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Keywords: material recovery, circular economy, recycling of WEEE, business model, value 

creation 

 

Electrical and electronic waste (WEEE) is rapidly growing waste stream globally. It consists of 

several materials including precious metals and critical raw materials (CRM) but also hazardous 

substances. Since material content of WEEE is valuable, there is a significant economic 

potential in its recycling. In addition, informal recycling of WEEE results in material loss and 

health and environmental problems. CRMs have unique properties that are utilized in e.g. high-

tech products and green technology, but their availability is declining and prices are increasing. 

Implementing circular economy principles is a way to increase product and material reuse and 

thus decrease need for virgin materials. This study has been conducted as a part of a project 

which aim is to develop commercial recovery plant, based on hydrometallurgical process, to 

recover materials from WEEE. The purpose of this master’s thesis is to create preliminary 

business model for the material recovery process.  

 

This study is conducted as a qualitative research. Literature review and five semi-structured 

interviews of electronics producing companies are used to collect data. In addition, multiple 

competitors are examined. The aim of this thesis is to find out how to create value for customers 

with the recovery process and what kind of business model is suitable. To reach this aim, 

potential customers’ requirements and views are assessed.   

 

The literature review revealed that the WEEE market is changing and developing in rapid pace 

and new technologies and actors are emerging constantly. The interview results showed that 

companies are interested in material recovery from WEEE. Implementing circular economy 

and improving product’s recycling rate are important topics for electronics producers. 

Reliability and transparency are essential requirements for the recovery service. Furthermore, 

the need to provide information regarding to the process e.g. by comprehensive reporting is 

important. These topics are emphasized in the business model developed. Despite the promising 

potential, there are also challenges that need to be solved to make the business functioning, for 

example logistics can cause problems as the supply chains are often long and complex.
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Sähkö- ja elektroniikkaromu (SER) on globaalisti nopeasti kasvava jätejae. Se koostuu useista 

materiaaleista kuten jalometalleista ja kriittisistä materiaaleista, mutta myös haitallisista 

aineista. Koska SER-jätteen materiaalisisältö on arvokasta, on sen kierrättämisellä merkittävä 

taloudellinen potentiaali. Lisäksi epävirallinen kierrätys voi johtaa materiaalin häviämiseen ja 

terveydellisiin sekä ympäristöllisiin haittoihin. Kriittisillä materiaaleilla on ainutlaatuisia 

ominaisuuksia, joita hyödynnetään korkean teknologian tuotteissa ja vihreässä teknologiassa. 

Kuitenkin kriittisten materiaalien saatavuus heikentyy ja hinnat nousevat. Kiertotalouden 

periaatteiden toteuttaminen lisää tuotteiden ja materiaalien uudelleenkäyttöä ja siten vähentää 

neitseellisten materiaalien tarvetta. Tämä diplomityö on toteutettu osana projektia, jonka 

päämääränä on kehittää hydrometallurgiseen prosessiin perustuva kaupallinen talteenottolaitos 

SER-jätteelle. Työn tarkoituksena on luoda alustava liiketoimintamalli materiaalin 

talteenottoprosessille.  

 

Tämä diplomityö on toteutettu kvalitatiivisena tutkimuksena. Kirjallisuuskatsausta ja 

puolistrukturoituja haastatteluja elektroniikkavalmistajille on käytetty tiedonkeräämiseen. 

Lisäksi useita kilpailijoita on arvioitu. Tavoitteena tässä työssä on selvittää, miten luoda arvoa 

asiakkaille talteenottoprosessilla ja millainen liiketoimintamalli on sopiva. Tavoitteen 

saavuttamiseksi potentiaalisten asiakkaiden vaatimuksia ja näkemyksiä arvioidaan. 

 

Kirjallisuuskatsaus paljastaa, että SER-markkina muuttuu ja kehittyy nopeasti ja uusia 

teknologioita ja toimijoita ilmaantuu jatkuvasti. Haastattelutulokset osoittavat, että yritykset 

ovat kiinnostuneita materiaalien talteenotosta SER-jätteestä. Kiertotalouden toteuttaminen ja 

tuotteiden kierrätysasteen nostaminen ovat tärkeitä asioita elektroniikkavalmistajille. 

Luotettavuus ja läpinäkyvyys ovat välttämättömiä edellytyksiä talteenottopalvelulle. Lisäksi 

tiedon tarjoaminen prosessista esimerkiksi kattavan raportoinnin kautta on tärkeää. Näitä asioita 

korostetaan kehitetyssä liiketoimintamallissa. Huolimatta lupaavasta potentiaalista, on myös 

haasteita, jotka on ratkaistava toimivan liiketoiminnan mahdollistamiseksi. Esimerkiksi 

logistiikka voi aiheuttaa ongelmia, sillä toimitusketjut ovat usein pitkiä ja monimutkaisia. 
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1 INTRODUCTION 

 

Multiple environmental issues are threatening the world. WWF (2020) lists for example climate 

change, loss of biodiversity and overconsumption to be major issues for the Earth. Natural 

resources are used in an unsustainable manner and consequences of climate change are already 

visible globally. Part of a potential solution for these crises is circular economy. It is a system 

that aims to utilize resources efficiently as it encourages towards reuse, repair and recycling 

(Ellen MacArthur Foundation 2015). This is a good and efficient way to decrease the need of 

materials and energy. A necessary shift in thinking is that waste should not be seen as a problem 

but rather as a resource and possibility (Lee et al. 2017). Circular economy offers many new 

business opportunities and as a matter of fact, new kinds of business models are introduced 

because of circular business.  

 

There is a growing global e-waste problem. People are using and owning increasing amounts 

of electronic and electrical equipment and the lifetime of those devices is becoming increasingly 

short. This results in a situation where the amount of waste electrical and electronic equipment 

(WEEE) is constantly growing. In fact, WEEE is among the fastest growing waste streams in 

the world. However, there are many possibilities regarding to e-waste as it contains valuable 

materials including precious metals like gold and copper. (Step Initiative 2014) Unfortunately, 

currently only 20 percent of this waste stream is appropriately recycled. The lack of proper 

recycling increases greenhouse gas emissions and the release of hazardous substances. (Forti et 

al. 2020) Resource scarcity is emerging issue and material prices are growing (Ellen MacArthur 

Foundation 2015). As a response, recycling of WEEE must be increased significantly and new 

ways to extract materials effectively from waste are needed. Raising recycling rate of WEEE is 

essential since it can decrease negative impacts of WEEE and generate more raw materials and 

business opportunities.  

 

This master’s thesis is conducted on behalf of Alva-yhtiöt Inc. (later Alva). Alva have partnered 

with other companies in a pursuit of developing material recovery plant that is able to extract 

precious metals and critical raw materials from e-waste. Pre-commercial recovery plant project 

aims to develop recovery process that can extract precious metals and critical raw materials 

such as rare earth elements from WEEE. Critical raw materials are very important for high-tech 

products and their significance for green innovations is substantial, they also have notable effect 
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on security of supply within the EU (European Commission 2018). In the project the recovery 

process itself is developed further and optimized. In addition, to decide whether the process is 

feasible, the business side of the process must be examined. A preliminary business model for 

the process is planned during the project. The purpose of this study is to research the market 

and plan preliminary business model for the commercial material recovery process.   

 

1.1 Objectives and scope 

 

This study examines the WEEE market and its development, actors operating on the WEEE 

recycling market, and potential customers for material recovery process. Alva and its partners 

have an intention to start new business utilizing material recovery from WEEE. Thus, there is 

a need to plan preliminary business model and examine the market to find out the feasibility 

and profitability of the new business. The development of appropriate business model and value 

creation are among the main objectives for the project. This master’s thesis addresses four 

research question to get a good look on the topics mentioned. Next, each research question is 

presented and further discussed. 

 

What are the needs of customers regarding to resource recovery especially critical raw 

materials from WEEE? 

 

Customer needs regarding resource recovery are essential to examine to be able to form an 

offering that is relevant. Critical raw materials are of particular interest as one of the central 

aspects of the recovery process is to extract critical raw materials. Customer needs are examined 

by interviewing potential customers. Understanding of the views and needs that customers have 

is explored in this study. 

 

What are the needs and procedures for sustainable circulation of usable materials from WEEE? 

 

The requirements that are needed for successfully circulating materials for reuse are found out. 

Use of recycled materials can be complicated and hence it is important to get a good 

understanding of all the necessary procedures and expectations aimed towards it. This is done 

by reviewing theory and collected data gotten from the interviews. In this thesis the focus is on 
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precious metals and critical raw materials that can be recovered with the planned recovery 

process.  

 

What is a suitable business model for a recovery plant and how to create value for customers? 

 

The business model for the recovery process is planned and especially value creation is of 

interest in the study. Answers to previous research question are a significant part in answering 

this question. Suitable business model is considered and the aspects that create value are 

explored.  

 

What is the competitive advantage of the resource recovery plant? 

 

Competitive advantage for the process and business related to it is searched for. Differentiation 

from competitors must be done and options to do it are assessed. Strengths of the recovery 

process in question are viewed and comparison to competitors is done to clarify possibilities 

for differentiation. 

 

1.2 Execution of the study 

 

This master’s thesis consists of separate theoretical and empirical part. Both the theoretical and 

empirical parts help to identify opportunities and challenges related to the resource recovery 

from WEEE and related business. These outcomes are evaluated, compared and analyzed in 

this study. The theoretical section is conducted as a literature review in this study. The purpose 

of literature review is to provide comprehensive outlook on the topic. WEEE market and critical 

raw materials are studied to get a good understanding of the operational environment. In 

addition, theory of circular economy, business models and value creation are viewed to support 

the empirical part of the study. The main sources used in the literature review are scientific 

publications, books, expert organizations’ publications and EU documentation. 

 

The empirical section is conducted as a qualitative research. Qualitative method was chosen as 

it was the most appropriate option for this research. Perception of potential customers were not 

known, and the goal was to find new viewpoints and needs. Customer needs and requirements 

are examined with qualitative semi-structured interviews. Five companies producing and 
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selling electrical and electronic devices were interviewed. The aim was to get a view on how 

companies see their e-waste and how they currently operate regarding to used electronic 

devices. In addition to interviews, another data source used is Apple Inc’s (later Apple) 

environmental report. The report was used as applicable and it is complementary to the 

interview results. Furthermore, some of the potential competitors are identified and investigated 

with internet search. The material recovery methods and offerings of these companies are 

reported to provide better understanding of the material recovery market.  

 

Qualitative research seeks to understand the subject of research from the perspective of the 

people studied. Interest is focused on the thoughts, experiences, feelings and meanings that 

people give to the researched topic. (Puusa & Juuti 2020) Qualitative research method offers 

an opportunity to study people’s perceptions. It takes into account the context and 

circumstances in question. In qualitative research there can be a lot of emphasis on the views 

of the participants and it can clarify the real-world circumstances from the perspective of the 

people involved. (Yin 2016)  

 

Qualitative research methods are inductive. Inductive research means that conclusions are 

drawn based on the collected data, i.e. meanings are sought for from the collected data. Lot of 

the concepts and words used by the interviewees are used in the research. Dialog between theory 

and the collected data is important in implementation of qualitative research. Theory has a role 

in supporting the different phases of qualitative study, but the focus is more on the collected 

data. (Puusa & Juuti 2020) 

 

The interviews for this study were conducted in October 2020. People from 5 different 

companies were interviewed. The interviewed companies were manufacturers and sellers of 

electronics in Finland. These interviews were arranged via remote connection using Microsoft 

Teams. Questions were divided to five topics and sent to participants in advance, interview 

questions can be found in Appendix 1. As the objectives of the interviews were complex and 

one of the main aims was to find out about attitudes in companies but there was still a need to 

go through the same topics with every interviewee, semi-structured interview was chosen. 

Semi-structured interview was seen as the most suitable interview type to achieve the research 

aims in this study. Semi-structured interview offers possibilities for the interviewee to express 

their own perceptions, experiences and to point out new viewpoints while still addressing the 
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research questions. Qualitative semi-structured interview can offer new solutions and help to 

understand complicated issues that are rarely questioned. (Galletta 2012) 

 

1.3  Structure of the thesis 

 

The content and structure of this thesis is presented in Table 1. There are ten main chapters in 

the thesis. The contents of inputs and outputs for each chapter are described in the table. The 

input column shows the information that is processed in the chapter. The output column 

describes the information that is produced in the chapter. This gives an overview of the topics 

of the thesis. 

 
Table 1 Structure of the master’s thesis 

Input Chapter Output 

Objectives of the thesis 

Introduction 

Introduction of the topic and research 

questions, description of the research 

methods. 

Theoretical base regarding to WEEE 

and WEEE market 
Waste from electrical and 

electronic equipment 

(WEEE) 

Definition of WEEE, amounts of 

WEEE streams, outlook on the market 

and views on future development. 

Theory of critical raw materials 

Critical raw materials 

(CRM) 

Clarification of CRMs and the 

importance of the materials. 

Description of CRM situation in the 

EU and other areas.  

Description of circular economy and 

resource recovery based on literature Circular economy 

Understanding of circular economy 

concept, requirements needed to 

achieve circularity, hindering barriers. 

Theory of circular value creation, 

business model canvas and UN SDGs Value creation 

Comprehensive look on value creation 

and basis to develop business model 

regarding to the recovery process. 

Description of the pre-commercial 

recovery plant project and background 

information 

Pre-commercial recovery 

plant project 

Introduction of the recovery plant 

project and its participants. 

Identification of competitors and their 

operations Competitors 

Outlook on the competitive 

environment, understanding on the 

operation of the industry. 

Interviews and Apple’s environmental 

progress report Results 

Description on companies’ views and 

needs regarding to WEEE. 

Theoretical and empirical results 

combined 
Discussion 

Understanding and finding ways to 

create value and fulfill customer needs 

and expectations. Introduction of 

suitable SDGs. 

Assessment of results 

Conclusions 

Comprehensive look on the findings, 

recommendations. Answers to 

research questions. 
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This study has four theory chapters. In chapter two the size of e-waste streams currently and in 

the future are viewed and problems and possibilities of WEEE are identified. In addition, WEEE 

market and its development is discussed. Chapter three addresses critical raw materials and 

their recycling. Critical raw material strategies in the EU and elsewhere are viewed. Circular 

economy principles are explained in chapter four. Last theory chapter is chapter five and it 

covers value creation. Business model canvas and circular economy value creation are 

described. Furthermore, United Nations’ (UN) Sustainable Development Goals are introduced.  

 

The empirical part of the thesis starts from chapter six which describes the pre-commercial 

recovery plant project. The companies involved in the project are also introduced. Material 

recovery methods such as hydrometallurgy and pyrometallurgy are discussed and compared. In 

chapter seven some of the competitors for material recovery from WEEE are examined and 

assessed. Chapter eight describes the interview results and also discusses Apple’s 

environmental report. Discussion is in chapter nine. Results are analyzed and reflected to 

theoretical findings. Finally, in chapter ten conclusions are drawn and answers to research 

questions are presented. In addition, recommendations based on the study are provided. 
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2 WASTE FROM ELECTRICAL AND ELECTRONIC EQUIPMENT 

(WEEE) 

 

Waste from electrical and electronic equipment (WEEE, e-waste or e-scrap) include electrical 

and electronic items that are discarded by the user without intention of reuse (Step Initiative 

2014). E-waste can be divided into six categories as shown in Table 2. The categories are 

temperature exchange equipment, screens and monitors, lamps, large equipment, small 

equipment, and small IT and telecommunication equipment (Baldé et al. 2017).  

