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Abstract. ICT is, at least to some extent, material, and different phases of the 
ICT lifecycle present us with different challenges related to the physical proper-
ties of ICT.  E-waste is a term used to describe discarded electronic and electrical 
equipment that is neither reused or repaired, nor refurbished. While it is clear that 
e-waste is currently mainly a big social and environmental problem, we also see 
opportunities in re-introducing materials from existing e-waste into the ICT sup-
ply chain. Although e-waste is a pressing problem, it can also be seen as, and 
become a resource.  The shift in perspective required is towards a life-cycle per-
spective on all materials in the production, marketing, and end-of-life processes 
of ICT artefacts.  A combination of Design for Repairability and End-of-life De-
sign can contribute to a set of electronics design guidelines that would meet cir-
cular economy principles. 
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1 Introduction 

Because of the abstract nature of ICT, many have long assumed that the negative social 
and environmental side effects of ICT are non-existent, or at least negligible given the 
immense potential of ICT to create wealth and prosperity and even to promote sustain-
ability [41, 16]. However, in recent decades it has become increasingly apparent that 
ICT is, at least to some extent, material, and that different phases of the ICT life-cycle 
present us with different challenges related to the physical properties of ICT. ICT prod-
ucts – such as mobile phones, servers, desktops and laptops – are produced by an in-
creasing number of different materials that need to be extracted from the earth in one 
way or another, usually with severe environmental, health and safety issues. Compo-
nents used in ICT products also need to be produced, and these components need to be 
assembled into the final product. In this phase, we are also presented with different 
problems related to social and environmental factors. It is in the use phase of ICT prod-
ucts where the social, economic and potentially also environmental benefits are reaped. 
However, we are also becoming increasingly aware of the energy consumption of these 
products. Although these products are becoming more energy-efficient by the day, the 
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quantity of ICT products is rapidly increasing, and the total amount of electricity needed 
for them to function also increases.  

While all phases of the ICT lifecycle are intimately connected, this chapter will focus 
on the disposal phase, or the of end-of-life (EoL) of ICT products, often termed elec-
tronic waste or e-waste. E-waste is a term used to describe discarded electronic and 
electrical equipment that is neither reused or repaired, nor refurbished [30]. According 
to the Solving The e-waste Problem initiative, e-waste should be defined as “all types 
of electrical and electronic equipment (EEE) and its parts that have been discarded by 
the owner as waste without the intention of re-use” (StEP). While we acknowledge the 
fact that e-waste is not entirely made up of ICT products, we mainly focus on ICT 
related e-waste in this chapter. Both since the majority of the products referred to as e-
waste are ICT products and also since this book has a focus on ICT. 

There are many reasons materials used in ICT products are not properly recycled. 
The main reasons include the complex material composition of ICT products, that make 
them virtually impossible to fully recycle, at least without the use of extremely high-
tech facilities. Such facilities can recycle between 70 and 90 percent of the materials in 
e-waste, but they only exist in few locations around the world (Sweden, Japan, Canada, 
Germany and Belgium). A second reason is the lack of incentive for ICT companies to 
design products for longevity, repairability, upgradeability, disassembly and recycling 
– rather than for cost-efficiency, performance, aesthetics and a relatively short useful 
life. A third reason is the lack of proper systems for recovery and recycling of e-waste 
in many places, and a lack of incentive for consumers of electronic goods to actually 
use these existing systems and hand back worn-out electronics. There are also other 
reasons that we have failed to create a circular system for ICT products with the accu-
mulation of e-waste as a result, including the use of virgin materials over recycled ma-
terials, short-term profits of exporting waste over long-term profits of keeping them in 
the cycle, and the overconsumption of new electronic products in the developed world. 

However, while it is clear that e-waste is currently mainly a big social and environ-
mental problem, we also see opportunities in re-introducing materials from existing e-
waste into the ICT supply chain. There are indications that the linear production system 
(i.e. take-make-waste) is not only inferior from a sustainability-perspective, but also 
that many elements (such as copper and gold) are getting increasingly profitable to re-
cycle rather than to extract from virgin ore [25]. Considering the three pillars of sus-
tainability (social, environmental, economic), we argue that with e-waste recycling we 
have a rare case of “win-win-win” synergies, as solving the e-waste problem will lead 
to economic, social and environmental benefits. 

