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Introduction 
 

Waste electrical and electronic equipment, commonly known as WEEE, 

electronic waste, or e-waste, is a pressing global concern. Defined by the Basel 

Convention as “discarded electrical or electronic equipment, including all components 

and consumables”, e-waste encompasses a wide range of products and represents the 

fastest-growing waste stream in the world. In 2019, 53.6 million metric tonnes (Mt), 

with an average of 7.3 kg per capita of e-waste were generated. Furthermore, 

projections indicate that e-waste production is estimated to rise to 74.7 Mt by 2030 and 

110 Mt by 20501.  

E-waste can lead to significant health and environmental risks due to hazardous 

components and compounds present in its composition, such as mercury, lead, and 

flame retardants. Consequently, the Environmentally Sound Management (ESM) of e-

waste is crucial for its proper and safe disposal, and effective policies and regulatory 

frameworks to address the management of these hazardous substances are extremely 

and urgently needed. Several countries face the challenge of improper e-waste 

management, particularly in developing regions of the globe. In 2019, only 17.4% of the 

total e-waste generated was collected and recycled, which corresponds to 9.3 Mt out of 

the 53.6 Mt generated. Furthermore, only 78 out of the total 195 existing countries 

currently have specific policies, legislation, or regulations concerning e-waste 

management in place2.  

The rising volume of e-waste can be attributed to a number of reasons. 

Technological improvements, fueled by global development and innovation, have 

gradually enhanced the accessibility and affordability of electronics, leading to higher 

consumption rates and shorter product lifespans. Furthermore, the growing popularity of 

the Internet of Things (IoT) and the increasing number of Internet users also contribute 

to the increasing demand for electronics. Reduced prices and simple upgrade choices 

 
1 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 23.  

2 Ibi, p. 14. 
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encourage users to replace their electronic devices on a regular basis. Population growth 

and growing urbanization exacerbate the e-waste problem even further, as people in 

cities consume and discard electronic products at an unprecedented rate.  

As the Earth’s resources become more depleted and the ICT industry develops at 

a rapid pace, it becomes clear that the linear “take-make-waste” model of consumption 

is no longer sustainable, especially with regard to the e-waste issue. The adoption of a 

circular economy model emerges as a pivotal approach to foster a more sustainable 

electronics industry and more sustainable End-of-Life (EoL) practices. This model 

prioritizes resource regeneration and the minimization of waste while maximizing 

efficiency. The implementation of closed-loop methods for longer lifespans and 

recyclability of electronics are key components of the circular manufacturing of 

electronics.  

Within this context, the concept of green ICT emerges as a crucial component of 

the transition to a circular economy and consequently to a sustainable e-waste 

management. Green ICT is the practice of utilizing information and communication 

technology in an environmentally sustainable manner in the context of electronics 

manufacturing, use, and disposal, with the goal to minimize the negative impact of ICT 

on the environment. Indeed, the ICT industry is constantly developing, with projections 

showing that by 2025, it will be using 20% of the world’s electricity3. The use of 

electricity is evidently related to the release of greenhouse gas (GHG) emissions, which 

currently contribute to 2% of global emissions specifically attributed to the ICT sector4. 

The more the ICT sector is developed, the higher the energy consumption and the 

release of GHG emissions. Simultaneously, the more the ICT sector is developed, the 

more e-waste is generated, emphasizing the urgent need for proper management. 

On the one hand, green ICT practices hold the potential to improve the overall 

environmental performance of the ICT sector, which significantly contributes to global 

emissions. On the other hand, the implementation of green ICT practices can benefit e-

waste management, as it fosters the circularity of electronics. Therefore, a dual 

 
3 International Telecommunication Union, ITU Publications, Turning Digital Technology 

Innovation into Climate Action (Geneva: ITU, 2019), p. 9. 
4 R. Liu, P. Gailhofer, C. Gensch, A. Köhler, and F. Wolff, Impacts of the digital transformation 

on the environment and sustainability: Issue Paper under Task 3 from the "Service contract on future EU 

environment policy" (Oko-Institut e.V., 2019), p. 78. 
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approach must be pursued, involving both the greening of the ICT sector itself and the 

greening by ICT for a more circular value chain for electronics. 