 

Table 2 WEEE categories (Baldé et al. 2017, Forti et al. 2018) 

Waste category Examples of what are included 

Temperature exchange equipment Air conditioners, cooling equipment, fridges, 

freezers 

Screens and monitors Monitors, laptops, televisions, tablets 

Lamps Fluorescent lamps, LED lamps, other special 

lamps (e.g. professional mercury) 

Large equipment Large kitchen equipment, washing machines, 

dryers, professional IT equipment (e.g. routers, 

copiers), photovoltaic panels 

Small equipment Microwaves, small kitchen equipment (e.g. 

toasters, coffee makers), cameras, toys, tools, 

speakers 

Small IT and telecommunication 

equipment 

Mobile phones, desktop PCs, printers, game 

consoles 

 

WEEE consists of many different materials including for example basic metals, rare earth 

elements (REEs), glass and polymers. Valuable and critical metals found in WEEE evokes 

interest to the recycling business. (Debnath et al. 2019, pp. 341) However, e-waste contains 

also various pollutants (e.g. fire retardants) which makes it complex waste and this impacts on 

how it can be recycled or disposed. (Vats & Singh 2014) 

 

The amount of WEEE generated is growing constantly (Step Initiative 2014). It is among the 

fastest growing waste streams in the EU, currently the annual growth rate is estimated to 3 to 5 

percent (Lee et al. 2017). People purchase new products regularly, and on average there is 

annually over 20 kg per person of electrical and electronic products on the market within the 

EU. This is due to many factors such as shortening of the lifetime of electrical and electronic 
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products and frequent emerging of new innovations. Products are more complex and repairing 

of the devices is difficult. Technology has advanced and costs have decreased which enables 

the growing consumption of electronic devices. (Bachér et al. 2020) As the development of 

electronics consumption and generation of WEEE have been examined it has been found that 

there is a linear relationship between GDP and e-waste generation. A country with high GDP 

is likely to generate more e-waste whereas countries with low GDP generate only little e-waste. 

Due to this connection it is possible to predict that the amount of generated e-waste will increase 

in developing countries as countries’ GDPs rise. (Kumar et al. 2017) 

 

2.1 Current situation of WEEE recycling 

 

Globally in 2019 there was 53.6 Mt of WEEE generated. This means on average 7.3 kilograms 

per capita. However, there are considerable differences between different regions. Regional 

differences are illustrated in Table 3. In Europe average people generates 16.2 kilograms of e-

waste but in Asia the amount is only 5.6 kilograms and in Africa it is 2.5 kilograms. 

Unfortunately, only 17.4 percent of the generated e-waste was recycled properly. Over 80 

percent of e-waste was undocumented, and it is estimated that 8 percent of e-waste is being 

disposed as a regular household waste. It is assumed that most of the undocumented e-waste is 

mixed with other waste streams and thus materials cannot be recovered from the e-waste. Also, 

part of the e-waste is exported illegally from high-income countries to middle- or low-income 

countries disguised as devices going to reuse. (Forti et al. 2020)   

 

Table 3 E-waste statistics (Forti et al. 2020) 

 E-waste generated E-waste per capita Recycling rate 

Europe 12 Mt 16.2 kg 42.5 % 

Americas 13.1 Mt 13.3 kg 9.4 % 

Africa 2.9 Mt 2.5 kg 0.9 % 

Asia 24.9 Mt 5.6 kg 11.7 % 

Oceania 0.7 Mt 16.1 kg 8.8 % 

 

As well as the amount of generated WEEE also recycling rates of WEEE vary in different areas. 

In Europe 42.5 percent of e-waste is collected and recycled whereas in America the rate is only 

9.4 percent, lowest recycling rate is in Africa where only 0.9 percent of WEEE is recycled. In 
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middle- and low-income countries the e-waste infrastructure is insufficient or in some cases 

even nonexistent. Therefore, e-waste is often managed informally in these areas. (Forti et al. 

2020)  

 

Currently people are not recycling all their e-waste. Often there is significant number of 

discarded devices waiting in homes. This is due to little knowledge of e-waste recycling and 

concerns regarding to data security. (PACE 2019) It is a challenge but also an opportunity for 

WEEE recyclers, as there are lot of valuable materials but there is also a need to encourage 

people to dispose their electronics properly. 

 

The situation of WEEE legislations and regulations has improved. In 2014 61 countries had 

legislations, policy and regulations related to WEEE. This number has climbed to 78 by 2019. 

However, in some countries the legislation can be very poor, and it may not be enforced 

appropriately. Hence, although situations seem to be improving there is still a lot more to 

improve regarding to the legislation and policy of WEEE. (Forti et al. 2020) In the EU there is 

WEEE directive that is controlling the legislation regarding to e-waste. It aims to enhance the 

collection and recycling of WEEE. It gives target for collecting of WEEE and since 2019 it has 

been 85 percent of produced WEEE. (Van Eygen et al. 2015) 

 

The amount of recycled WEEE has been increasing. However, the amount of generated WEEE 

has increased more rapidly and the increased recycling is not enough. More effective and 

extensive recycling is thus needed. (Forti et al. 2020) In order to develop the WEEE issue it is 

essential to monitor waste quantities. International level statistics should be collected. There is 

growing interest globally but not enough up to date statistics. In 2017 only 41 countries 

collected e-waste statistics and only Europe had harmonized statistic data. (Baldé et al. 2017) 

As the data is often not available, e-waste generation can only be estimated in many regions 

(Kumar et al. 2017). Understanding of the e-waste streams is important and it can help in 

prevention of the illegal treatment of e-waste (Forti et al. 2020). 
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2.2 Possibilities of WEEE 

 

There is a significant potential in WEEE that is yet poorly utilized. As the consumption of 

electrical equipment is growing fast among consumers and businesses (TMR 2019) there is a 

lot of potential in recycling business of WEEE. Despite of promising possibilities, recycling 

and recovery rates for example for printed circuit boards are very low although they contain 

high amounts of valuable materials. (D’Adamo et al. 2016)  

 

There are over 60 elements found in WEEE and many of them are possible to recover (Baldé 

et al. 2017). Recovering materials from e-waste can be called urban mining as the e-waste can 

be seen as an urban mine containing lots of potential raw materials. There is possibility to 

separate materials like precious and critical metals that can be used as secondary raw materials. 

(Forti et al. 2020) Because of the presence of precious metals including gold, silver and 

palladium in WEEE there is notable economic potential in harvesting them. Utilizing the stock 

of materials found in e-waste offers economic benefits as the concertation of metals is relatively 

high. (Debnath et al. 2019 pp. 341) Compared to mining metals from ores, the concentration of 

metals in e-waste is much higher than in ores (Kumar et al. 2017). A notable fact is that metals 

can be recycled endlessly, and the quality and functions remain the same (Marra et al. 2018). 

WEEE as a secondary raw material seems to offer a lucrative opportunity (Baldé et al. 2017) 

as according to Forti et al. (2020) the value of raw materials found in WEEE in 2019 was over 

50 billion euros.  

 

WEEE is recognized as a resource since recovery of valuable materials can be done (Heacock 

et al. 2016). Increasing recycling of e-waste can reduce the need for virgin raw materials. It is 

possible to decrease the need to extract virgin raw materials as they are replaced with recycled 

materials. Using secondary raw materials consumes significantly less energy and other 

resources when compared to mining ores in order to get primary metals. (TMR 2019) Using 

recycled metals instead of using primary metals results also in notably lower air and water 

pollution (Kumar et al. 2017). Greenhouse gas emissions from extraction and refinement can 

be decreased with material reuse (Forti et al. 2020). Shifting from mainly primary raw materials 

to using secondary raw materials can cause disruption in industries that produce and sell 

materials or products. This disruption may offer possibilities for new companies to enter the 

market. (Larsson 2018 pp. 169-170)  
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2.3 Challenges regarding to WEEE 

 

A common problem related to WEEE is its illegal trade. E-waste is shipped to Africa, Asia and 

few other regions as shown in Figure 1. Exporting WEEE is done because appropriate recycling 

of e-waste is complex and expensive. (Lundgren 2012, Puckett 2020) Informal recycling has 

been shown to be cheaper option compared to compliant recycling as appropriate recycling 

includes a lot of additional costs that are not included in informal recycling process. (Forti et 

al. 2020). Although many countries have legislation against exporting WEEE, it has been 

evidenced that e-waste is still being shipped away. To utilize the materials found in e-waste and 

to ensure that hazardous substances are managed properly it is important to stop exporting 

WEEE and recycle it in a correct way. (Puckett et al. 2018) As a result of e-waste trade 

developing countries face a challenge of e-waste and they are lacking technology to manage e-

waste properly (Lungren 2012). 

 

Figure 1 Illegal e-waste export streams (Lundgren 2012, Lewis 2011) 

 

Basel Action Network (BAN) is an organization that aims to stop toxic waste stream exports to 

less developed countries (BAN 2020). To fight illegal e-waste trade BAN have worked to stop 

the trade. It has established Basel Ban that aims to prevent transboundary movement of WEEE. 

186 countries have accepted and hence are included in the Basel Ban. (Puckett 2020) In 2017 

the Basel Action Network inspected the compliance of the Basel Ban in the EU by GPS trackers. 
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This revealed that exports are still happening constantly and many of them to developing 

countries. (Puckett et al. 2018) 

 

A significant problem caused by WEEE is toxic substances e.g. heavy metals (Oguchi et al. 

2013). Informal recycling of WEEE is common as well and it causes severe issues in developing 

countries. Electronic waste is dismantled in order to separate valuable materials, for example 

gold and copper. However, this is done with primitive techniques e.g. open burning (Vats & 

Singh 2014) and without appropriate protection. (Grant et al. 2013) In addition to the valuable 

metals, WEEE also contains numerous hazardous materials for example lead, mercury and 

flame retardants. Regardless, in many developing countries the handling of WEEE is not 

regulated. Therefore, there are alarming safety issues with WEEE treatment. Toxic substances 

found in WEEE can contaminate water, air and soil. Consequently, it has negative effects on 

people’s health for example through food and water.  (Heacock et al. 2016)  

 

Methods used in developing countries expose workers to numerous risks. There are hazardous 

chemicals released in the processes. Workers can be exposed to harmful substances via air or 

dust, dermal exposure or orally (due to lack of running water). Also, children are often exposed 

to hazardous e-waste as child labor is used in recycling sites. The exposure can have particularly 

severe results for children. (Lungren 2012) According to Grant et al. (2013) there are indications 

on many negative health impacts caused by WEEE, for instance several studies showed higher 

levels of DNA damage and cellular expression in populations that are in contact with WEEE.  

 

In addition, electronic products are not designed in a way that the different substances are easy 

to separate (Heacock et al. 2016). This causes challenges for the recycling process. Still, 

according to Oguchi et al. (2013) recycling of e-waste and proper management of hazardous 

substances is needed in handling of electronic waste. Unfortunately, substantial amount of the 

WEEE was placed in landfills or informally recycled. This kind of conduct leads to loss of 

valuable and often rare materials because materials are not effectively separated from the waste 

causing problems regarding to limited natural resources. (ITU 2019) Due to the fast growth of 

e-waste stream, problems related to it are also increasing and there is a need for efficient 

solutions. 
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2.4 Waste legislation in the EU and Finland 

 

There are many laws to be considered when it comes to recycling of WEEE. According to 

legislation concerning waste, waste is defined as a product that is discarded or that user is 

obligated to discard. However, as material becomes waste it is not seen in a same way as virgin 

material which can have negative effect on raw material market. Secondary material can be 

perceived as inferior to virgin material. Waste status often decreases the value of a material and 

thus places it to inferior position compared to virgin material. (Kauppila et al. 2018) This can 

be a notable problem in recycling of WEEE. 

 

To be able to utilize materials recovered from e-waste there is a possibility to use End of Waste 

(EoW) procedure. When waste status is removed from a material it is easier to utilize as there 

are less restrictions towards non-waste and it is seen more valuable. EoW procedure is a 

procedure in which material classified as waste ceases of being waste as criteria of legislation 

are fulfilled.  Unless there is a specific regulation on EU level or national level concerning a 

certain waste material, the waste status can be determined case by case by a competent 

authority.  There is not legislation on EU level regarding to EoW procedure except for few 

materials e.g. copper and steel and thus different cases are regulated on a national level. 

(Kauppila et al. 2018) There has been a lot of changes in Finnish waste and chemical legislation 

and therefore some policies concerning the waste status have not yet been established (Alaranta 

& Ryynänen 2015). Hence, there are uncertainties regarding to EoW procedure. 

 

In cases where EoW procedure is utilized, REACH (registration, evaluation, authorization and 

restriction of chemicals) and CLP (classification, labelling and packaging) regulations can 

make the utilization of EoW material more complicated. REACH is not applied for waste 

materials but after EoW procedure REACH starts to apply for some materials. To fulfill 

REACH requirement a company has to produce chemical safety information by conducting 

different assessments. Company must acquire information about material’s dangerous qualities, 

application methods and safe ways of use. Cooperation in registration of materials have to be 

done with other companies registering the same material. (Kauppila et al. 2018) 

 

There are challenges regarding to waste legislation and how to determine the best approach. If 

the law is overly cautious and prioritizes safety of people and protection of environment 
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excessively it can hinder the use of waste as raw material. This may result in unnecessary 

emissions and other negative environmental impacts caused by procurement of alternative raw 

materials. (Alaranta & Ryynänen 2015) The overly cautious and impractical restrictions are an 

issue that can have very significant impact on recycling of WEEE and it should be 

acknowledged because it can complicate recycling operations vastly.   

 

2.5 Future development of WEEE 

 

It can be expected that the amount of WEEE generated will grow in the future. It is estimated 

that the amount of WEEE generated is going to grow approximately 2 Mt annually. As a result, 

the annual global WEEE generation in 2030 will be 74.7 Mt. (Forti et al. 2020) Estimated 

growth is presented in Figure 2. Waste categories estimated to grow the most are temperature 

exchange equipment such as heating and cooling appliances, and small and large equipment as 

a result from improving living standards in different regions. E-waste from screens is expected 

to decrease because of technology development. Waste from IT equipment is estimated to 

increase slower as technology development moves towards smaller and lighter devices, but the 

number of consumed devices still grows. (Baldé et al. 2017) Demand and consumption of 

electronics is expected to grow as devices for Internet of Things (IoT) are increasing for 

example IoT devices related to smart homes and smart cities (Forti et al. 2020). Overall, the 

amount of WEEE is expected to increase as a result of shorter life cycles of electronic 

equipment.  This is the case especially with small IT devices. As new products are consumed 

more, WEEE generated will also increase significantly. (Kumar et al. 2017)  
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Figure 2 Estimated WEEE generation from 2019 to 2030 (Forti et al. 2020) 

 

According to Gore & Kulkarni (2014) to manage e-waste environmentally and effectively there 

is need for institutional system that includes all necessary steps for recycling: collection, 

transportation, storage, treatment, recovery and disposal of e-waste. They continue to 

recommend that e-waste recyclers should cooperate with governments, non-governmental 

organizations or manufacturers. There is a growing amount of initiatives that encourages 

towards more sustainable way of operating. An example is EU’s Green Deal and as a part of it 

there is EU’s Circular Economy Action Plan. The plan promotes recycling but also for example 

reuse and repair. (European Commission 2020a) To recycle e-waste well appropriate 

technology and processes are needed, and these require knowledge and skills. Because of the 

presence of numerous hazardous substances, and to successfully capture valuable materials, it 

is particularly important that recyclers have necessary expertise in handling of WEEE. (Gore & 

Kulkarni 2014)  

 

WEEE is a growing challenge as the generated waste keeps growing and recycling is not 

growing at the same pace. There are a lot of aspects to improve in the future including 

technological development as well as controlling e-waste trade and improving legislation and 

policies. Considering the recycling process already in the product design phase is also one 
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development target. (Gore & Kulkarni 2014) To achieve more sustainable way of producing, 

using and disposing electronics a circular model is needed. Reusing materials and minimizing 

waste is requirement in order to achieve change. There are a lot of possibilities to enhance 

electronics circularity, for example focusing on design, repair or recycling. Circularity offers 

many new business opportunities and there is a significant economic benefit available. New 

jobs that are safer than current e-waste recycling jobs can be created with more circular 

management of electronics. In conclusion, future possibilities seem encouraging but 

challenging. (PACE 2019) 

 

2.6 WEEE market 

 

Urban mining is getting more appealing as traditional mining industry has been facing new 

challenges related to for example environmental impacts, market uncertainty and public 

scrutiny. Thus, some mining companies are looking for new solutions and considering waste 

materials as alternative resource. These potential sources are for example e-waste, vehicles and 

industrial slags. As raw materials are found in waste materials the industry is not operating in a 

same way anymore. Extraction, production, manufacturing, consumption and disposal are not 

unambiguous as the boundaries of different phases are less clear. (Knapp 2016) 

 

Urban mining is based on the fact that new products are produced and consumed, and raw 

materials for those products are mined. Therefore, it is dependent on geophysical processes. 