This chapter will discuss e-waste from a social, environmental and economic stand-
point on both the local and global level. The principal areas of concern for this chapter 
are e-waste, sustainable development and resource use and reuse and these concepts 
will be briefly touched upon in the next section of the chapter. 
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2 Background 

Sustainable development is a term that was coined in the late 1980s and got its famous 
definition in the renowned “Brundtland report” Our Common Future [8]. Here, it was 
concluded that sustainable development should be seen as human development that 
meets the needs of the present without compromising the ability of future generations 
to meet their own needs [8]. Since then, sustainable development has become a 
buzzword with many different interpretations. What unites these interpretations is the 
fact that sustainable development is an assemblage of complex and interrelated social, 
environmental and economic aspects that need to be taken into consideration simulta-
neously. Despite the focus on different sustainability-related goals, in more recent dec-
ades, not least the Millennium Development Goals (MDGs) and the Sustainable Devel-
opment Goals (SDGs), sustainable development should not be seen as an end-goal or 
something that “can be achieved”, but rather as a process of continuous improvements.  

It is clear that the e-waste problem presents numerous sustainability-related chal-
lenges, as it affects the environment and human societies at both local and global levels. 
Turning to the SDGs, it is clear that the e-waste problem needs to be solved in order to 
reach some of them, most notably Goal 3, to “Ensure healthy lives and promote well-
being for all at all ages”, Goal 8, to “Promote sustained, inclusive and sustainable eco-
nomic growth, full and productive employment and decent work for all”, Goal 9, to 
“Build resilient infrastructure, promote sustainable industrialization and foster innova-
tion, ”Goal 11, to “Make cities and human settlements inclusive safe resilient and sus-
tainable”, and Goal 12, to “Ensure sustainable consumption and production patterns”. 
For a closer scrutinization of how the e-waste problem relates to the targets within each 
SDG, please see the UN Environmental Management Group (EMG) report “United 
Nations System-wide Response to Tackling E-waste” [51]. 

3 Resource Use 

As Meadows et. al. [38] famously announced in their 1970s report to the Club of Rome, 
there are Limits to Growth. Economist Hermann Daly pointed out in 1973, moreover, 
“in a finite world continual growth is impossible. Given finite stomachs, finite lifetimes, 
and the kind of man who does not live by bread alone, growth becomes undesirable 
long before it becomes impossible” [12, p.5]. These warnings, however, went largely 
unheeded. Instead, faith in technology as “an omnipotent deus ex machina who (sic) 
will get us out of any growth-induced problems” [ibid. p.5] continues to guide econo-
mists, technologists and politicians to this day. Daly’s ultimate and fundamental point 
nonetheless remains key: “nature really does impose ‘an inescapable general scarcity,’ 
and it is a serious delusion to believe otherwise” [ibid. p.8]. Dutch atmospheric chemist 
Paul Crutzen, by the turn of the millennium, had concluded that a new stage in Earth’s 
history had begun: the Anthropocene [10]. Defined as a new geological era, the An-
thropocene is characterised by the extent of man-made changes – not least to the 
weather system – our activities have effected upon the planet we share. The Great Ac-
celeration [48] of these changes since 1945, moreover, means that the modern period 
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“deserves to be marked off as different from what came before it in environmental his-
tory” [37, p.208]. The crucial point here is that although the Anthropocene is here to 
stay, the acceleration must stop, if humans are to be able to continue living on this 
planet in anything like the manner we have been used to over the last 10,000 years – 
i.e. in settled, civilised conditions supported by the planet’s ecosystems. 