The case of East Asia is particularly interesting in the context of e-waste 

management, given its status as a major e-waste generator, different levels of progress 

among countries, and its forefront role played in green ICT practices. 

This thesis will explore the intersection between green ICT solutions and e-

waste management, with a focus on specific East Asian countries, namely Japan, The 

Republic of South Korea, China, the Republic of China (Taiwan), and the special 

administrative region of Hong Kong.  

Through a combination of primary and secondary data analysis, as well as 

qualitative research methods, this thesis investigates the global e-waste issue while 

assessing the impact of green ICT practices. The primary data sources used include 

reports by international organizations, such as UNEP, ITU, and UN, and official 

government publications, including regulations, policies, and white papers. In order to 

identify relevant policies and regulations in the East Asian countries in object, a 

qualitative research approach was employed using the Compliance and Risk (C2P) 

database platform. The relevant policies identified are listed in the Appendix and 

organized based a) on the country of origin and b) based on their year of entry into 

force, thus they follow a chronological order. These policies were also used to create 

figures that show the evolution of policies and regulations in each country in object 

(Fig. 2.1-2.5). It is important to note that the inclusion of policies is subject to the 

availability and updating of the C2P platform and that the policies and regulations 

identified are limited to those pertaining to the topics of e-waste, circular, economy, 

hazardous waste (including e-waste), and related subjects. The comparison and 

assessment of regulatory frameworks were based on the e-waste matrix provided by the 

International Telecommunication Union (ITU). The secondary data analysis involved 

the analysis of reports by international organizations and government publications, 

which provided data and statistics on the global e-waste issue. Using the data available, 

relevant future projections were derived. However, these projections rely on 

assumptions based on current trends, and could therefore be unprecise.  
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Chapter one provides an overview of the e-waste problem, introducing its 

magnitude and impacts on the environment. It explores the factors driving the growing 

volume of e-waste, highlighting the implications of unregulated e-waste disposal and 

the need for a circular economy approach in e-waste management. The chapter also 

explores the international legal framework for e-waste management and the concept of 

Extended Producer Responsibility (EPR). 

Chapter two focuses on the specific context of e-waste management in the East 

Asian countries in object. It investigates regional e-waste management systems and 

provides an in-depth analysis of the regulatory frameworks in Japan, China, Taiwan, 

South Korea, and Hong Kong.  

Chapter three investigates the role of digital technologies, more specifically 

green ICT solutions in tacking e-wasta management challenges. It provides an overview 

of green ICT practices used for e-waste management, highlighting their positive 

implications on e-waste prevention, collection, and treatment. The chapter also analyzes 

the challenges associated with digital solutions and examines their adoption in the 

countries in object. 

Finally, Chapter Four focuses on the intersection of Sustainable Development 

Goals (SDGs), green ICT, and e-waste management. It analyzed the alignment of e-

waste and green ICT with the SDGs, highlighting the importance of cohesive efforts. 

Furthermore, future scenarios and challenges for effective e-waste management are 

explored, emphasizing the necessity for a proactive approach and strategies.  

 

By conducting an analysis of the global e-waste problem, evaluating its 

management in East Asia, and exploring the potential of green ICT solutions in tackling 

this issue, this thesis aims to contribute to the understanding of sustainable e-waste 

management practices and explore innovative solutions for a more effective and 

sustainable approach.  
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1.  Overview of the Global E-waste 
Problem 

 

 