(Knapp 2016) According to Forti et al. (2020) even though all iron, copper and aluminum from 

WEEE would be recovered, there would even then be need for additional 14 Mt of those 

materials in production of new electronics. Hence, virgin raw materials are still needed, 

although recycling can decrease this need. E-waste is very potential source for raw materials 

due to relatively high concentrations of different materials. Although urban mining cannot be 

only source of raw materials, some mining companies use urban mining as an additional 

operation. (Knapp 2016) The recycling industry can benefit substantially from utilization of 

WEEE as the waste stream is constantly growing (Kumar et al. 2017). Forecasts for recycled e-

waste and value of e-waste recycling market are presented in Figure 3 and Figure 4. These 

forecasts take account only appropriately recycled WEEE and thus the potential is even greater 

if recycling rate of WEEE increases. 
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Figure 3 E-waste recycling market volume 2017-2027 (TMR 2019) 

 

 

Figure 4 E-waste market value 2017- 2027 (TMR 2019) 

 

In the case of utilizing WEEE, there is need for collection, transportation, storage and 

dismantling of the waste. This can be very costly which can have significant effect on feasibility 

of e-waste recycling. (Golev et al. 2016) However, developing collection and recycling 
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processes is essential in order to utilize secondary raw materials in manufacturing of new 

products (Forti et al. 2020).  

 

WEEE is diverse as there are lot of different types of components in devices, including for 

example batteries, magnets, screens and printed circuit boards. Printed circuit board (PCB) is 

the most valuable part of WEEE as most of the valuable metals are found in PCBs (Golev et al. 

2016). 3 to 6 percent of e-waste consists of PCBs which contain notable amounts of for example 

gold, silver and palladium (Kumar et al. 2017). However, PCBs include multiple different 

materials, for example ceramic compounds, plastics and over 20 different metals of which some 

are toxic. Therefore, the recycling process is challenging, and all materials are currently not 

being extracted and reused. The recycling process often requires a lot of energy and it can be 

harmful for environment. Furthermore, sometimes the purity levels of extracted materials are 

not ideal. (Cucchiella et al. 2015) 

 

Example of a new type of e-waste is photovoltaic (PV) panels that are a new and growing e-

waste stream. There are many different materials in them, for example copper, silver, tin, 

indium and gallium. Current technologies are not well suited for recycling of solar panels. 

(Lampela 2020) It will be very significant e-waste stream in the future as the amounts will grow 

and the materials can vary as technology develops. Currently there is still only small amounts 

of waste PV panels, but consumption of PV panels is growing in both private and industrial 

markets. A lot of panels have been installed recently and those will become waste in 20 to 30 

years. (Cucchiella et al. 2015)  

 

The WEEE market is constantly developing. New companies are emerging, and innovations 

are introduced frequently. Next, few examples of the developments in the market are 

introduced. Researchers have found that a protein called lanmodulin can be used to extract 

REEs from e-waste due to its special properties. It could be useful in recovery processes as it 

can tolerate industrial conditions e.g. high temperatures. (Linnenkoper 2020b)  

 

Apple has developed a robot called “Daisy” to disassemble products. The robot can remove 

components from devices and thus, help in recovering materials in higher quality. In addition, 

Apple introduced another robot “Dave” that is enhancing the recovery of e.g. REEs, steel and 

tungsten by disassembling components.  With the help of these robots Apple is able to recover 
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more materials than before. The company is increasing the amount of recycled materials used 

in their products, and for example in MacBook Air the case is made entirely of recycled 

aluminum. Their newest products also have recycled REEs in their taptic engines. (Apple 

2020a, Linnenkopper 2020a) 

 

Lastly, ADIR is a project that focused on the feasibility of extracting critical raw materials from 

WEEE with robotic disassembly of equipment. The project’s recycling plant is located in 

Germany. Its recycling process is automated, and laser is used in the extraction of materials as 

well as in metallurgical processes. Multiple technologies were utilized in the extraction process, 

for example image processing, 3D laser measurement and pulsed power technology. Critical 

raw materials, for example tantalum, gallium and cobalt are recovered from e-waste. (ADIR 

2019) 
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3 CRITICAL RAW MATERIALS (CRM) 

 

There is an increasing demand for critical raw materials (CRM) globally as demand for clean 

energy technologies is growing. It is a challenge to ensure supply of these materials. This 

challenge concerns especially countries and regions with limited natural resources, for example 

the EU which is currently very dependent on imported raw materials needed in various 

industries. Figure 5 illustrates where CRMs are produced. It is evident that a significant amount 

of critical raw materials come from China. (European Commission 2018) 

 

 

Figure 5 Critical raw material suppliers globally (European Commission 2020b) 

 

The demand for CRMs grows, because they are irreplaceable in various industries especially in 

technologies that are aiming to fight climate change and reduce carbon emissions. To produce 

for example solar panels, wind turbines and electric vehicles CRMs are required. Increasing 

low-carbon technology is necessary in order to reach climate goals and this results in growing 

need for CRMs. (European Commission 2018) In addition, CRMs are important to many 

industries including modern technology. For example, in smart phones CRMs enable many 

features like small size and light weight. (European Commission 2017b) Appendix 2 illustrates 

the relevance of each critical raw material in different industries. 
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3.1 CRMs in the EU 

 

To determine which raw materials should be considered critical, economic importance and 

supply risk of each material are evaluated. Economic importance is based on the importance of 

end-use application of a material and possibilities to use substituting materials instead. Supply 

risk measures the reliability of a particular material supply. (European Commission 2017b) 

European Commission (2020b) have defined 30 raw materials as critical according to the 

discussed criterias. The list is updated every three years to follow the development regarding to 

new technologies, production, markets and to be able to anticipate future changes. (European 

Commission 2017a) Critical raw materials list from 2020 is introduced in Table 4 in which also 

dependency rate and recycling rate of each material is reported. 

 

Table 4 CRMs dependency and recycling rates in EU-27 (European Commission 2020b) 

Critical raw material Dependency on import rate Recycling rate 

Antimony 100 % 28 % 

Baryte 70 % 1 % 

Bauxite 87 % 0 % 

Beryllium - 0% 

Bismuth 100 % 0 % 

Borate 100 % 1 % 

Cobalt 86 % 22 % 

Coking coal 62 % 0 % 

Fluorspar 66 % 1 % 

Gallium 31 % 0 % 

Germanium 31 % 2 % 

Hafnium 0 % 0 % 

Indium 0 % 0 % 

HREEs (heavy rare earth elements) 100 % 8 % 

Lithium 100 % 0 % 

LREEs (light rare earth elements) 100 % 3 % 

Magnesium 100 % 13 % 

Natural graphite 98 % 3 % 
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Natural rubber 100 % 1 % 

Niobium 100 % 0 % 

PGMs (platinum group metals) 100 % 21 % 

Phosphate rock 84 % 17 % 

Phosphorus 100 % 0 % 

Scandium 100 % 0 % 

Silicon metal 63 % 0 % 

Strontium 0 % 0 % 

Tantalum 99 % 0 % 

Titanium 100 % 19 % 

Tungsten - 42 % 

Vanadium - 2 % 

 

As can be seen in the table, the recycling rates for CRMs are very low or often 0 percent and 

the rate of dependency on import is on average over 80 percent (European Commission 2017a). 

However, these materials have a significant effect on the EU’s economy and industries. 

(European Commission 2017b) And as a result, the EU is eager to make changes on the current 

situation. CRMs are one of the central themes on the EU Circular Economy Action Plan. The 

aim is to enhance the effective use and recycling of critical raw materials. (European 

Commission 2017a) Moreover, the EU Green Deal emphasizes the importance of CRMs as 

they are needed in green and carbon neutral technologies, which is an important reason to ensure 

supply of CRMs. (European Commission 2019) To reduce risks regarding to CRMs, the EU 

wants to mine as much of the materials within Europe as possible. In addition to recycling, 

substitution is also seen as way to decrease dependency on imports. (European Commission 

2018) 

 

3.2 CRM strategies outside European Union 

 

The issues regarding to CRMs have been acknowledged also outside the EU. Like Europe, 

Japan also has very limited resources of CRMs and is thus dependent on imports. It is focused 

on promoting recycling. Japan also aims to reduce risks by preferring long-term supply 

agreements and developing new extraction methods for CRMs. China has CRMs vastly and its 

strategy regarding to them is protective and strategic. China controls the industry strongly and 
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favors domestic markets. The United States have CRMs but are still dependent on imports to 

some extent. Its goal is to decrease the need of CRMs by substitution and new REE-free designs. 

Australia has lot of CRMs of its own and it sees growing demand of CRMs as an economic 

opportunity. Australia can be seen as a supplier of CRMs as it does not use much of the materials 

itself. (Barteková & Kemp 2016)  

 

3.3 Rare earth elements (REE) 

 

REEs consist of seventeen elements in the periodic table. Those seventeen elements include 

fifteen lanthanides, scandium and yttrium. REEs are used a lot in electronic products due to 

their suitable properties. They are found in magnets, batteries used for example in mobile 

phones and laptops, and phosphors used for example in TVs. Most electronic products contain 

REEs or components in them are produced with the help of REEs. (Paju & Aittoniemi 2013) 

REEs are mentioned as a group since their properties are similar and exceptional. Still, they can 

be divided to light rare earth elements (LREEs) and heavy rare earth elements (HREEs) based 

on different chemical properties and geological availability. (Tsamis & Coyne 2014) Although 

the name rare earth element indicates that the metals are rare, it is not the case because REEs 

are found widely in the nature. However, REEs are found in low concentrations and in 

challenging types of minerals which makes mining of them difficult. (Paju & Aittoniemi 2013) 

 

China was responsible for the supply of 63 percent of the world’s REEs in 2019 (USGS 2020). 

As China produces most of the REEs, there are also political aspects involved. REEs are critical 

due to their importance in many products and because the production is highly focused in only 

one country. EU imports REEs, but they also enter EU in components that are manufactured 

elsewhere. REEs are often very difficult to substitute with other materials which increases their 

importance and critical status. (Paju & Aittoniemi 2013, Tsamis & Coyne 2014) 

 

Almost none of REEs are currently recovered from e-waste even though precious metals, for 

example gold and copper, are recovered quite well. Recycling rates are often highest with 

materials that are used in high amounts or materials that are easy to extract from waste and for 

materials with high value. REEs are difficult to recover and their value is relatively low. China 

is producing more REEs than there is demand and hence keeping the market prices low. As a 
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result, the recycling rate have remained minimal regardless of the risks associated to REEs. 

(National Emergency Supply Agency 2017) 

 

3.4 Recycling of critical raw materials 

 

Benefits for recycling raw materials include lower water and energy consumption as well as 

reduced emissions. Recycling process consumes only 15 % of the amount of energy that it takes 

to process equivalent amount of ore (National Emergency Supply Agency 2017). Also, there 

are less negative impacts on environment e.g. for biosphere and less waste produced per ton of 

material produced. (European Commission 2018) Furthermore, radioactive substances like 

thorium and uranium are found in ores but recycled materials do not contain them. Thus, issues 

related to radioctivity, for example mining health problems, can be reduced by the increase of 

recycling. (Tsamis & Coyne 2014) 

 

Among other materials WEEE also contains CRMs (Forti et al. 2020). There are plenty of 

different CRMs including REEs in WEEE (National Emergency Supply Agency 2017). 

However, as a result of poor treatment of e-waste there is extensive loss of secondary raw 

materials especially CRMs. In informal e-waste recycling processes, hardly any CRMs are 

recovered from the waste. (PACE 2019) Still, concentration of CRMs in e-waste makes them 

potential target for recovery. Decreasing dependency on China and other CRM producer 

countries can be done by recycling these materials and enabling the reuse of critical materials. 

(Lee et al. 2017) This will potentially decrease the need to import CRMs.  

 

While WEEE is an interesting target for recycling of CRMs, the recycling process is difficult. 

Usually the majority of e-waste consists of plastic and steel although the value of e-waste comes 

from precious metals like gold, silver and palladium. This does not encourage the recovery of 

CRMs. In addition, processes used for separation of different materials are currently mechanical 

or pyrometallurgical. However, these methods are not well suited for extracting CRMs and 

most of the materials are lost during the processes. New hydrometallurgical processes are being 

developed and they could enable capturing wider range of CRMs. (National Emergency Supply 

Agency 2017)  
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CRMs are crucial for Europe’s economy and employment. They play an important role in 

maintaining and enhancing quality of life. Especially lately, as the use of CRMs have increased 

in many products. It is globally growing concern to secure reliable and sustainable supply of 

CRMs. Identified challenge in Finnish manufacturing for recycling of CRMs and other 

materials is that products are sold and sent to different parts of the world. It would not be 

feasible to ship them back to Finland for recycling due to economic and environmental reasons. 

(National Emergency Supply Agency 2017) There is a need for functioning systems that enable 

effective recycling that is reasonable in both environmental and economic points of view. 

 

Extensive recycling of WEEE is essential in order to keep CRMs within the economy (Lee et 

al. 2017). However, because of China’s overproduction and low market prices, recycling of 

CRMs is not done even though the need to recycle CRMs is highlighted for example by the EU. 

(National Emergency Supply Agency 2017) As technology evolves and new recovery processes 

are developed, there are better opportunities for comprehensive material recovery and 

recycling. This could be very useful improvement that would help to reduce risks related to 

CRMs. 
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4 CIRCULAR ECONOMY  

 

Circular economy is an industrial economy system that can be described as closing the loop. 

Waste and emissions are decreased to minimum, and products that are ready to be discarded 

are used to produce new resources. (Stahel 2016) Ideally circular economy can offer people 

high-quality products that are effective and last longer. Cornerstones of circular economy are 

reusing, repairing and recycling. Moreover, shift towards circularity causes new business 

models, services and innovations to emerge. These new solutions generate new jobs, knowledge 

and skills. Eventually it is possible to achieve better quality of life through circular economy. 

(European Commission 2020a)  

 

Circular economy is getting more attention from different actors including academia, 

companies and policymakers. (Geissdoerfer et al. 2017) Also, the EU has shown interest 

towards circular economy and created the Circular Economy Action Plan which goal is to 

accelerate the change towards circular economy. The EU pursues a regenerative system that 

remains within planetary boundaries and that gives back to the planet instead of only taking. 

Reducing consumption and increasing circular material use are activities that should help to 

achieve circularity. In addition, to successfully adopt circular economy there is a need for 

cooperation between consumers, companies, economic actors and organizations. (European 

Commission 2020a)  

 

4.1 Principles of circular economy 

 

The aim in circular economy is to abandon the traditional take, make, dispose system and 

replace it with an industrial system that is restorative. Use of renewable energy is preferred and 

generation of waste is minimized. Circular economy strives to eliminate end-of-life concept 

and instead aims to restoration. This is done by smarter design of materials, products and 

systems; hence it opens possibilities for new business models. (Ellen MacArthur Foundation 

2013)  

 

There is not any universal definition for circular economy. Definition suggested by 

Geissdoerfer et al. (2017, pp. 759) clarify the concept well. They define circular economy as “a 

regenerative system in which resource input and waste, emission, and energy leakage are 
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minimized by slowing, closing, and narrowing material and energy loops. This can be achieved 

through long-lasting design, maintenance, repair, reuse, remanufacturing, refurbishing, and 

recycling.” In addition, Homrich et al. (2018) emphasize circular economy’s role as a solution 

for material scarcity and a “win-win approach” in economic and value points of view which are 

important aspects of circular economy. Suárez-Eiroa et al. (2019) argue that linear economy 

system consumes too much resources and produces waste and emissions excessively which is 

not sustainable for the planet. Thus, they state that circular economy should aim to decouple 

resource use and generation of waste and emission from economic development. They suggest 

that essential goal for circular economy is to keep consumption within planetary boundaries. 