Key to an understanding of these changes – and how to remedy them – remains 
economics. The production cycle of our economic growth model – how we make, use, 
and then discard things – is extremely inefficient, leading to massive and unsustainable 
resource depletion, and enormous amounts of polluting waste. As John Bellamy Foster 
[17] and others have outlined, our systems of production and trade are so divorced from 
the needs of the natural world - and so efficient at its use - that they are “killing the 
planet” [17, p. 8]. The core premise of this thinking is that we cannot continue to use 
natural resources in such flagrant and wasteful a manner as we have become used to, 
without devastating consequences.  According to the Global Footprint Network, “Hu-
mans use as much ecological resources as if we lived on 1.75 Earths” [19].  According 
to 2011 figures, the average American uses seven “global hectares”, compared to a 
global average of 2.7, so if we all lived like US citizens we would need four Earths, not 
one [36].  New economic thinking, including ideas like the steady-state economy [13], 
and the more recent ‘doughnut’ economics of Kate Raworth [42, 43], are complement-
ing the ambitions of supra-national bodies such as the UN and the EU to move toward 
a “circular economy” [7, 40] fundamentally changing the habits of industrial capitalism. 

As is becoming increasingly clear, moreover, “digital’s (growing) contribution to 
the ecological catastrophe unfolding in the 21st century” [29] cannot go unchallenged. 
The production cycle of digital devices is immensely wasteful. To take just one exam-
ple, over a billion iPhones have been made since 2007 using some 40 million tons of 
gold ore. How little of this is recycled is quite shocking, considering that gold was made 
trillions of years ago in the heart of exploding stars, later to coalesce into the rocks and 
dust from which planets such as ours were formed around our own, relatively young 
Sun. 

Perhaps the most extraordinary tale, however, concerning the resources used by our 
everyday technological devices, is that of Rare Earth Elements, or RREs. These are 
precious resources found in only a very few places on Earth, each fraught with prob-
lems.  China, which has the greatest sources of these precious materials, has either re-
stricted or blocked their export on a number of occasions. It is perhaps as much - or 
more - to do with these resources than the relatively cheaper labour that is behind the 
decisions of Apple and other smartphone manufacturers to base their manufacturing 
operations in China, rather than elsewhere [15, 26, 31, 57]. In the US, deposits of these 
materials are to be found, but only with relative difficulty, and thus expense. A Con-
gressional Research Service Report on Rare Earth Minerals [24] pointed out that in 
2011 96.9% of all Rare Earth Mineral production took place in China, where some 50% 
of global reserves are to be found, compared to only some 13% in the US, with the rest 
spread across the world, notably in Russia. 

Resource depletion is a growing problem for many industries. As the global popula-
tion rises, and the economic model of GDP growth encourages constant innovation, the 
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use of resources is increasing rapidly. This rapaciousness includes the depletion of met-
als, such as gold and aluminium as well as RREs, [15, 26, 31, 57], which are central to 
the production of ICTs. The recycling of e-waste, for the recovery of these minerals 
(urban mining), is thus a central concern for the electronics industry. 

4 The “e-waste problem” 

Having briefly touched upon some of the problems with e-waste, this section of the 
chapter will focus upon different sustainability-related (social, economic and environ-
mental) problems, both on a local and a global scale. 

E-waste, often referred to as the fastest growing waste stream globally, is a global 
problem with both local and global consequences. According to the Global E-Waste 
Monitor “the world generated 44.7 million metric tonnes (Mt) of e-waste and only 20% 
was recycled through appropriate channels” in 2016 [4]. The majority of the other 80% 
remains with the user [56], is thrown in residual waste (4%), is exported as second-
hand goods or illegally exported as e-waste to be informally recycled under inferior 
circumstances. The Global E-Waste Monitor records that the United States produced 
6.3 Mt of e-waste in 2016, of which only 1.4 Mt was collected (22%). Norway produces 
the most e-waste (28.5 kg per inhabitant), but it has one of the highest collection rates 
(49.2%). While the West has traditionally been the largest producers of e-waste, it is 
estimated that by 2030, China will be the biggest producers of e-waste, with over 28 
million tons produced each year. This makes China a bigger producer than all countries 
in the EU combined [58].  