1.1 Introduction to The Problem of E-waste 
 

Waste electrical and electronic equipment, also known as WEEE or e-waste, is 

defined under the Basel Convention as “electrical or electronic equipment that is waste, 

including all components, sub-assemblies, and consumables that are part of the 

equipment at the time the equipment becomes waste”5. E-waste encompasses a wide 

range of products, including almost all household or business items, and it is the largest 

growing waste stream in the world. To be more specific, the total amount of electronic 

waste produced and last documented, in 2019, was 53.6 million metric tonnes (Mt), 

which corresponds to an average of 7.3 kilograms per person. Based on the current rate 

of increase, it is expected that e-waste production will rise to 74.7 Mt by 2030 and 110 

Mt by 2050.6  

Electrical and electronic equipment, also referred to as EEE, encompasses a 

"wide range of products with circuity or electrical components with a power or battery 

supply"7 classified by similar function and material composition, as well as average 

weight and end-of-life attributes. According to the E-waste Statistical Guidelines on 

Classification Reporting and Indicators by the Global E-waste Statistics Partnership 

(GESP), EEE is classified into 54 separate categories8, which are further classified into 

 
5 UN General Assembly, "Traffic in and disposal, control and transboundary movements of toxic 

and dangerous products and wastes: resolution / adopted by the General Assembly, 22 December 1989, 
A/RES/44/226," available at: https://www.refworld.org/docid/3b00f21b54.html. 

6 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 23. 

7 United Nations University, “Solving the E-Waste Problem (Step) White Paper, One Global 
Definition of E-waste “(Bonn, 2014), p.4. 

8 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
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six main groups based on waste management characteristics9. When it reaches the end 

of its useful life, EEE is disposed of, thus becoming e-waste. The six categories 

identified by the European Parliament include temperature exchange equipment; 

screens, monitors, and equipment containing screens having a surface greater than 100 

cm2; lamps; large equipment; small equipment, and small IT and telecommunication 

equipment1011.  

Temperature exchange equipment include all cooling and freezing equipment, 

such as refrigerators, freezers, air conditioning equipment, heat pumps, radiators, and 

equipment using fluids other than water to change the temperature. 

Screens, monitors, and equipment containing screens having a surface greater 

than 100 cm2 include all LCD photo frames, monitors, televisions, laptops, exc. 

Lamps include different kinds of fluorescent lamps (compact fluorescent lamps, 

high intensity discharge lamps), and LED. 

Large equipment includes electric stoves, washing machines, luminaires, dryers, 

different appliances, large medical devices, large monitoring and control instruments, 

photovoltaic panels, etc.  

Small equipment includes microwaves, vacuum cleaners, irons, radios, video 

cameras, roasters, electric kettles, electric toys, exc. 

Small IT and telecommunication equipment include mobile phones, routers, 

GPS, printers, telephones, personal computers, and other devices with an external 

dimension smaller than 50 cm12.  

 

Arguably, e-waste consumption is tightly linked to the global economic 

development. Electrical and electronic equipment has become crucial in our society, 

and, on the one hand, it is continuously improving living standards by easing and 

accelerating the workload. On the other hand, this constantly growing development and 

production of EEE results in greater consumption rates, shorter life cycles, and a lack of 
 

International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 12. 

9 Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste 
electrical and electronic equipment (WEEE). 

10 Ibidem. 
11 Electric vehicles and batteries are usually not considered as e-waste, but this can vary by 

jurisdiction. 
12 Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste 

electrical and electronic equipment (WEEE). 
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repair choices, all of which contribute to the growing volume of e-waste. As a matter of 

fact, the amount of all EEE used worldwide on average rises by 2.5 Mt yearly1314. 