 

To understand the concept of circular economy it is important to recognize that product lifecycle 

requires materials and consumes energy. In the linear take, make, dispose system materials are 

disposed in the end-of-life stage of the product and they cannot be used again, i.e. they are 

wasted. However, when product lifecycle is seen as circular less energy is required and the 

energy and value are kept within the loop as long as possible. Materials remain in the circle 

instead of being disposed in the end-of-life stage of product’s lifecycle. (Korhonen et al. 2018) 

This circular economy concept is illustrated in Figure 6 which clarifies the closed loops and 

resource consumption. 

 

 

Figure 6 Circular economy concept (Mihelcic et al. 2003) 
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The inner circles require less materials, energy, time and costs. Hence, reuse, remanufacturing 

and recycling are often more profitable and sensible options. (Mihelcic et al. 2003) Value can 

be maximized when the resources are kept in the inner circles for longer period of time. Thus, 

products should first be reused and if necessary, repair and refurbishment should be done. When 

the product is not viable for reuse anymore functioning components should be recovered for 

remanufacturing. When this is not possible recycling is the next option. At the disposal stage 

combustion to energy is better alternative than disposing to landfill because then the energy can 

still be utilized. By following this process, resources are utilized as much as possible which 

enables the best yield of value from the resources. In addition to economic benefits, this is also 

better for the environment as compared to the linear model. (Korhonen et al. 2018) 

 

According to Ellen MacArthur Foundation (2015) circular economy is based on three 

principles. First one is to control the finite natural resources and balance renewable resource 

flows. This means that renewable resources are favored whenever possible. In addition, 

conditions for natural regeneration should be created. Second principle is to utilize resource 

value by keeping products, components and materials in the cycle. As long as resources remain 

within the cycle, they are beneficial and are contributing to the economy. To maximize the 

resource’s time in the cycle repairing, remanufacturing and recycling are essential. Third 

principle emphasized the need to enhance effectiveness of the system by revealing and 

eliminating negative externalities. (Ellen MacArthur Foundation 2015) 

 

Circular economy emphasizes the value found within waste and by-products and encourages to 

utilize it in an effective way (Korhonen et al. 2018). To avoid waste generation, circular 

economy encourages towards product designs that take into account waste prevention aspect. 

Biological materials should be safe, and they should be able to be returned to nature without 

the risk of contamination. Technical materials, for example metals and polymers, are recovered 

for reuse and thus the retention of value in these materials is ensured. (Ellen MacArthur 

Foundation 2015)  

 

It is typical that in circular economy products are replaced by services. People do not have to 

own a product to use it, but instead products are leased, rented and shared. This changes the 

relationship between customers and companies. (Ellen MacArthur Foundation 2013) In these 
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collaborative models, instead of owning the product, customer only pays for the right to use the 

product. Also shared ownership is one possibility which still saves costs compared to traditional 

ownership. These different options reduce the number of physical products and resources that 

are needed. In addition, products are used in a more effective way as the downtime is decreased. 

(Ghisellini et al. 2016)   

 

Circular economy has lots of positive effects. The benefits are gathered in Table 5. Economic 

benefits are often emphasized the most, but also environmental and social benefits are found 

(Korhonen et al. 2018). The positive economic and environmental effects are mostly result from 

more efficient use of resources. Social benefits are related to the new possibilities that circular 

economy can offer e.g. new employment opportunities.  

 

Table 5 Economic, environmental and social benefits related to circular economy (Korhonen et al. 2018) 

Circular economy benefits 

Economic • Lower material and energy costs 

• Resource value is utilized more than once 

• Less value leaks and losses 

• Lower waste management costs 

• Reduced costs relating to environmental taxation and 

legislation 

• New market opportunities  

• Responsible image for a business 

Environmental • Less need for virgin material and energy 

• Less waste and emissions 

• Renewable energy and material use  

Social • New jobs from new uses of value in resources 

• More cooperation and participation  
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4.2 Resource recovery business 

 

There are two types of business models that are suitable for circular economy. First, models 

that promote reuse and prolong lifecycle with different actions like repairing, remanufacturing 

and upgrading. Second, models that focus on recycling and turn end-of-life products into new 

resources. (Stahel 2016) This section focuses on the latter. In the past and to some extent still, 

waste management is considered only as a way to get rid of waste materials. This is often done 

by incinerating or landfilling. However, it affects environment negatively and value of materials 

is lost. Fortunately, waste is beginning to be viewed as a possible source of resources and 

materials. This makes waste management and resource recovery an important part of circular 

economy that results in innovation of new resources. There is emergence of new companies 

that recover resources from waste with the help of new technologies. (Ghisellini et al. 2016) 

 

Resource extraction and processing are responsible for half of greenhouse gas emissions and 

over 90 percent of biodiversity loss and water scarcity. In addition, approximately 40 percent 

of manufacturing companies’ expenses are spent on acquiring materials. Circular solutions have 

the potential to help with this. (European Commission 2020a) According to Lacy et al. (2020) 

resource recovery will become more common as a result of resource scarcity and new 

regulations. An example of regulations is the extended producer responsibility that forces 

companies to arrange the disposal of their products. Furthermore, consumers become 

increasingly aware of waste problems and they induce pressure towards resource recovery. 

However, it should be noted that recycling and resource recovery are not the same thing as 

circular economy. Recycling is not the most optimal and resource efficient choice in order to 

maintain value and materials within the loop. (Ranta et al. 2018) 

 

Resource recovery is done in the end of the value chain as product is at the end of its lifetime. 

Then materials and resources can be recovered from the product. The goal of resource recovery 

is to maintain the value of the recovered resources as high as possible. (Lacy et al. 2020) 

Recycling and material recovering companies collect waste materials and process it into new 

materials (Ghisellini et al. 2016). Uncovering value in company’s outputs and discarded assets 

is the key in resource efficiency and recycling. In many companies, new products are produced 

by using materials recovered from old products and waste. Companies are innovating new 

solutions for successful resource recovery and utilization. (Valkokari et al. 2019) 
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Companies are recovering various different materials including materials from waste streams. 

Motivation for this is to capture new value from waste streams. Majority of companies 

nowadays have strategy for waste management which means that recycling business models 

are suitable for current procedures and are thus less disruptive. However, there is not enough 

infrastructure regarding to waste collection which makes resource recovering challenging and 

costly. Resource recovery will become more important as resource scarcity increases and 

regulations are being developed. New technology and innovations will make resource recovery 

more feasible. (Lacy et al. 2020) In addition, regarding to management of WEEE, knowledge 

and skills in the metallurgical and chemical field are required for successful circular economy. 

Recovering and separating materials are essential for circular economy, and there is a need for 

more research and expertise on the subject. (Stahel 2016) 

 

4.3 Change towards circularity 

 

Companies are facing new challenges as resource prices fluctuate and rise and at the same time 

competition intensifies (Ellen MacArthur Foundation 2013). EU advocates circular economy 

as they see it as a possibility to minimize generation of waste, lower carbon emissions and 

improve efficiency and competitiveness as an economy (European Commission 2018). The 

linear model is based on the availability of easy access resources and energy which nowadays 

and especially in the future is not self-evident anymore. Change of this system is necessary as 

only improving efficiency is not viable option on its own. (Ellen MacArthur Foundation 2013)  

 

Circular economy is a concept that supports the decoupling of wellbeing and resource 

consumption (Ghisellini et al. 2016). Benefits and cost savings from circular economy are 

mostly long-term whereas linear economy often strives for short-term success. Thus, there is a 

need to change the whole mindset of a company in order to accomplish transition to circular 

economy. The transition requires changes broadly as it influences all departments and activities. 

Also, stakeholders are a part of the change including customers, suppliers and owners. The 

advantages of circularity are not seen very rapidly and therefore the transition and adaptation 

requires time. (Ritzén & Sandström 2017) 
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When more recycled materials are used as raw materials, the need for virgin raw materials 

decreases. It can result in disruption in industries that manufacture or sell products as well as in 

raw material sales. Thus, new business models will emerge, new kinds of supply chains are 

needed and demand for different types of companies will occur. Consequently, there will be 

less need for linear business model companies. (Larsson 2018 pp. 169-170) 

 

There have been improvements in resource efficiency and new energy forms have been found. 

However, innovations and development regarding to decreasing material leakage and disposal 

are lacking. Systems that lean on consumption cause loss of value and other negative effects in 

the material chain. To have a more functioning system it should focus on restorative use of 

resources. (Ellen MacArthur Foundation 2013) Because circular economy differs from linear 

system and other sustainable development approaches as it includes reuse, refurbishment and 

recycling as well as services based on e.g. sharing and renting, there is a need to rethink many 

aspects. In order to implement circular economy, it is necessary to redesign and adapt product 

lifecycles, manufacturing processes and supply chains. (Homrich et al. 2018) Cross-industry 

collaboration and partnerships are increasing and enabling the development of circular 

economy. Materials can be used in different sectors to get best results. (Valkokari et al. 2019) 

New kind of cooperation is needed to successfully transition to circular system. 

 

4.4 Barriers to circular economy 

 

The concept of circular economy is getting increasing amount of attention and support, but still 

the implementation of the circular model is not very common (Kirchherr et al. 2018). In order 

to achieve notable shift towards circular economy it is necessary to take risks. To accomplish 

disruptive change, more substantial changes have to be made and that can be costly and require 

notable initial investments. Furthermore, circular economy is not well known and often 

understanding of the concept is inadequate. This makes the transition very difficult. (Ritzén & 

Sandström 2017) Hence outside encouragement would be beneficial. 

 

Although institutional aspects can encourage towards circular economy at the same time they 

also act as barriers that hinder the development of circular economy. Ideally different 

regulations, taxes, infrastructure and education would advocate circular economy. However, 

many regulations and other factors obstruct the transition and even strengthen the current linear 
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paradigm. (de Jesus & Mendonça 2018) There are institutional barriers in the EU that make 

adoption of circular economy more challenging. Prices of many virgin raw materials are low 

due to artificial reasons. This is a significant barrier influencing opportunities for transition to 

circular economy.  Energy used in production of virgin raw materials is often subsidized. It can 

hinder implementation of circular principles like reuse and recycling as it does not seem 

profitable enough. An option to change this would be to take into account all externalities in 

the products price. In addition, for example the EU could decide to support transition towards 

circularity with specific interventions. (Kirchherr et al. 2018)  

 

An example of legislation that makes circularity difficult is the waste legislation. It acts as a 

barrier to circular economy because the waste management industry is regulated strictly. When 

material is classified as waste it is complex process to get approval to use it as a resource. This 

makes it less appealing for companies to reuse materials as costs are high and the use of virgin 

materials is easier option. (Pheifer et al. 2017) Thus, resource recovery can be seen as 

inconvenient way to produce resources, and virgin raw materials are preferred.  

 

Poor transparency is a barrier that hinders the transition to circular economy. Transparency is 

needed in circular economy as prices should reflect the real value and costs. Price can be seen 

as a message of the real costs of a particular product, i.e. negative externalities should be 

included in the prices. Subsidies that distort the markets should be removed. (Ellen MacArthur 

Foundation 2015) At present the price of a product consists of material and marketing costs, 

also supply and demand have an effect on the price. However, costs caused by environmental 

and social harm are not added to the price. For example, deforestation and pollution of water 

do not have any defined costs and often local communities are left with the responsibility to 

manage them. In many cases these impacts do not remain local, but they influence globally, an 

example of this is climate change. To address the issue in a fair way that gives the same starting 

point for both linear and circular economy, a global treaty is needed. It could help calculate real 

costs of the environmental and social impacts. If ecological degradation and costs resulting 

from it would be considered, there would be significant advantages in circular economy when 

compared to linear economy. (Pheifer 2017) 

 

However, as the European Union is pursuing goals of their circular economy plan it is likely 

that some regulations and laws obstructing circular economy have already been removed 
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(Kirchherr et al. 2018). Regardless, the current situation should be improved further a lot. 

According to Pheifer (2017) financial incentives that encourage towards circular business are 

quite rare. Yet, there are plenty of subsidies and tax reliefs supporting unsustainable businesses, 

for example oil companies. This is very problematic as these companies often are highly 

profitable and at the same time they are causing damage and contributing to climate change.  

 

In conclusion, to achieve situation in which circular businesses have good opportunities and 

where sustainability is appreciated it is crucial to change some of the restrictions and subsidies. 

All costs of a product should be included in the price and this also includes the price of negative 

externalities. Unfair subsidies supporting unsustainable businesses and fossil fuels should be 

removed. And finally, laws that complicate circular businesses should be re-evaluated and when 

necessary, changed. 
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5 VALUE CREATION 

 

In this chapter different aspects of value creation are discussed. Business model canvas 

(Osterwalder & Pigneur 2010) is introduced since it can help in considering different business 

model related factors. Value creation, especially in circular economy context, is examined. 

Furthermore, the UN Sustainable Development Goals are viewed and their effect on companies 

is considered.   

 

5.1 Business Model Canvas 

 

Osterwalder & Pigneur (2010) have created business model canvas that helps to plan, design 

and understand business models. It looks into a business model systemically and can be a 

helpful tool in business model innovation. Business model canvas consists of nine parts that 

consider four main topics that are customers, offering, infrastructure and financial viability. 

(Osterwalder & Pigneur 2010) The canvas is presented in Figure 7. Since the business model 

canvas takes into account different aspects of a business broadly it is chosen to be used in this 

study. It is a good framework that guides the planning in a systematic manner. In this master’s 

thesis the main focus is on value proposition, but other areas of the canvas are also explored. 

 

 

Figure 7 Business model canvas (Osterwalder & Pigneur 2010) 
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Customer segments describe people or organizations that the company wants to serve as 

customers. Customers can be divided to segments according to their needs or behavior. 

Segments can differ from each other for example by need for different offering, distribution 

channels or type of relationship. They may also want to pay for different aspect of the offering.  

Decision on which segment or segments to serve is necessary as it enables the company to 

concentrate on particular needs of chosen segments. After the customer needs are known it is 

possible to build the rest of the business model canvas according to them. (Osterwalder & 

Pigneur 2010) 

 

Value proposition is the products and services a company offers. Aim of value proposition is 

to satisfy a need or solve a problem that customer has. Thus, value proposition has to be suitable 

for the desired customer segment for the customer to want to acquire the product or service. 

Value can be created from several different factors, for example newness, performance, cost or 

risk reduction, and convenience. (Osterwalder & Pigneur 2010) 

 

Channels consists of the ways that a company interacts with customers. Through channels a 

company delivers its value proposition to customer but also, communicates about its products, 

enables customer to buy the product and offers customer support. In planning of suitable 

channels, it is essential to consider in which channels customer segments want to be reached. 

Channels can be divided to own and partner channels, the latter are always indirect but own 

channels can be direct or indirect. Direct and own channels require the most effort, but can also 

have the highest margins, whereas partner channels offer lower margins, but partner’s strengths 

can be beneficial. Choice of channels should focus on offering good customer experience, but 

revenues need to be considered too.  (Osterwalder & Pigneur 2010) 

 

Customer relationships are relationships between a company and its customer segments. Aim 

of the relationship is often customer acquisition, customer retention or increasing sales. 

Customer relationship type should be decided by considering what are the expectations and 

needs of customer segments for the relationship. There are lot of relationship categories, they 

can be completely automated, or it can be personal human interaction, it can benefit from 

communities or be co-creation. Different customer segments may prefer different kind of 

customer relationships. (Osterwalder & Pigneur 2010) 
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Revenue streams describe how company earns money. Revenue stream consist of one-time 

payments i.e. transaction revenues or continuous payments i.e. recurring revenues, depending 

on the pricing mechanism. Possibilities for revenue streams are for example traditional asset 

sale, subscription, leasing, renting and licensing. Suitable revenue stream can be found when it 

is clarified what the customer is willing to pay for and how would customer want to pay. 