A crucial aspect that has contributed to the e-waste problem is the fact that electronic 
goods have not and are not designed with longevity and recycling – but instead with 
attributes such as cost-efficiency, performance and aesthetics – in mind. Planned obso-
lescence also remains a key problem in the ICT industry [55, 3]. For example, many 
current smartphones are glued, rather than screwed together, making battery replace-
ment difficult and expensive. Diminished battery capacity is one of the primary drivers 
for replacement of the whole device [45]. In pursuit of cost-efficiency and performance, 
the material composition of electronic goods is also becoming increasingly complex. 
According to [35], a microprocessor used in desktops in the 1980s consisted of 12 dif-
ferent chemical elements. Today, a microprocessor is usually made up of as many as 
60, or more than half of all the elements in the periodic table. While high-technological 
facilities for recycling of e-waste do exist, as previously mentioned, they are few and 
can currently not keep up with the rapid technological developments within the ICT 
industry. 

While approximately 70 to 90 percent by weight of each electronic product can be 
recycled today, very few of these many different elements are actually recycled. For 
example, most, if not all, of the Rare Earth Elements (REEs) will end up in landfills 
because of the small amount used in each product [45]. REEs, such as iridium, palla-
dium and gallium, are elements used to give electronic products certain unique proper-
ties. The name is used collectively for Group 3 elements of the periodic table, and they 
are chemically similar and are often found together in the Earth’s crust [28]. While 
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these are used in very small amounts, the use of them gives rise to local environmental 
and social problems as well as global environmental problems. Many of these precious 
resources are found in only a very few places on Earth, each fraught with problems[47] 
have looked into REE extraction in China and conclude that refining REEs is a very 
energy-intensive process which often causes emissions into water and air due to heavy 
use of chemical materials being used in the process. In one of the largest REE mines 
(Bayan Obo in China), a large number of environmental and health issues have been 
identified due to the huge amount of gas, liquid and solid waste generated by the mining 
operation. Even in the few REE mines that do not contain radioactive elements (e.g. 
thorium), many environmental and health issues were identified. Many illegal mines 
also exist in China, where environmental, health and safety issues are more or less ig-
nored. China has also either restricted or blocked their export on a number of occasions. 

Many actors along the value chain of ICT products, moreover, have traditionally 
tried to avoid the responsibility of the e-waste problem. According to [50], only around 
20 percent of all End-of-Life (EoL) electronic devices are properly recycled, while the 
remaining 80 percent is shipped as second-hand goods to developing parts of the world. 
According to the Basel Convention, while the exportation of second-hand goods is le-
gal, exporting e-waste is illegal. However, only about two-thirds of the second-hand 
equipment is still functioning and sold in local second-hand markets. The rest is re-
paired and sold or ends up at local scrap yards. According to Basel Action Network 
(BAN), the biggest importers of e-waste are China, Pakistan and India, while the big-
gest exporters are the US, the EU and Australia. From the US, according to [33], be-
tween 50 and 80 percent of all e-waste is exported rather than being recycled nationally. 
The lack of sustainable e-waste management results in wide-scale environmental im-
pacts as well as health impacts to the people and communities working in or living near 
these sites [1, 2, 20, 31].  

According to the WEEE handbook, e-waste generally contains many different toxic 
substances, such as mercury, lead, chromium and cadmium, but also various other 
chemicals including ozone-depleting substances and flame retardants. The amount of 
toxic substances in e-waste vary, but generally speaking older equipment contains more 
toxic substances, but also more valuable materials, making these devices more attrac-
tive to informal recyclers. Many CRT (Cathode Ray Tube) monitors, for example, con-
tain valuable materials such as cadmium, which should only be managed by profession-
als. If humans or animals are exposed to cadmium, bones and kidneys can be affected. 
This substance is now banned by the European Restriction on Hazardous Substance 
Directive. While CRT monitors have been more or less phased out, flat-screen monitors 
can also be dangerous to handle, as they may contain mercury which is highly toxic and 
can cause damage to different vital organs in humans and animals. Also, this toxic sub-
stance can be passed on to children when breast-fed by someone who has been exposed 
to the substance. Cables and wiring are often informally recycled in order to extract the 
copper. Cables are often coated in plastics (incl. PVC plastics), and the fastest/easiest 
way to access the copper is to burn the plastic coating away. However, PVC release 
dioxins when burned, and these dioxins can affect the immune and reproductive sys-
tems of humans and animals. Other standard procedures include heating and manual 
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removal of components from printed circuit boards (PBCs), and acid digestion of com-
ponents, both of these with potential negative effects on the health of the workers. 
Needless to say, these workers are not trained to properly manage e-waste, but many 
(including children) are forced to engage in these activities to survive. 