In addition to the issue of the increasing quantity of e-waste, there are also health 

and environmental implications associated with it. Due to the presence of specific 

components and compounds listed in the Basel Convention on the Control of 

Transboundary Movements of Hazardous Wastes and Their Disposal’s Annexes, such as 

mercury, lead, and brominated flame retardants, e-waste is classified as hazardous 

waste15. As a result, the Environmentally Sound Management (ESM) of e-waste is 

essential to any policy or regulatory framework concerning e-waste disposal, in order to 

properly manage end-of-life electronics that contain these substances. An 

Environmentally Sound Management consists of taking all reasonable steps to ensure 

that hazardous wastes are managed in a way that protects the environment and human 

health from the detrimental effects that such wastes may cause16. Several countries, 

mostly developing ones, are dealing with the negative environmental and human health 

consequences of unsafely managed e-waste, which is being produced, consumed, and 

disposed of in an unsustainable manner. In 2019, Asia generated the largest amount of 

e-waste, reaching 24.9 Mt, followed by the Americas (13.1 Mt) and Europe (12 Mt) 

while Africa and Oceania generated 2.9 Mt and 0.7 Mt, respectively17.  

Besides the large and ever-growing volumes generated, one of the most 

significant challenges in this context is that the majority of e-waste is not even 

accounted for or documented. In fact, only 17.4% of the total amount of e-waste 

produced in 2019 was collected and recycled, which amounts to 9.3 Mt out of the total 

 
13 Solar panels are not included in this data. 
14 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 13. 

15 UN General Assembly, "Traffic in and disposal, control and transboundary movements of 
toxic and dangerous products and wastes: resolution / adopted by the General Assembly, 22 December 
1989, A/RES/44/226," available at: https://www.refworld.org/docid/3b00f21b54.html. 

16 Ibidem.. 
17 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 13. 
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53.6 Mt generated18. The situation is exacerbated by the fact that only 78 out of 195 

countries currently have a national policy, legislation, or regulation specifically 

addressing e-waste management in place. Furthermore, the slow advancement of 

regulatory development in certain regions, combined with poor enforcement, only adds 

to the existing problem19.  

 

Fig. 1.1 Global e-waste generated by year 

 

Source: Global E-waste Monitor 2020, Quantities, flows and the circular economy potential, p. 

24. 

 

 

1.2 The Factors Driving the Escalating Volume of E-waste 
 

 
18 Ibi, p. 14. 
19 Ibidem. 
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The global amount of e-waste is increasing at a rate of almost 2 Mt per year, 

which is more than what the world, at the current state of things, can manage20.In 

addition to this issue, e-waste management is partly or entirely unregulated in a 

concerning number of countries, with detrimental consequences. At present, regulations 

and policies that cover e-waste are in effect in less than half of the world’s countries, 

precisely in 78 out of 195 countries21. 

One of the main reasons for the ever-increasing amount of e-waste is the rapid 

technological advancement, which is tightly linked to global development and 

innovation. Indeed, technology is becoming more affordable and available to a growing 

number of people from different parts of the world. For instance, the number of internet 

users worldwide has increased from 413 million in 2000 to over 5 billion in January 

2023. Moreover, between 2022 and 2028, the global number of smartphone users is 

expected to grow by a total of 1,156.2 million (+23.1 percent)22. The Internet of Things 

(IoT) is constantly developing and gaining popularity, as it holds the potential to 

increase productivity, reduce costs, and save time. Single-function devices are being 

phased out by more modern multiple-function devices that easily connect to other 

electronics. Nevertheless, these linked electronics necessitate complicated and physical 

components that are difficult to dispose of when obsolete23.  

Another contributing factor to the growth of e-waste is the shorter lifespan of 

electronic devices, which are becoming increasingly disposable. Consumer behavior is a 

major factor in this phenomenon, as price reductions in IT equipment make it accessible 

and attractive to upgrade to the latest device. Many purchase agreements even include 

upgrades, making the process seamless.24 Another reason is obsolescence which, 

whether it is real, intentional, induced, or simply a matter of perception, indirectly 

 
20 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 14.  

21 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
16. 

22 A. Petrosyan, "Statista, Internet and social media users in the world 2023," Statista, available 
at: https://www.statista.com/statistics/617136/digital-population-worldwide/. 