(Osterwalder & Pigneur 2010) 

 

Key resources are those assets that are needed to implement the business model and offer the 

value proposition to customers. In addition, key resources are used for maintaining customer 

relationships, reaching markets and generating revenues. Key resources can be both tangible 

including physical or financial resources or intangible including intellectual human resources. 

Essential key resources depend on business model and businesses have differing key resources. 

(Osterwalder & Pigneur 2010) 

 

Key activities represent the most important activities in order to implement the business model 

successfully. Key activities are needed to offer value proposition and generate revenue. 

Categories for key activities are production, problem solving, and platform or network. 

Production is important for manufacturing companies, problem solving is significant in many 

services and consultancy and lastly, platform and network are important for platform-based 

businesses for example software companies. (Osterwalder & Pigneur 2010) 

 

Key partnerships form supplier and partner network that is needed for the business to operate. 

Partnerships are created for three reasons. First, to optimize business models, this way company 

does not have to perform all activities and instead it can focus on its key activities. Secondly 

for reducing risks, strategic alliances can be formed even between competitors. Lastly, 

acquiring resources, company can broaden its capabilities by allowing other companies to carry 

out certain activities. (Osterwalder & Pigneur 2010) 

 

 Cost structure describes the costs that result from operation of the company. Costs are caused 

by value creation and its delivery, customer relationship maintenance and revenue generation. 

Business models can be divided to cost-driven and value-driven models. In cost-driven business 

model the aim is to minimize costs. Value-driven business model is more focused on delivering 
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premium value and personalized service. However, business model cost structures are usually 

a combination of these options. (Osterwalder & Pigneur 2010)  

 

5.2 Circular economy value creation 

 

The common goal of circular economy business models is to create value by using the same 

resources in multiple cycles and to reduce waste generation and consumption. In this goal 

closed loop supply chain is essential. (Lüdeke-Freund et al. 2019) Recycling is important factor 

in circular business models as in recycling the products are turned back to materials. The use 

of recycled materials and materials that are recyclable is preferred in circular business. (Ranta 

et al. 2018)  

 

According to Bocken et al. (2014), creating value from waste is one of sustainable business 

model archetypes. The principle is to transform waste streams into valuable and useful 

resources. Thus, it uses resources more efficiently and tackles under-utilized capacity. The 

business model of creating value from waste fits well in the circular economy paradigm as 

Bocken et al. describe its goals to be to find useful resources from waste streams and closing 

material loops. As a result, need of virgin materials decreases and resource efficiency increases. 

Laukkanen & Patala (2015) emphasize that this archetype aims to eliminate waste as it should 

be seen as valuable production input. They further argue that utilizing new technologies offers 

almost infinitely new business opportunities. Encouraging drivers are economic factors and 

extended producer responsibility.  

 

For business models that create value from waste it is common that they connect the supply 

chain’s downstream and upstream. Hence, it is necessary to organize reverse logistics that 

connects material streams and operators like users, material suppliers and component 

manufacturers. This connection enables the operations of businesses creating value from waste. 

(Lüdeke-Freund et al. 2019) 

 

Circular business model can help in value creation. For example, third party recycling can create 

new service segments. It offers new possibilities for value creation for recycling material users 

and providers. These can be for example improved reputation and better access to raw materials 

when virgin materials are substituted. (Lüdeke-Freund et al. 2019) Sitra (2020) describes value 
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creation in circular economy in its playbook that focuses on sustainable and circular economy 

businesses. Different aspects of creating value are described in sustainable value creation 

framework that is visible in Figure 8. It consists of four different factors: revenue generation, 

brand enhancement, cost savings and risk reduction. Those are evaluated on two axes: from 

tangibility and intangibility, and from reducing negative impacts to increasing positive impacts. 

(Sitra 2020) 

 

 

Figure 8 Sustainable value creation framework (Sitra 2020) 

 

First, the factors that increase positive impact are discussed. Revenue generation can be 

enhanced by increased sales, improved market access and new business opportunities that can 

help to extend product portfolio. Brand enhancement can improve company’s position in 

recruiting market as it can be seen as better employer, also employees may be more engaged to 

the company and employee retention can be improved. Investors can be attracted more as 

responsibility increases. 
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Factors that reduce negative impacts are cost savings and risk reduction. Cost savings occur 

when resources are used more efficiently, also as energy and materials are used less emissions 

decrease. Circular economy can help to reduce production and labor costs.  Moreover, selling, 

general and administrative expenses (SG&A) can be reduced. In risk reduction, reputation 

related risks can be reduced, and public perception of the company can be improved. Regulatory 

and political risks can be reduced significantly because new laws and regulations regarding to 

sustainability and circular economy are emerging constantly and preparing in advance can be 

beneficial. Moreover, risks related to operational and demand disruptions are less likely. 

 

5.3 UN Sustainable Development Goals 

 

United Nations (UN) presented Sustainable Development Goals (SDGs) in 2015. There are 17 

SDGs that include 169 targets, the goals are presented in Figure 9. They address all three 

dimensions of sustainability; economic, social and environmental development. SDGs are part 

of UN’s 2030 agenda for sustainable development. The agenda has ambitious goals to end 

poverty, ensure human rights and equality, protect environment from degradation, achieve 

prosperity for all, promote peaceful societies and encourage towards partnerships. Aim is to 

achieve these targets by 2030. The agenda is developed to benefit everyone, including also 

future generations. (UN 2015)  

 

 

Figure 9 UN’s Sustainable Development Goals (UN 2020) 
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SDGs are aimed for the entire world and it involves all countries. (UN 2015) The target with 

SDGs is to impact countries’ governments in such a way that suitable targets are decided 

nationally in each country. To achieve SDGs there are varying aspects each country has to 

consider; with developed countries focus should be on environmental targets, and with 

developing countries there is often a need to focus more on socioeconomic development. 

(Campagnolo et al. 2018) 

 

The 2030 agenda and its SDGs are not completely new ideas. They pursue sustainability and 

that has been done before. However, SDGs make enhancing sustainable development easier 

and clearer as they offer long-term targets that are presented in one place. It can be assumed 

that politics are following the 2030 agenda and SDGs. The goals are global and policy makers, 

civil society and private sector are all considered in the agenda. It is likely that SDGs offer the 

best long-term strategic view for business. Even if only part of the agenda is fulfilled by 2030 

it is still the best available guide regarding to political decision making and its impact on the 

market.  (Pedersen 2018) 

 

The agenda can increase risks for many companies as new and stricter regulations will be 

implemented and consumers are more aware of SDGs and sustainability and demand this from 

companies and their products. Added costs can occur to some companies if the energy or raw 

materials they use are not produced according to SDGs. Winners are those companies that 

deliver solutions that suit the agenda. For these companies SDGs can improve performance and 

enhance growth. (Pedersen 2018) 

 

SDGs do not legally oblige anyone, so it is possible that some may see free riding as a lucrative 

option. (Kurz 2020) However, many companies support the SDGs and include them in 

strategies and operations. To achieve the goals, most companies have to change their behavior 

and even the things they do, i.e. their business. (Pedersen 2018) Many companies in Finland 

comply with the SDGs including for example Kesko, Metsä Group and Fortum. They have all 

chosen specific goals that they contribute to. At their websites they explain in what ways they 

are promoting the goals. (Kesko 2020, Metsä Group 2020, Fortum 2020) 

 

Sustainability is a long-term trend that calls for right kind of action. Transitioning to 

sustainability is a slow process and thus, it is essential to start the changes fast. If company is 
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not prepared it can soon be too late to transform products, operations and company image. The 

2030 agenda should act as a motivation and guideline to evaluate goals, strategies and activities 

in companies. Business models should be assessed and if necessary redefined. The SDGs 

require companies to do big changes. To continue same way as before is not a wise choice, 

instead disruptive change is needed globally. Proactive action according to SDGs is necessary 

since they have an effect on all functions starting from resource extraction but including also 

for example services. Resorting to greenwashing will eventually result in losing money and 

missing opportunities. (Kurz 2020)  
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6 PRE-COMMERCIAL RECOVERY PLANT PROJECT 

 

In this chapter the recovery plant project is introduced. Alva and project partners are presented. 

In addition, hydrometallurgy that is used in the process is clarified and compared to more 

traditional pyrometallurgy. 

 

6.1 Introduction of the project 

 

In August 2020 Alva-yhtiöt Inc., Tapojärvi Inc. and Elker Inc. started a project that aims to 

create new type of commercially feasible urban mining recovery process for global WEEE 

recycling market. The recovery process aims to recover precious metals and critical raw 

materials from WEEE and to return them back to resource market or component production 

processes. The project is scheduled to take place between August 2020 and December 2021. 

This project is continuation for pre-feasibility study that was conducted between 2017 and 2018, 

and it complements aspects that were left open in the previously. Figure 10 describes the steps 

planned for the development of the process for the commercial recovery plan.  

 

 

Figure 10 Development steps of recovery plant and recovery process 

 

The vision is that the recovery process would be possible to be multiplied, scaled and installed 

anywhere in the material recycling market as a stand-alone solution. In addition to resource 

recovery, another aim is to remove hazardous chemicals e.g. flame retardants from the e-waste 

in a controlled way that takes account environmental aspects and ensures that hazardous 

substances do not end up in landfills or nature. At the early stages of the project focus will be 
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on recovery of precious metals and rare earth elements found in printed circuit boards, 

permanent magnets and NiMH batteries.  

  

Hydrometallurgical method has been chosen for the material recovery process. During the 

project the process is tested in an iterative way with continuous trial runs to optimize process 

steps and to realistically evaluate related opportunities and challenges. This gives valuable 

information about the process operations and requirements for planning the full-scale recovery 

plant. At the same time business aspects are also examined. WEEE market, competitors and 

potential customers are researched to help develop suitable business model for the recovery 

process. In addition, regulatory and legal requirements are explored. This all aims to provide 

reliable information that can help to decide whether the recovery process is commercially 

feasible and if it is sensible to implement. 

  

6.2 Alva – yhtiöt Inc. 

 

Alva offers water and energy solutions nationally in Finland and it is owned by city of 

Jyväskylä. In 2019 Alva had 239 employees. History of Alva starts in 1902 when Jyväskylä 

built a power plant that produced electricity by steam power. Currently, Alva has two power 

plants both located in Jyväskylä that are fueled mainly by peat and wood.  Alva produces and 

distributes electricity, heat and water. (Alva 2020)  

 

Alva has researched and developed recovery of critical raw materials from power plant fly ash 

since 2010. Alva is interested to recover CRMs also from other waste fractions like WEEE. 

This is seen sensible since obligations regarding to recycling are increasing and the market is 

growing which is a promising opportunity. In Alva’s strategy there is a goal to find new 

business regarding to circular economy and resource efficiency. One possibility to implement 

circular economy is the pre-commercial recovery plant project. It can offer a new business for 

Alva that has potential to grow globally. 

 

6.3 Project partners 

 

Tapojärvi is a Finnish family-owned mining and mill service provider. Tapojärvi has over 600 

employees that are working in 13 locations in Europe. Circular economy is one of their core 



53 

 

competences and they are focused on product development with other companies and 

institutions as they are involved in many research and development projects related to 

sustainability. Tapojärvi aims to offers and develops solutions that can utilize by-products or 

waste. Annually Tapojärvi handles more than 1 million tonnes of metallurgical slags. 

(Tapojärvi 2020a, Tapojärvi 2020b)  

 

Elker was founded in 2004 by three producer organizations. Elker is a service company that 

takes care of recycling of WEEE appropriately and reliably. The company organizes for 

example collection and transportation of e-waste, handles reporting and manages economics. 

They are responsible for various aspects regarding to WEEE producer responsibility in Finland. 

(Elker 2020) Elker has a lot of expertise on WEEE and they have knowledge and understanding 

of the WEEE market in Finland, Europe and globally.  

 

Alva, Elker and Tapojärvi form a consortium for this project. In addition, there is research and 

development partners involved. University of Jyväskylä and Elomatic Inc. are participating in 

the project. University of Jyväskylä and its chemistry facility is a central research partner in the 

development of the recovery process. Elomatic’s role is in the development of the process 

design. All the partners have knowledge and experience on some aspects that are needed in the 

project and hence, they are involved in the development process. 

 

6.4 Goals of the project 

 

Eventually the aim is to develop a feasible process that can be exported, multiplied, upscaled 

and downscaled. Goal of the project is to create global material recovery business. During this 

pre-commercial plant project, the feasibility is considered and evaluated and at the end of the 

project a decision whether to continue investing on this process is made. The project aim is to 

find out if it is a feasible idea to build pre-commercial recovery plant with a treatment capacity 

of 300 t/a of PCB, continue to work with the process idea and commercialize it.  

 

One objective of the project is to further develop the process model. With the continuous trial 

runs the targets for development are identified and process steps are optimized. Tests are 

supposed to ensure that the process is working appropriately and that the recovery rates for 
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materials are sufficient. If it is seen necessary, the theoretical process model can be changed 

according to test results to enhance the recovery process. 

 

Another objective is to plan preliminary business model for the recovery process. This also 

includes that competitive advantage is considered. Position of this process in the market 

compared to competitors is to be assessed. Potential partnerships and customers are also 

evaluated. Moreover, environmental permit process and waste legislation are examined. This 

master’s thesis is part of the aim to evaluate and plan the business side for the process and it 

also gives insights on the WEEE market, competitors and business model regarding to the 

project.  

 

6.5 Position in the value chain 

 

The lifecycle of WEEE is described in Figure 11. It starts from the production of electronic 

product, its sale and use. After use phase the product can either be returned back to sale and be 

reused or otherwise it becomes WEEE. After the product has become WEEE the next step is 

treatment of WEEE. In the treatment phase materials and components can be recovered for new 

products. Lastly, there is final disposal of WEEE. At this point the remaining materials end up 

in landfill and are not utilized anymore. (ITU 2016) Aim of the recovery plant is to recover 

materials for new products. The recovery plant is located in the treatment of WEEE phase in 

the value chain. It is marked with an orange rectangle in the next figure.  

 

 

Figure 11 Lifecycle of WEEE (ITU 2016) 
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Treatment of WEEE can still be specified a lot. Figure 12 introduces the principle of the 

treatment process in more detail. First WEEE goes through pre-treatment in which dismantling 

of the products is done. Components and other parts that can be re-used or that are made of only 

one material or require selective treatment are removed from the WEEE. Remaining parts are 

directed to material separation. In this phase mechanical, chemical and thermal separation can 

occur. In the material separation phase materials like metals are recovered and if necessary, 

taken to additional treatment. Outputs of the treatment are recycled materials, energy and 

disposable materials. (Ardente & Mathieux 2012) The recovery plant takes care of the material 

separation phase which is marked with orange in the figure. 

 

Figure 12 Treatment of WEEE (Ardente & Mathieux 2012) 

 

There are a lot of activities needed in WEEE treatment. Therefore, there is a need for partners 

that can be in charge of other aspects within the value chain. The recovery process only covers 

part of the treatment steps and hence needs other actors to be involved in the recycling process. 

This enables maintaining focus in core competences. 
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6.6 Hydrometallurgical methods versus pyrometallurgical methods 

 

In the recovery process developed by Alva and project partners, hydrometallurgy is used as 

recovery method. More common method for WEEE recovery is pyrometallurgy which is used 

by many competitors. There are considerable differences between those methods. 

Pyrometallurgy is a technology that utilizes high temperatures to extract metals. Pyrometallurgy 

was invented already in the ancient times and has been developed since then. (Habashi 2014) 

It is used a lot for recovering metals from WEEE. Usually pyrometallurgical processes include 

for example incineration and smelting. In the case of WEEE recycling, smelting is used most 

often. (Marra et al. 2018) In Figure 13 an example of pyrometallurgical process is portrayed.  