This highlights another problem related to e-waste, namely that the whole problem 
is highly unequal from a global world-system perspective. Lennerfors et. al. [32] review 
the ICT lifecycle from a sustainability perspective, and present a critique toward re-
search, policy and practical initiatives that present ICT as a solution to different sus-
tainability-related problems. They see that while ICT in the use phase can be used for 
sustainability purposes (dematerialization, optimization, etc.) locally in the developed 
world, this also results in environmental degradation and social problems in developing 
countries where much of the extraction, production, manufacturing and disposal takes 
place. They argue that using ICT to achieve different sustainability-related problems 
usually resembles a “zero-sum game”, where developing countries suffer local envi-
ronmental and social problems in order to “keep the [developed] core green and clean” 
[23]. Thus, there is certainly an important aspect of global inequalities related to the e-
waste problem that needs to be taken into consideration. 

5 Initiatives to solve the problem 

There are several global initiatives that aim to regulate and create incentives for in-
creased circularity within the ICT industry. As of 2018, two-thirds of countries are cov-
ered by a national e-waste management policy. [4]. Almost all national and interna-
tional policies include a take-back system, often based on an Extended Producer Re-
sponsibility (EPR) clause, in which the producer or distributor is obliged to collect used 
electronic and electrical products for reuse and recycling. Even though “policymakers, 
producers and recyclers in various countries have created specialized ‘take-back and 
treatment’ systems to collect e-waste from final owners and process it in professional 
treatment facilities (... ) the collection and state-of-the-art treatment of e-waste is lim-
ited, and most nations are still without such e-waste management systems” [5]. In Swe-
den, where recycling is the norm [21], a sophisticated take-back system is implemented 
(El-kretsen), and where one of the few high-technological recycling facilities is located, 
only a very small amount of small electronic devices such as mobile phones are actually 
recycled. 

Perhaps the most well-known global initiative is the Basel Convention on the Con-
trol of Transboundary Movements of Hazardous Wastes and their Disposal, which 
came into place in 1992 and restricts the movement of hazardous waste from high-
income to low-income countries [6]. Of the high-income countries, only the USA has 
not ratified the Convention. In 1995, the Basel Ban Amendment was proposed, which 
would ban all shipment of e-waste from OECD countries to low-income countries, in-
cluding export for recycling, but this Amendment remains unratified, because not 
enough countries support it. The European Union countries and Norway and Switzer-
land have fully implemented the Amendment in their national legislation [46]. After 
the Basel Convention, the Partnership for Action on Computing Equipment (PACE) 
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was initiated. PACE is described as a "multi-stakeholder public-private partnership" 
where many different actors are represented, including producers, recyclers, research-
ers, environmental groups, and so on. The final guidance documents that were adopted 
by the parties in 2017 deals with environmentally sound management of end-of-life 
computing equipment. 

In the EU, a Waste Electrical and Electronics Equipment (WEEE) Directive in 2012 
promoted the “re-use, recycling and other forms of recovery of waste electrical and 
electronic equipment (WEEE) in order to reduce the quantity of such waste to be dis-
posed and to improve the environmental performance of the economic operators in-
volved in the treatment of WEEE” [14]. Another organization that focuses on e-waste 
is The International Environmental Technology Centre (IETC). Their focus is to pro-
mote environmentally sustainable technological solutions focusing on holistic waste 
management. To realize this vision, IETC provides support to governments that want 
to enhance their use of more sustainable practices, strategies and technologies. They 
focus on innovative waste prevention methods and technologies and aim to improve 
human well-being and reduce the impact of e-waste on climate change. IETC is a part 
of the United Nations Environment Programme (UNEP) and is located in Osaka, Japan. 
Another UN initiative is the Environmental Management Group, which was established 
in 2001. In 2016, they started focusing also on e-waste more specifically, by attempting 
to strengthen collaboration between different policy initiatives within the UN, and to 
support already existing initiatives and projects related to design and life cycle ap-
proaches for sustainability. 