 

 

Figure 13 Example of pyrometallurgical process (Tuncuk et al. 2012) 

 

Hydrometallurgy has been invented later than pyrometallurgy. It was invented in the Middle 

Ages and history of modern hydrometallurgy starts in the 19th century when hydrometallurgical 

methods started to replace some of the pyrometallurgical methods as it is less polluting and 

requires less energy. (Habashi 2014) Hydrometallurgy has been gaining more attention as an 

alternative option for metal recovery. Still regardless of multiple studies, its industrial 

applications are not very common. (Marra et al. 2018) In hydrometallurgy leaching with 

different chemicals is done to dissolve materials from waste. Different chemicals are needed to 

extract different materials. (Kumar et al. 2017) Figure 14 show part of a hydrometallurgical 
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flow sheet. As can be seen, hydrometallurgical process is complex and includes a lot of different 

steps. 

 

Figure 14 Example of hydrometallurgical process (Dreisinger 2009) 

 

There are a lot of differences between hydrometallurgy and pyrometallurgy, Table 6 illustrates 

the features of both methods. As the process examples indicated pyrometallurgical processes 

are much simpler compared to hydrometallurgical processes. Hydrometallurgical processes 

require considerably less energy than pyrometallurgical processes, since it consumes a lot of 

energy to achieve the necessary temperatures. However, hydrometallurgy requires the use of 

different acids and other chemicals that are not needed in pyrometallurgy. (National Emergency 

Supply Agency 2017) In pyrometallurgy by-products (e.g. REEs) are lost in slags and residues 

(Dreisinger 2009). In addition, an advantage in hydrometallurgy is that the recovery rates of 

metals are high, and the process is easier to control (Marra et al. 2018). This can be significant 

advantage in resource recovery business. 
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Table 6 Comparison of pyrometallurgy and hydrometallurgy (Marra et al. 2018, Kähäri 2013) 

Pyrometallurgy Hydrometallurgy 

• Simple process 

• High capacity 

• Stable and solid slags 

• REEs are lost to slags 

• Creates hazardous gaseous emissions 

• Requires a lot of energy 

• Mechanical pretreatment for materials is 

necessary 

• Output metals have to be further refined 

to get pure metals 

• Challenging process conditions 

• High capital expenditure 

• Easier to predict and control 

• Low consumption of energy 

• High recovery rates and recovered 

materials are pure 

• Recovery of REEs 

• Low capital expenditure for small scale 

process 

• No gaseous emissions 

• Slow processes 

• Need of expensive reagents 

• Lots of liquid effluents (including toxic, 

corrosive, flammable reagents) 

• The process planning is complex 
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7 COMPETITORS 

 

This chapter presents six competitors that are recovering materials from WEEE. There are big 

competitors but also smaller companies and startups. Assessing the competitors and their 

operations gives an outlook on what is the competitive environment like in this particular 

market. The examined competitors have been chosen from different parts of the world to get 

understanding of the competitors globally. 

 

7.1 Boliden 

 

Boliden is a Nordic mining company that extracts, explores and processes different metals and 

it was founded 1920s. Its headquarters is located in Sweden and it has operations also in 

Finland, Norway, Denmark, Ireland, UK and Germany. Nowadays in addition to traditional 

mining, Boliden is also focused on recycling of metals. (Boliden 2020a) Boliden Rönnskär is a 

leading WEEE recycling facility as it produces 200 000 tonnes of copper, 400 tonnes of silver 

and 13 tonnes of gold annually. In addition, Boliden Harjavalta smelter also processes WEEE 

but in much lower quantities. Boliden processes WEEE using pyrometallurgy. They utilize their 

copper smelters in order to recover metals like gold, silver and copper from e-waste. The heat 

used in smelting process is then used in district heating and electricity production. The extracted 

metals are used as Boliden’s raw materials same way as primary metals. (Boliden 2020b, 

Boliden 2020c, Boliden 2020d) 

 

7.2 Umicore 

 

Umicore is a global company that is focused on material technology and recycling. It was 

founded in 1989 in Belgium. (Umicore 2020f) Umicore’s precious metals refining business unit 

operates a large recycling facility and Umicore is among the world’s market leaders in recycling 

precious and other metals from complex waste streams including e-waste. (Umicore 2020a) A 

notable part of the raw materials produced by Umicore is coming from recycled materials 

(Umicore 2020b). They are able to recycle over 20 different metals found from for example 

industrial residues, automotive catalyst and e-waste (Umicore 2020d). Umicore claims to have 

very high recovery rate and thus it can offer customers decent price for the materials. They 

consider this as a notable competitive advantage. (Umicore 2012) 
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Umicore uses both pyrometallurgy and hydrometallurgy in their material extraction processes 

aimed for e-waste. First, materials are processed in a smelter and the next phase is leaching and 

electrowinning. They can process different types of e-wastes and usually the recovered metals 

are gold, silver, copper and palladium. (Umicore 2020c) In addition to traditional purchase of 

e-waste, Umicore offers its customers services like for example metal transfers, leasing and 

repurchase. This can offer better solution for customer and decrease their need of employed 

capital. (Umicore 2020e) 

 

7.3 Mint Innovation 

 

Mint Innovation is a startup company founded in 2016 in New Zealand. They have one refinery 

in the UK and there are plans for other refineries in UK and Australia. The capacity of the first 

refinery is 20 tonnes a day and it is possible to increase it if that is seen necessary. (Palmer 

2020) Mint Innovation’s vision is to have small refineries that can serve locally and thus in the 

future have many refineries around the world. This would support circular economy locally. 

Another aim for the company is to keep costs low and operate in a sustainable way. (Mint 

Innovation 2020)   Currently Mint Innovation is especially concentrated on recovery of gold. 

They aim to expand their recovery to other metals and other materials in addition to e-waste. 

Mint Innovation is exploring recovery of for example palladium from automotive catalytic 

converters. (Frangoul 2020) 

 

Mint Innovation recovery process is based on both hydrometallurgy and biometallurgy. Using 

microbes in extracting of gold decreases the need to use strong acids. According to the company 

the metal recovery is greener due to their biometallurgy method. (Mint Innovation 2020) 

However, Mint Innovation still uses different kind of acids in other steps of their process 

(Palmer 2020). Regardless, this is one way for Mint Innovation to differentiate itself from 

competitors. 

 

7.4 ALBA Integrated Waste Solutions 

 

In 2018 ALBA Integrated Waste Solutions (ALBA IWS) opened recycling facility that 

processes different types of WEEE in Hong Kong. It is a joint venture of German recycling 
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company ALBA Group and Hong Kong-based recyclable collector Integrated Waste Solutions 

and it is the first WEEE recycling facility in Hong Kong. Focus of the facility is in large 

electrical and electronic equipment for example washing machines and refrigerators and the 

capacity is 57 000 tonnes a year. ALBA IWS also manages a WEEE collection system in Hong 

Kong. (Messenger 2016, Taylor 2018) 

 

ALBA IWS refurbishes appliances that are in a good condition and then they are donated 

forward. Appliances that can no longer be used are dismantled and sorted for recycling. The 

sorted components are shredded and further sorted. Result is metals and plastics that can be 

used as secondary raw materials. Components that cannot be processed in the facility are sent 

elsewhere for appropriate processing. ALBA IWS does not use pyrometallurgy and 

hydrometallurgy in their recycling process as they are more focused on refurbishment, 

dismantling and shredding. (ALBA IWS 2020, Messenger 2016)  

 

7.5 Enviroleach 

 

Canadian company Enviroleach was founded in 2016 and it concentrates on technologies 

related to extraction of precious metals. Especially extraction of gold is Enviroleach’s core 

competence. Enviroleach extracts metals from mined ores and concentrates but also from 

WEEE. Hydrometallurgical methods are utilized in the company’s extraction processes. The 

company emphasizes that it is not using cyanide in its processes and it is thus an 

environmentally better option compared to other recovery processes. Enviroleach opened a 

recovery plant for WEEE in the end of 2019 and it is located in Vancouver. Aim of the company 

is to expand operations globally. Furthermore, Enviroleach is developing gold leaching process 

that can be done in place which decreases the need to transport materials for recovery. 

(EnviroLeach 2020a, EnviroLeach 2020b) 

 

7.6 Dowa Eco-System 

 

Dowa Eco-System (DES) is Japan-based company and its operations are recycling, waste 

management and soil remediation. The company was founded in 1884 and at first it was a 

mining and smelting company. Since then DES has shifted its business more towards 

environmental businesses as in 1977 it started its recycling business. Currently DES is operating 



62 

 

in Japan and elsewhere in Asia, but it is aiming to be more global. DES is focused on recycling 

different waste streams and producing secondary raw materials and energy. (DES 2020a) One 

waste stream that DES recycles is WEEE. Different WEEE categories are handled, DES 

recycles for example mobile phone and computers but also home appliances like refrigerators 

and air conditioners. The recycling process includes disassembly of the products. According to 

DES the company is able to recover 22 different metals from WEEE and this is done by both 

pyrometallurgy and hydrometallurgy. It is not informed what the 22 metals are, but possibly 

some CRMs can be included in this. DES is also removing hazardous materials from the waste 

stream. Moreover, DES has logistics service of its own and thus it can offer transportation for 

the waste streams in addition to recycling. (DES 2020b, DES 2020c) 

 

7.7 Comparison of the competitors 

 

Big competitors Boliden and Umicore both use pyrometallurgy in their recovery processes, 

although Umicore also uses hydrometallurgy. A lot of the recovery is done in big smelters 

which are able to process large volumes of material and thus, these companies utilize economies 

of scales. Big volumes and economies of scale can be helpful factors, but it also results to a 

situation in which the WEEE must be delivered very long ways as there is not many recovery 

facilities since they are so large. Furthermore, it should be noted that with pyrometallurgy 

energy consumption is high and the recovery of critical raw materials is difficult. Umicore is 

the only company that mentions the recycling of CRMs specifically. Most of the introduced 

companies are most focused on refining precious metals like copper and gold and do not 

mention anything about recovering CRMs. 

 

Compared to other competitors discussed, ALBA IWS is operating a bit differently and their 

core competences are somewhat different than other competitors mentioned. ALBA IWS is not 

as focused on the actual metal recovery as other introduced companies but instead they do 

comprehensive disassembly to help with material recovery. However, the company still 

recovers some metals that can be separated in mechanical processes. As they send parts and 

components to other companies for refinery they can also be seen as possible partner instead of 

competitor. In addition, DES operates more broadly than other competitors, since it takes care 

of logistics, dismantling and recovery. Many of the companies only focus on material recovery 

process.  
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The business idea of Mint Innovation is quite similar to the recovery plant project. They aim to 

have small recovery plants in multiple places and countries. This is a clear distinction to bigger 

competitors. Smaller recovery plants can help to make operations more global as presence in 

each area does not require enormous initial investment. In addition, their process also utilizes 

hydrometallurgy. Mint Innovation does not recover CRMs which is a clear difference. 

Moreover, Mint Innovation utilizes biometallurgy which is not common among companies in 

this market. It may have positive effect on peoples view of the company as it is presented as 

more environmentally friendly method, but biometallurgy is still only a part of their recovery 

process. Enviroleach also plans to recover gold with a process that can be done in place without 

need to move WEEE. This is a very different way of operating as compared to big actors like 

Umicore and Boliden. 

 

Large companies can have a significant impact on the whole industry. In 2014 four big 

European metal refinery companies Boliden, Umicore, Aurubis and Glencore cooperated with 

European Electronics Recyclers Association (EERA) and Eurometaux. They defined 

requirements and governing principles for processing WEEE by developing WEEE end-

processing standard. (Eurometaux 2014) This shows that there are notable actors in the market 

that have a lot of leverage. They can influence the legislation and regulations which can be an 

advantage for them. It can make it more difficult for new entrants to emerge in the market as 

they do not have as much power, but on the other hand new entrants can have other advantages 

that big traditional actors cannot acquire. In addition, several of the examined companies had 

aspirations to broaden operations globally. It is possible that in the near future there is much 

more global actors in the WEEE recovery market.  
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8 RESULTS 

 

The interview results and Apple’s environment report are discussed in this chapter. The purpose 

of the interviews was to find out what kind of needs and demand there are regarding to recycling 

of WEEE and recovery of materials. Furthermore, aim was to find out how companies are 

viewing material recovery services and use of recycled materials. In addition to interview 

results Apple’s environmental progress report is introduced since it is a good example of a 

technology company that already is invested in material recovery.  

 

The five companies interviewed were manufacturers and sellers of electronic devices that have 

operations in Finland. The industry and size of these companies differed. Most of the companies 

operate in B2B markets but few companies also operated in B2C markets. Position and job title 

of interviewees varied. Some interviewees worked for example with environmental issues 

whereas others worked with quality related topics. Naturally, the job title affected the answers 

given as knowledge, expertise and perspective was different with different interviewees. 

However, it also brought diversity to answers and allowed a more comprehensive look on the 

topics. The interviews consisted of five different topics: circular economy and environment, 

WEEE, material recycling, CRMs, and the requirements for recovery service. Next, all the 

topics are discussed separately. 

 

8.1 Environment and circular economy 

 

Circular economy was something that each company contributed to at least to some extent. 

Companies offer products that have long lifecycles and moreover many interviewees mentioned 

that they offer services regarding to product life extension and maintenance. Also, some 

companies reuse products or parts of the products. Recycling was mentioned often. Recycled 

materials are used when it is seen possible and many products are recycled after use. A few 

interviewees mentioned that company is looking ways to increase recycling rate of their 

products.  

 

Regarding to environmental aspect many companies talked about legislation, regulations and 

permits. It was evident that those have a significant effect on companies, and they control the 

actions of companies a lot. EU’s intentions to transition to more circular economy was 



65 

 

mentioned by several interviewees. It is expected that the Green Deal and the Circular Economy 

Action Plan will affect companies in the future, for example with new regulations and stricter 

requirements for e.g. raw materials.  

 

It seems that sustainability report is seen as an important communication channel. That is the 

channel that companies can communicate their efforts about sustainability and circular 

economy. Thus, it is important that operations are reported in sustainability reports as that is a 

way to make those actions and efforts visible to company’s stakeholders. There is a need for 

specific and reliable data to comprehensively report about activities, since it is important that 

reporting is accurate and truthful. 

 

8.2 WEEE 

 

Among the interviewed companies, three out of five companies take back old products. Often 

this is offered as a separate service and only a portion of sold products return back to companies. 

Two companies did not take back old products at all. To recycle returned products, companies 

use specialized recycling companies. There are many difficulties in treating WEEE and it 

requires specific expertise as the waste legislation causes challenges to handling discarded 

products. For example, even transporting a broken part cannot be done without the waste 

legislation stepping into force. This is one reason why companies do not want to take old 

products back and instead customers are in charge of the disposal or recycling of their WEEE. 

 

According to the interviews, companies know the material contents of their products well. They 

are aware of what materials and amounts of those materials are in the products. It is known 

which materials are used in different components e.g. printed circuit boards. However, most of 

the interviewees did not see potential in their WEEE. It was not seen that recovery of precious 

metals or CRMs could offer economic benefits for the companies. 

 

Furthermore, problems related to logistics came up in several interviews. Transporting old 

products i.e. WEEE was seen difficult. Depending on the company, it is possible that products 

are located around the world and sometimes in places where infrastructure is very inadequate. 

Therefore, collecting old devices is thought to be very expensive. Some interviewees also raised 

concerns over negative environmental effects caused by transportation of these products. In 
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addition, waste legislation and the Basel Ban makes it difficult to transport products especially 

across country boarders. This makes recycling more difficult if it is not done in the same country 

where the product was used. 

 

8.3 Recycling of materials 

 

It appeared in multiple interviews that recycled materials are not perceived as reliable as virgin 

materials. Many interviewees emphasized the importance of functionality and reliability of the 

products and were somewhat suspicious whether the same performance could be achieved with 

recycled materials. However, many interviewees acknowledged that recycled metal’s features 

can be the same as virgin metal. In one interview came up the fact that the company prefers to 

use virgin materials as their properties and functionality can be trusted. Yet the company wants 

that its products are recycled after use for other purposes.  

 

During the interviews, plastics were mentioned by almost all the interviewees. Many companies 

have faced problems with recycled plastics as its features were not as good after recycling. For 

example, durability and fire endurance are often much lower with recycled materials. 

Companies have tried to use recycled plastic and encountered problems. Many companies told 

that they use plastic that is partly recycled as it has been noticed to be a functioning option. 

Plastics and packaging materials are definitely materials that companies told they recycle the 

most and recycling of metals was not that familiar for companies. 

 

It became evident during the interviews that the interest towards recycling varies between 

different branches of the industry. Some companies have customers that are very aware of 

sustainability aspects and require recyclability. However, few companies described that their 

customers are more focused on other things. One interviewee told that customers appreciate 

recycling of materials a lot and for this reason the company is especially careful when drafting 

contracts with suppliers to ensure the use of recycled materials. Another interviewee believed 

that future legislation and e.g. EU’s circular economy agenda will force companies to recycle 

materials more, also including metals and CRMs. 

 

The interviewed companies do not buy much materials themselves. Generally, they buy 

components from suppliers and do not handle raw materials by themselves. Hence, they see 
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that returning recovered materials would be complicated as materials would have to be returned 

back to component manufacturers. Especially as the supply chains for components are often 

long and complex. However, several interviewees mentioned that they can influence on their 

suppliers and it would be possible that suppliers bought the recovered materials and used them 

in new components. 

 

There was interest towards raising the recycling rate. However, there is a lack of a system that 

would oversee the use of recycled metals. Currently it is very difficult to find out if a metal or 

part of it is recycled. With most materials e.g. plastics, companies were able to tell exact 

percentage portion of recycled plastic in their products. For metals this is not currently possible. 

Perhaps as the recycled origin cannot be proven there is not any demand for recycled metals. 

As a result, recycled metals are not offered. To be able to communicate about the use of recycled 

metals and to report the improved recycling rate of used materials it would be necessary to be 

able to reliably show the origin of the metal and thus prove that it actually is recycled.  

 

8.4 Critical raw materials 

 

When it comes to CRMs, four out of five companies told they have faced problems related to 

availability or procurement of CRMs. Some companies had encountered plenty of challenges 

in this area. Purchasing volumes affect in the CRM market and big companies and industries 

have more leverage when dealing with suppliers. It is possible that this results to a situation in 

which small companies have notably more difficulties to ensure availability of these materials. 

All companies monitor the situation regarding to CRMs or component markets and the situation 

of their suppliers. Many companies are more focused on monitoring the availability of 

components and do not monitor CRMs separately. Monitoring of material markets is not seen 

as relevant since companies do not buy CRMs themselves. 

 

To ensure that operations are not disturbed by interrupted supply of CRMs, companies have 

safety stocks. Both components and materials are stored to be prepared for supply disruptions. 

Moreover, companies try to have alternative suppliers to reduce risks. Some interviewees 

mentioned that they prefer to have alternative suppliers in different countries to add reliability. 

The availability disruption risks are taken into account already in the negotiations and contracts 

made with suppliers. Many of the interviewed companies have even made or at least planned 
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changes to products because of CRM related challenges. Alternative materials are examined to 

make the procurement more reliable.  

 

Most of the interviewees thought that the availability of CRMs will decrease in the future. They 

also believed that prices of the materials will rise. Although many risks were identified and 

situation was expected to get worse, most interviewees did not seem too worried about the 

situation. Still, preparation for future changes was seen important. Being able to predict changes 

beforehand was seen preferable to be able to plan and prepare for future changes.  

 

8.5 Requirements for recovery service 

 

Recycling service that is based on the recovery plant project was interesting to majority of the 

interviewees, but attitudes towards it were a bit hesitant. Some of the interviewees thought that 

closing the loops in their products would be a good thing, but they thought that there were many 

challenges in implementation of this in their operations. One of the interviewees expressed 

interest to ensuring availability of materials. Other companies saw that the increased recycling 

and sustainability were interesting in the project and that they could add value for companies.  

 

There were expectations and requirements for the recycling of WEEE. Interviewees emphasized 

the importance of transparency and reliability of the recycling service. It is essential that the 

recovery rates are known and that customers can trust that recycling is done properly. 

Interviewees expressed that they want to know exact material output amounts. This is necessary 

also for companies’ reporting purposes. A few companies told that the entire recovery process 

have to be evaluated. For example, energy consumption needs to be examined to make sure that 

recycling WEEE with this particular process is in fact sustainable. 

 

One requirement that came up was that the recovered materials have to be pure so that they 

have the same qualities as virgin materials and thus they work reliably in new products. This is 

crucial for customers. In addition, data security of old products needs to be cared for. Some 

products that become WEEE can contain information that have to be destroyed and cannot 

spread to outsiders. Hence, it is important to appropriately handle the products and destroy 

information that is in the products. 
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The supply chains have to be well functioning. The WEEE must be collected and the recovered 

materials must be distributed back to component manufacturers. This can in some cases be 

challenging and there can occur complicated logistic issues. This was seen as a challenge by 

many interviewees. In addition, two companies mentioned that they would be interested in 

global operations. Advantage with comprehensive global actor is that customers that have 

products in many countries would not have to make separate contracts with different companies 

in each country. This would also decrease the need to transport WEEE across country borders 

for recycling. Moreover, customer company’s reporting about the recycling of their products is 

easier if one global actor can handle it and deliver related data at once. 

 

The interviewees were asked whether they see it valuable to use materials that have certificate 

of origin. Several interviewees told that currently it is very difficult to track the origin of 

materials especially when it comes to REEs. One interviewee mentioned that material tracking 

is still at its infancy. Couple of interviewees thought that the information of material origin will 

be required in the future and thus it would be beneficial already. All in all, there were 

perceptions that the certificate of origin would bring more value to companies, although some 

companies did not see it necessary.  

 

8.6 Apple Inc. 

 

Apple is a global technology company. It was ranked number one in Forbes listing of the 

world’s most valuable brands 2020. Apple’s revenue in 2019 has been 260.2 billion US dollars. 

(Forbes 2020) Thus, it is very notable actor in the technology industry. It could be said that 

Apple is a forerunner in many things including WEEE recycling and material recovery. 

Recently it has focused on recovering materials and using recycled materials in its products. It 

is even recovering and reusing REEs, which is not common among companies yet. To get a 

look on Apple’s actions regarding to recycling, its environmental report is examined next. 

 

Apple’s environmental strategy consists of three parts: climate change, resources and smarter 

chemistry. In the climate change part Apple aims to be carbon neutral by 2030, resources part’s 

goal is to use only recycled or renewable materials in products and packaging, finally smarter 

chemistry focuses on the safety of everyone that deals with Apple’s products including e.g. 
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recyclers. (Apple 2020b) In this study focus is on the resources part of the report as that includes 

information that is related to the recovery plant project the most. 

 

Future’s supply chain is seen as circular in Apple, the circular vision is portrayed in Figure 15. 

To achieve this the company has targets to reach. It looks for opportunities to source recycled 

and renewable materials responsibly and ways to use materials more efficiently. Products are 

made to last long by producing durable hardware and utilizing software to prolong product 

lifetimes. Repair network and refurbishing products for next users plays a part in this. 

Innovations for recycling are developed, and to utilize these innovations the collection of old 

products is enhanced. (Apple 2020b)  

 

 

Figure 15 Apple’s circular supply chain (Apple 2020b, pp. 31) 

 

To ensure that a particular material is recycled or renewable, Apple has created its own 

specifications for suppliers. Apple also encourages suppliers to acquire third party 

certifications. Both Apple’s own specifications and the certifications confirm that the material 

is recycled. Encouragement towards certifications is done since Apple wants that these 

materials are available for other companies as well. It is part of Apple’s vision that recycled 

and renewable materials would be available for all and that they would be preferred. Apple 

states that they are motivated to break barriers for other companies by looking for competitively 
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priced recycled material options and appealing to policy makers to improve the policies 

regarding to material recycling. (Apple 2020b) 

 

Many of the product components’ functions are based on REEs. Apple has worked on 

transforming the supply chain of REEs circular. According to the report, magnets already 

contained recycled REEs in small amounts, but it has not been acknowledged by manufacturers. 

However, merely recycled REEs have not been used by any manufacturer before. Apple 

managed to make completely functioning components from entirely recycled REEs. (Apple 

2020b)   

 

Apple addresses supply chain related issues. It explains that it has had to create completely new 

supply chain for recycled materials. It has connected different actors of the supply chain e.g. 

recyclers and component manufacturers and worked to trace the certified recycled material in 

all the supply chain phases. Development of this new supply chain also involves working with 

policy makers to enable easier movement of end of life products to recyclers but still keeping 

in mind safety aspects that for example waste legislation is promoting. Apple’s major final goal 

is to produce all products entirely from recycled or renewable materials. Currently Apple uses 

recycled REEs in its new iPhone models and headphone model. And in the future, it aims to 

increase this to other products, components and materials. (Apple 2020b)  

 

From the environmental report it is evident that Apple is investing in improving its circularity. 

The goal to only use materials that are either renewable or recycled is ambitious. It is likely that 

it indicates the future of the whole technology industry. Recycling materials in a comprehensive 

way can be the future of electrical and electronic devices. Also, recycling of CRMs will emerge 

which causes increasing demand for solutions able to recover CRMs. As an early actor Apple 

does important work by removing barriers regarding to recycling of materials. This makes it 

easier for other companies to follow the lead and be more circular in the future.  
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9 DISCUSSION 

 

This chapter introduces the business model created for the recovery plant. Value creation is also 

described. In addition, UN SDGs related to this particular case are discussed. The findings are 

based on the interview results and theory. 

 

9.1 Preliminary business model for the recovery plant 

 

In Figure 16 business model canvas for the recovery process business is introduced. It is the 

basis for preliminary business model for the recovery plant. An offering that is implemented as 

a service is the preferred solution in this business model. As the service model got some interest 

in the interviews, implementation of the recovery business as service-based model is the idea 

behind the business model presented. Service model supports circular economy’s principles 

well and makes circularity visible for the customers.  

 

 

Figure 16 Business model canvas for the recovery process business 

 

Identified customer segments are big global electronics manufacturers, smaller electronics 

manufacturers and component manufacturers. The most important customer segment is big 

global companies as they offer possibilities to establish global business operations and they 

generate WEEE more and thus are potential customers for service-based material recovery. 
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Smaller companies are still viewed as potential customers, but their needs are bit different 

which needs to be taken account. Component manufacturers can also be significant customer 

segment, but it requires more research as the attitudes and needs of component manufacturers 

are yet unknown. Nevertheless, this business model canvas is created primarily for big global 

electronics manufacturers and the ideas presented are based on the needs of big global 

companies. 

 

Value proposition is the main aspect that the interview results address. The offering in this 

business model is a service that enables closed loops for customer’s material use. Taking 

companies’ WEEE and extracting precious metals and CRMs from them to be used to 

manufacture new products is the main idea of the service. Reliability and transparency are core 

values for the business as those were matters that customers want and require for the service. 

The value that is offered for customers is improved sustainability by increased circularity. Risks 

related to e.g. legislation are decreased and the availability of CRMs is more secure. Hazardous 

substances are removed from the products and materials during the recovery process. Moreover, 

customers are able to increase their products’ recycling rate and their material circularity. All 

in all, the additional value that can be achieved can offer customer companies competitive 

advantage in the market. 

 

Customer relationships should be based on individual communication and tight contact. 

Building good service for customers should be done together with the customer. With big 

companies that have large volumes of WEEE this can be done. Supply chains can be very 

complex and requirements for the service and issues related to it can vary between customers 

and therefore close customer relationships enable finding out and fulfilling each customer’s 

needs. Furthermore, reporting about the process and the material outputs is an important part in 

maintaining the relationship as it gives valuable information to customers and can help to ensure 

that the offered service is reliable. 

 

Channels used for interaction with customers should be direct. To provide good service for 

customer it is essential to have good connection with the customer by communicating well and 

this can be achieved best with direct channels. In addition, reporting helps to offer transparency 

and additional information for customer and hence it should be included in channels. Reporting 

should be one communication channel. 
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The main key activity is the material recovery. The business is based on the recovery process 

and it enables the existence of the whole business. Functionality of the process is essential. In 

addition, reporting about the recovery process is important activity to support the process. It 

gives information to customer and it highlights the process and its benefits. 

 

Key resource is the intellectual property regarding to the process. It is the core competence for 

the recovery plant project. Intellectual property is collected during the project while the project 

is developed. Furthermore, the process equipment is essential resource as it makes possible to 

implement the process. 

 

Key partners are needed to have functional operations for the material recovery. Logistic 

partner is required to transport WEEE used as a raw material and to distribute the recycled 

materials to their next destinations. Other recyclers are also needed as partners. The WEEE 

have to be dismantled to separate e.g. the printed circuit boards for the process. WEEE consists 

of several materials and recyclers to recycle e.g. plastics are needed. Lastly, metal refiners can 

be necessary if the recovered metals need additional treatment before they can be utilized as 

secondary raw materials. 

 

Cost structure include costs that are caused by the recovery process. This contains all costs 

concerning investment and plant operations, for example chemicals, labor, electricity and 

maintenance. The collection and transportation of WEEE cause costs that are included in the 

cost structure. Lastly, if the raw material WEEE is bought it is a notable item of expenditure. 

However, if the recovery is offered as a service it is likely that materials do not have to be 

bought.   

 

Revenue streams consist of monthly payments that customer make in exchange for the 

recovery service. For each customer there should be a fixed price that is payed monthly. The 

payment covers recovering materials from customer’s WEEE and returning the recycled 

materials back to customer’s production process. There might be a need to adjust the pricing 

with smaller customer companies. If the volume of WEEE fluctuates a lot or is very seasonal it 

would be good to offer the service with pricing that is based on the amounts of recycled 

materials. 

 



75 

 

9.2 Value creation 

 

As considering the sustainability value creation framework fourfold table, the benefits i.e. the 

value that customers get from the recovery of materials from WEEE is more on the intangible 

side. However, at this point of the project the costs and revenues caused by the process are not 

yet clear and thus it is difficult to evaluate the economic factors that are closely related to the 

tangible values. Still, it should be noted that the recovery process likely has positive effects on 

the tangible side too. However, in this study only intangible value creation aspects have been 

identified in the framework. The benefits are described in Figure 17. 

 

 

 

Figure 17 Identified possibilities for value creation 

 

Brand enhancement is a significant aspect in the offering. By utilizing material recovery process 

and closing loops in material use customers can increase their responsibility. Customers also 

get valuable and useful data for sustainability reporting which can make reporting easier and 

give advantageous results for the report. If customers or their customers consider sustainability 

and circularity as important topics this can generate a lot of added value which can impact the 

whole brand and its value. To achieve the delivery of added value regarding to brand 

enhancement it is necessary to report about the recovery process and its outcomes 

comprehensively and reliably. The service needs to be transparent; the whole process impacts 
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on environment and the content and amounts of output materials must be proven. This way the 

customer can get maximum value of the service.  

 

Risk reduction can be highly beneficial for customers. The environmental regulations are 

becoming increasingly strict, new regulations are emerging and EU is more focused on making 

economy circular. These changes can intervene and complicate companies’ operations and 

business in general especially if companies are not prepared for them. By operating in a way 

that takes account environment and circular economy it is very likely that new regulations do 

not cause need to change operations. This way companies are ahead of the restrictions and can 

focus on their own business with more calm minds. Another risk to be reduced with the material 

recovery is supply risks regarding to CRMs. As observed in the interviews, companies face 

difficulties in supply of CRMs and precautions are made to avoid disruptions. If companies can 

use the same materials many times the need for virgin raw materials is decreased and problems 

in supply of them are not that crucial. Hence, material circularity can minimize the risks related 

to availability of CRMs. 