There are other initiatives aiming to solve problems related to e-waste, or to design, 
use, and dispose of electronic equipment in ways that promote circularity and sustain-
ability. Examples include The UN agency International Telecommunication Union 
(ITU), The International Solid Waste Association, responsible for the well-known re-
port the Global E-Waste Monitor, first released in 2014, Solving the E-Waste Problem 
(StEP), and more. Another central initiative that works for sustainability in the ICT 
industry more broadly, but also specifically targets the e-waste problem is the Karls-
krona Manifesto for Sustainable Design. According to the manifesto, not only produc-
ers of hardware are responsible for sustainable design of technology. Rather, software 
practitioners who design software systems that “run our world” also have a big impact 
on the sustainability of ICT and other technological devices. Finally, the International 
Federation for Information Processing (IFIP) has recently taken a stance in the e-waste 
discussion with the IFIP Position Paper on e-waste. The work on this paper began in 
IFIP’s Technical Committee 9 in the Autumn of 2017, led by David Kreps, with the 
goal of setting out some of the details of the problem, as it currently stands, and what 
role IFIP affirms it can play in trying to redress it. Here, just like in the Karlskrona 
Manifesto, IFIP establishes which actor (e.g. users, designers and producers of ICT 
products) has the responsibility for what aspect of the e-waste problem, and how each 
actor can take their responsibility [30]. 
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6 E-waste as a resource 

While the magnitude of the e-waste problem is growing, much current research is show-
ing that there are many benefits in recycling e-waste, and the recovery of precious ma-
terials such as plastic, iron, platinum, copper, aluminium, gold, silver and palladium. 
While finding a solution to the e-waste problem is likely to be costly initially, there are 
thus important synergies that need to be taken into consideration. Since virgin materials 
have traditionally been both cheaper and of better quality than recycled materials, ini-
tiatives for ICT companies to adopt more circular business models have been driven 
either by good will/CSR or by regulations. According to [58] Zeng et al. (2019), much 
research has focused on how to recover different types of materials from e-waste. How-
ever, few studies have focused on the economic feasibility of recovering such materials 
from e-waste rather than from virgin – mined - materials. Recently, however, it has 
been suggested that many precious metals (such as gold and copper) are becoming 
cheaper to extract from e-waste than from virgin ore. The biggest potential for recycled 
materials compared with virgin materials is according to [22] that the content of pre-
cious metals in e-waste is usually much higher than in virgin ores. This means that 
while ore usually exists in larger quantities in each specific location compared with e-
waste, it can be very profitable to extract metals from e-waste instead, given that it is 
possible to gather large enough quantities [11]. According to Cucchiella et al. CRT 
monitors, smart phones, LCD TVs, cellphones and LCD notebooks are probably the 
products with most potential to be profitable when recycled, due to the high amount of 
precious materials in them [11]. The Global E-waste Monitor [5] concludes that the 
total value of all raw materials present in e-waste is estimated at approximately €55 
billion in 2016. However, Cucchiella et al. [11] estimate that the potential profit from 
recycling materials in e-waste is €2.15 billion. This much lower figure is affected by a 
number of factors such as transportation, collection rates, etc. However, given the in-
creased interest in circular business models, and increased regulatory pressure, it would 
be surprising if not more ICT companies started to see the potential of e-waste as a 
resource in the near future. After all, the ICT industry is heavily dependent on metals 
such as copper and gold and utilizes about 30 and 12 percent of the total consumption 
respectively [58]. 