 

9.3  WEEE recycling and Sustainable Development Goals 

 

UN SDGs are a good tool to consider sustainability of a company and they can guide attention 

to important factors the company should consider in its action. Moreover, promoting the 2030 

agenda can help creating value to stakeholders. It is noticeable that the recovery plant and 

related business suit well the SDGs. From the UN SDGs the goals 3, 6, 8, 9, 10 12 and 17 

(Figure 18) are most relevant for this study and the project. Those goals are discussed in more 

detail next. However, each SDG is very broad and thus, not every aspect of the goals is 

addressed in this study. Following descriptions of the chosen SDGs are considered from the 

recovery process point of view and the most relevant things for material recovery business are 

emphasized whereas issues that are more related to for example governmental decisions are not 

discussed. 
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Figure 18 Target goals for the recovery plant project (UN 2020) 

 
Goal 3 focuses on health and well-being of all people. It considers many different aspects of 

heath including child mortality, epidemics and universal healthcare. The goal also includes 

reducing illnesses and deaths caused by hazardous chemicals as well as contamination and 

pollution of air, water and soil. (UN 2015) WEEE contains hazardous substances that can cause 

negative health effects and environmental problems. Therefore, appropriate management of 

WEEE is necessary and it can help to fulfill the third goal. 

 

Next is goal 6 that pursues water and sanitation to be sustainably managed and available for 

everyone. Quality of water must be improved for example by reducing pollution and 

minimizing hazardous chemicals and materials released. Recycling and reuse are to be 

increased globally. Water-use should be more efficient in every sector. (UN 2015) Recovering 

metals from WEEE can decrease the need for water-consuming and polluting mining. 

Removing e.g. hazardous fire retardants appropriately and safely ensures that those substances 

do not end up in wrong places and contaminate the water. Appropriate recycling and material 

recovery can prevent the contamination of surface and groundwater in developing countries. 

Overall, water consumption in resource recovery is lower than in virgin material mining and 

thus this supports the goal.  

 
Goal 8 pursues sustainable and inclusive economic growth, high employment rate and decent 

jobs for all. Economic productivity should be improved with the help of technological 
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development and innovation. Resource efficiency in consumption and production need to be 

enhanced and economic growth and environmental degradation must be decoupled. Actions to 

eliminate forced labor and slavery need to be taken, and child labor should be stopped in all its 

forms by 2025. (UN 2015) The recovery plant project is based on hydrometallurgical 

innovation. Its development and implementation have a good opportunity to improve economic 

productivity as business can be created from a waste stream and materials are used in a more 

efficient way. This is a way to promote decoupling of environmental degradation and economic 

growth. Furthermore, with appropriate management of WEEE it is possible to decrease the use 

of child labor in the developing countries since currently child labor can be used to dismantle 

WEEE exported to developing countries.  

 

SDG number 9 concentrates on resilient infrastructure, sustainable industrialization, and 

innovation. Reliable, high quality infrastructure regionally and across borders is called for. 

Industry employment and industry’s share of GDP should be increased. This goal aims to make 

resource use more efficient and increase clean and green technologies and production processes. 

(UN 2015) The recovery plant project can generate new jobs and have a positive effect on GDP. 

It surely pursues for more efficient use of resources since materials can be utilized multiple 

times. In addition, the improved availability of CRMs can be very beneficial for green 

technology companies.  

 

Reducing inequality inside and among countries is the aim of SDG 10. This goal takes account 

a broad range of different factors. One of the aims is to eliminate discriminating policies and 

practices and instead promote more fitting legislation, policies and action. Equal opportunities 

are called for. (UN 2015) Illegal e-waste trade is harmful for developing countries in many 

ways. It increases inequality if developing countries are forced to handle waste generated in 

developed countries. Therefore, recycling WEEE appropriately can help to enhance equality 

between countries and regions as there are proper WEEE management solutions available. 

 

Goal 12 is about ensuring the sustainability of consumption and production. The aim is to 

achieve sustainable use of natural resources and decrease the amount of waste by prevention, 

recycling and reuse. And to encourage companies, in particular big and global companies, to 

report topics related to sustainability as a part of their reporting. Goal includes spreading 

knowledge about sustainability and environmentally friendly lifestyle. (UN 2015) By pursuing 
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circularity in material use natural resources are used in a more sustainable manner. As 

mentioned in the goal, recycling is a good way to prevent generation of waste. 

  

Finally, goal 17 aim is to support implementation of sustainable development and global 

partnerships. This goal promotes spreading green technologies to developing countries. Global 

partnerships should be increased and made stronger. Sharing knowledge, expertise and 

technologies to support sustainable development is important. This goal emphasizes the need 

to spread technologies, well-being and other thing that help to support sustainable development 

to developing countries. (UN 2015) The projects goal is to establish global recovery process 

and there would also be demand for this solution in developing countries. The project has 

participants from different companies and a university, which enables sharing of knowledge 

and expertise during the project. The project is aiming to support sustainable development.  
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10 CONCLUSIONS 

 

WEEE is a significant and growing problem globally. The demand for new electronic products 

is increasing. Need for CRMs is high as they are widely used in new technologies and green 

innovations. WEEE recycling and material recovery is getting more attention and the industry 

is developing. The possibilities are acknowledged more than before. Companies show interest 

towards recycling of their WEEE. This indicates that there is a lot of potential in the WEEE 

market. Especially recovery of CRMs is done by very few companies. The recovery plant 

project has a good opportunity to seize on this situation. 

 

Interviews conducted gave good insights on companies’ views. Requirements and expectations 

for WEEE recycling and material recovery were found out and a preliminary business model 

utilizing these findings was developed. Competitors were assessed which provided observations 

about the WEEE market. It showed that there are many kinds of operators recycling WEEE and 

many of them are interested to operate globally. Examining competitor’s operations and 

recovery methods clarified which elements can act as a competitive advantage for the planned 

recovery process. In addition, viewing Apple’s environmental progress report illustrated 

Apple’s ambitious goals to use only recycled or renewable materials in the future. It indicated 

the future of WEEE recycling and material circularity and showed that it is very likely that there 

will be increasing demand for WEEE recycling. This is very promising for the recovery 

business. 

 

10.1 Answers to research questions 

 

What are the needs of customers regarding to resource recovery especially critical raw 

materials from WEEE? 

 

Companies are interested in improving recycling rate of their products. Circular economy is 

acknowledged in the operations of companies and interest towards closing material loops was 

shown. Currently metal raw materials are mostly virgin raw materials and often the origin of 

raw materials is somewhat unknown. Especially the origin of most CRMs is very difficult to 

find out and in addition CRMs are not recycled. However, problems regarding to availability 
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of CRMs are common and situation is expected to become worse in the future. Thus, the 

circularity of CRMs and precious metals is potential and promising business idea.  

 

Companies are making efforts towards becoming more sustainable and circular. The need for 

this is evident and many consumers require responsibility and sustainability from companies. 

This increases demand for sustainable and circular solutions. Companies are willing to make 

changes in their operations when their customers are asking for it. Furthermore, legislation and 

politics are directing companies towards greener operation methods. EU’s circular economy 

efforts are well-known, and they are expected to have significant impact on companies. The 

business environment is changing, and companies have to respond to that change.  

 

The requirements that companies have for resource recovery business are that the business has 

to be proven to be sustainable and transparency is called for. Information about the recovery 

process is needed, for example for companies’ reporting purposes. Recycling rates and material 

outputs must be known precisely i.e. green washing is to be avoided. Moreover, logistics can 

pose challenges when it comes to WEEE recycling as supply chains are complex and devices 

can be located in remote places. These are things that have to be solved in order to provide 

functioning service for customers. 

 

What are the needs and procedures for sustainable circulation of usable materials from WEEE? 

 

The environmental impact of the whole recycling process has to be known. It is not enough that 

materials are recovered from the WEEE. For example, logistics and energy consumption effects 

need to be evaluated and communicated. Recycling is not the ultimate goal if it is done in an 

unsustainable manner. Therefore, reliability and transparency are expected of the material 

recovery business. This can be shown e.g. by comprehensive reporting and appropriate 

certifications. Obviously, legal requirements have to be considered too. Legislation regarding 

to waste and environment is very strict and it is important to be fully aware of the related 

regulations and changes regarding to them.    
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What is a suitable business model for a recovery plant and how to create value for customers? 

 

Business model planned for the recovery plant is service based. Offering material recovery as 

a service makes circular economy and closing the loops visible. It allows materials recovered 

from WEEE to be used again in production of new products. Value for customers is created by 

enhancing the brand by improving sustainability and by reducing risks related to legal aspects 

and supply of CRMs. The business model canvas illustrated that there is need for many partners 

to make recycling of WEEE functioning including logistics and recyclers of other waste 

materials. Furthermore, individual relationships with customers and importance of 

comprehensive reporting were emphasized in the planned business model. 

 

What is the competitive advantage of the resource recovery plant? 

 

The competitive advantage for the recovery plant is the recovery of CRMs including REEs. The 

recovery of REEs is very rare and most of the competitors are only focused on precious metals. 

However, it is evident that there are a lot of challenges regarding to REEs for example EU’s 

security of supply, China’s big role in producer of REEs, rising prices and disruption in the 

supply. Offering a service that is able to recover REEs is a good way to differentiate from 

competitors and create more value for customers. 

 

Hydrometallurgy has several benefits compared to pyrometallurgy. As many big companies use 

mainly pyrometallurgy, there is a good opportunity to succeed with hydrometallurgical 

methods. Possibility to have small recovery plants in many places can offer significant 

competitive advantage. Since it makes recycling process easier and decreases need to move 

WEEE long distances. In addition, the recovery process is better for the environment when it 

comes to e.g. energy consumption and emissions.   

 

Lastly, the service solution is a way to contribute to circular economy. As circular economy is 

getting more awareness and is influencing politics more, there is growing demand for circular 

companies and products. Material recovery service is a great opportunity for electronic 

equipment producers that want to increase recycling and circularity within the company. The 

service makes material circularity visible and reliable which offers notable competitive 

advantage. 



83 

 

10.2 Limitations 

 

This is a preliminary plan for a suitable business model. As more information about the process 

itself is acquired the findings of this thesis should be critically evaluated. In addition, the 

economic aspects are not fully known yet, although there are expectations of cost-effectiveness 

and competitiveness. After they are comprehensively defined, the business model can be made 

more specific. However, this is a good starting point that indicates for example customer 

preferences and gives an outlook of the market. As the project progresses, there is still a need 

to plan the business model in a more comprehensive way that takes account the economic 

aspects more.  

 

Moreover, this thesis included interviews of five companies. While the interviews provided a 

lot of information, interviewing more companies could give more comprehensive results and 

raise up other topics. In this research, views of each company influenced the results fairly much 

as the number of interviews was limited. This should be kept in mind when interpreting the 

results. 

 

10.3 Future research 

 

As this study looked into electronic manufacturer companies’ needs, the need to find out 

component manufacturers viewpoints arose. The supply chains from raw materials to 

components to further finished products are often long and companies have limited chances to 

influence the component manufacturers and the materials used by them. However, there was 

some interest towards components that are produced from recycled materials among electronic 

manufacturers. Thus, it would be beneficial to see what the component manufacturers’ 

perceptions towards secondary raw materials and circular supply of materials are. Afterall, 

component manufacturers are one potential customer segment for the recovery process and their 

needs have to be examined. 

 

It seems that biometallurgy is increasingly getting attention in the WEEE recycling market. 

Like the example of Mint Innovation several companies are using biometallurgy and the 

possibilities for different biometallurgy recovery methods are being explored. There are also 

solutions where biometallurgy and hydrometallurgy are both used in the recovery process. 
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Biometallurgy can likely become more common and the development of it can be fast. Thus, it 

should be considered as a significant alternative recovery method that many competitors are 

using. The development of this method should be monitored to stay on top of the market 

situation.   
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Appendix 1. Structure of the interviews 

Interview questions 

 

Background information 

• Company and line of business 

• Interviewee’s name and job title 

• Is the company operating on B2B or B2C market? 

 

Environment and circular economy 

• How environmental aspects are considered in production of the company’s products? 

• How environmental aspects are considered in selection and use of materials? 

• In what ways the company is enhancing circular economy in its operations? 

 

Discarded devices (WEEE) 

• Are old/discarded products returned to the company as new products are sold? 

• How much products are returned to the company annually? 

o What is done with the returned products? Where do they end up? 

• What is the company’s view towards discarded products/e-waste? Is the company 

aware of how much valuable and useful materials these products encase? 

o If they are aware, what are the materials that are interesting for the company. 

• What challenges have the company encountered regarding to discarded products? 

• If discarded products are transferred to third party, does the ownership of the products 

and materials shift to the third party. 

• Does the company have instructions or requirements for the third party on how to 

handle the discarded products? 

• In addition to legislation, what are the main reasons discarded products are sold or 

offered to third party? 

 

 

 

 

 



 

Appendix 1. Structure of the interviews 

Recycling of materials 

• What is the company’s opinion on the use of recycled materials in their production? 

• How much is the company able to influence on their production process? 

• Is there value for the company if valuable/marketable materials are recovered from 

their discarded products? 

•  Is there value for the company if valuable/marketable materials are recovered from 

printed circuit boards of the discarded products and if these materials are later used to 

produce new components? 

• Is there reputational value for the company if materials that are economically feasible 

to utilize are extracted from discarded products and returned back to production 

process? 

• Is there any additional or reputational value if the company uses recycled raw 

materials in production? 

• The metals from this project’s recovery process have certificate of origin (i.e. their 

origin is known). If the company were to use this kind of metals in their production 

would it offer additional value? 

 

 Critical raw materials 

• How does the company monitor necessary critical raw materials and raw material 

markets’ operations and development? 

• Have the company identified risks related to availability of raw materials used in 

components? What kind of risks are identified, and how has the company prepared for 

the risks? 

• How does the company view the availability of critical raw materials in the future? 

• Have the company encountered challenges in availability of component or raw 

materials? What kind of challenges? 

• How is the company prepared for availability disruption of materials or components? 

• How is the company prepared for availability disruption of materials used in 

components? 

 

 

 



 

Appendix 1. Structure of the interviews 

Business (requirements for recovery service) 

• Is there an actor or activity that is missing that the company would want to use in the 

disposal of used electronic devices? 

• Is there an actor or activity that is missing that the company would want to use in 

ensuring availability of raw materials? 

• Are there problems regarding to disposal of discarded products or could the current 

methods be improved somehow? 

• If there were actor that offered recycling service for material recovery and enabled 

materials to circulate back to production, would the company be interested in this kind 

of service and under what conditions? 

• What requirements would company have for this kind of service? 

o Is the company willing to sell discarded products if there would be an 

interested buyer? 

  



Appendix 2. Use of critical raw materials in different industries (European Commission 2020b) 

   

 

 

 Aerospace 

/defense 

Textiles Electronics Mobility Energy-

intensive 

industries 

Renewable 

energy  

Agrifood Health Digital Constructi

on 

Retail 

Antimony x x  x      x  

Baryte    x x   x  x  

Bauxite x x x x x x x x x x  

Beryllium x  x x  x   x x  

Bismuth x  x  x   x x x  

Borate x  x x x x x  x x  

Cobalt x  x x x x   x   

Coking coal    x x x      

Fluorspar     x  x    x 

Gallium x  x   x   x x  

Germanium x  x  x x      

Hafnium x  x  x x   x   

Indium x  x   x   x   

HREEs  x  x x x x  x  x  

Lithium x  x x x x  x x   

LREEs  x  x x x x  x  x  
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Magnesium x  x x x    x x  

Natural graphite x  x x x x   x x  

Natural rubber x x  x    x    

Niobium x  x x x   x  x  

PGMs  x  x x x x  x    

Phosphate rock     x  x     

Phosphorus x    x  x     

Scandium x   x  x      

Silicon metal x x x x x x  x    

Strontium x  x  x   x  x  

Tantalum x  x  x x   x   

Titanium x  x x x   x  x  

Tungsten x  x x x   x    

Vanadium x   x x x  x  x  

 