According to the WEEE handbook (p. 5), “from a resource perspective, e-waste is 
an urban mine providing tremendous resources for manufacturing and refurbishing”. 
Zeng et al. [58] argue that as virgin-mined materials are getting more expensive, and e-
waste more easily accessible, recycled materials will soon be more profitable than vir-
gin-mined materials. They show that in China, a country with large quantities of e-
waste available for recycling, pure gold and copper recovered from e-waste is now 
cheaper compared with virgin mining of ores. More specifically, 

the cost of urban mined gold from [e-waste] has been far lower than the world 
commodity price each year, and is falling as per the learning curve associated 
with the processes of demanufacturing involved. By 2015 the estimated cost of 
urban mined gold had fallen to US $1,591 per kg in 2015, compared with the 
world commodity price of just under US$4,000 in the same year [58]. 
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As China will soon be the biggest importer and producer of e-waste, the economic 
benefit of recycling will most likely increase in the future, given the investment in 
proper recycling facilities. Zeng et al. [58] argue that this could also be the case for 
other materials and in other geographical contexts. However, at the moment many 
OECD countries lack the required infrastructure and collection systems, making alter-
natives to formal recycling more attractive, as they provide a smaller but immediate 
short-term benefit [25]. 

There are obviously many other benefits to recycling materials found in e-waste. For 
example, metals can be extracted from e-waste with far less environmental impact than 
by extracting the same amount of metals from ore, given that the waste is formally 
recycled. The approximate content of different metals in e-waste is often known be-
forehand, making the refining process more efficient. Furthermore, much less solid 
waste material is generated from extracting metals from e-waste compared to from vir-
gin ore [25]. There are also obvious social benefits from formal recycling, such as the 
cleaning up of “e-waste villages”, and replacement of harmful informal recycling prac-
tices with formal recycling. Two problems that arise with increased formal recycling is 
that initial costs are high before proper regulations, take-back systems and recycling 
facilities are in place; that many people today make a living out of informal recycling 
practices; and that take-back systems and regulations need to be more impactful than 
they are today. As emphasized by [25], increased recycling rates and improved pro-
cessing of end-of-life products are necessary in order to achieve sustainability in metal 
life cycles. 

7 Conclusions 

In conclusion, it is clear that although e-waste is a pressing problem, it can also be seen 
as, and become a resource. The shift in perspective required is towards a life-cycle 
perspective on all materials in the production, marketing, and end-of-life processes of 
ICT artefacts.  
Such a perspective includes attention to: 

• Sustainable (social + environmental + economic) extraction of materials (both virgin 
materials but more importantly from existing (e-)waste). 

• Sustainable production of hardware and software (for repair, longevity, dismantling, 
upgradeability, etc.) 

• Reparation and refurbishing of discarded products 
• Effective take-back systems 
• Effective dismantling and separation of precious materials (e.g. iron, platinum, cop-

per, aluminium, plastic, gold, silver, palladium and more). 
• Re-use of precious materials 

Any attempt to address the issue of electronic waste and sustainability needs first, there-
fore, to consider the interdependence of the different aspects of the issue as discussed 
in this chapter: design, resource depletion, environmental degradation, and human 
health impacts are all interwoven. For example: 
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• Design for repairability can extend the lifespan of ICTs through plug-and-play up-
grades and improvements, both hardware and software [27], as well as a modular 
design that encourages repair [9]. 

• End-of-life design results in a less complex disassembly process and less scrap [53]. 

The combination of Design for repairability and End-of-life design can contribute to a 
set of electronics design guidelines that meet circular economy principles [7]. In addi-
tion, a Best of 2 Worlds (Bo2W) approach, in which informal disassembly of electron-
ics is combined with formal high tech recycling, may diminish health and environmen-
tal impacts [54]. 

These changes are challenging, but not insurmountable. They will need to be sup-
ported by supra- and national policy and regulations, encouraged by taxation and other 
levers of behaviour change; and CSR.  They will increasingly be driven by virgin re-
source scarcity. 

The responsibility for rising to these challenges lies, therefore, with the ICT industry, 
first and foremost, but also with policymakers and governments, ICT professionals 
working in the industry, and ultimately the users/consumers of ICT products, who can 
help to drive change through consumer choice. Lastly, waste handling companies must 
be engaged more by the industry, to ensure their own requirements are built-in to the 
design of artefacts, streamlining the life cycle from design to disassembly. 
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