23 International Telecommunication Union, ITU Publications, Turning Digital Technology 

Innovation into Climate Action (Geneva: ITU, 2019). 
24 R.E. Hester and R.M. Harrison, Electronic Waste Management, Issues in Environmental 

Science and Technology, vol. 27 (Royal Society of Chemistry, 2009), p. 213. 
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Fig. 1.2 Lifetimes for smartphones, televisions, washing machines and vacuum 

cleaners 

 

caused a decrease in equipment life expectancy and a rise in the number of outdated 

devices being disposed of or stored, in both the public and private sectors.25 As noted in 

Fig. 1.2, the average lifespan of smartphones, televisions, washing machines, and 

vacuum cleaners is 2.3 years shorter than their designed or desired lifetime26.  

 

Source: European Environment Agency Publications, Europe’s consumption in a circular 
economy: the benefits of longer-lasting electronics. 

 

Population expansion and fast urbanization are additional key contributors to the 

growing volume of e-waste, as more people are moving into cities and consuming and 

discarding EEE at an unprecedented rate. According to the United Nations, 55% of the 

world population currently lives in urban areas, and, by 2050, projections indicate that 

this percentage will increase by 13%27. At present, Africa is the most urban expanding 

region, and its expansion is expected to double by 2050, with two-thirds taking place in 

 
25 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 7. 
26 European Environment Agency, Europe's consumption in a circular economy: the benefits of 

longer-lasting electronics (2020), p.6. 
27 United Nations, Department of Economic and Social Affairs, Population Division, World 

Urbanization Prospects: The 2018 Revision (ST/ESA/SER.A/420) (New York: United Nations, 2019), p. 
19. 



 11 

 

 

urban regions28. Data shows that the e-waste production in Africa increased by 

approximately 53% during a five-year period, from 1.9 Mt in 2014 to 2.9 Mt in 201929.  

Another major issue is the limited proper e-waste management infrastructure, 

especially in developing countries where e-waste management systems are weak or non-

existent. Furthermore, e-waste in developing countries often ends up mixed with other 

forms of waste, thus it is not properly and safely treated. In low and middle-income 

countries, e-waste management is mainly managed by the informal sector, thus usually 

treated in inadequate conditions and without compliance to proper and safe practices30. 

Furthermore, a correlation between income and possession and use of EEE in 

households can be observed31. Through the analysis of a sample of common household 

appliances, i.e., refrigerators, laptops, lamps, washing machines, microwaves, and 

mobile phones, it was found that the average proportion of ownership between low-

income countries and high-income countries is 0.13, which means that households in 

high-income countries usually own more than five times the number of these appliances 

than households in low-income countries. In this study, low-income countries were 

found to have an average purchasing power parity of 1,261 USD and an average 

household size of 5.0 people, while high-income countries had a purchasing power 

parity of 51,581 USD and an average household size of 2.8 people32.  

 

In 2019, the formally documented collection and recycling of e-waste was 

17.4% of the total amount generated, accounting for only 9.3 Mt. Since the total e-waste 

generation increases by almost 2 Mt every year, it is clear that the current recycling 

practices are not sufficient to keep up with the global e-waste generation. Data shows 

 
28 OECD/UN ECA/AfDB, Africa’s Urbanisation Dynamics 2022: The Economic Power of 

Africa’s Cities, West African Studies (Paris: OECD Publishing, 2022), p. 4. 
29 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 13 

30 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
16. 

31 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 22. 

32 Ibidem. 



 12 

 

 

that the region with the highest rate of e-waste collection and recycling in 2019 was 

Europe, with a percentage of 42.5%, followed by Asia at 11.7%, the Americas at 9.4%, 

Oceania at 8.8%, and Africa with a rate of only 0.9%33. 

The fate of the remaining 44.3 Mt of e-waste generated in 2019 (82.6%) is 

unclear. What is certain is that undocumented and uncontrolled e-waste has detrimental 

consequences on the environment and human health, with further impacts on the 

economy and, subsequently, society.  

 

 

1.3 The Consequences of Uncontrolled E-waste  
 

The improper disposal of electronic waste is a complex issue for several reasons. 

As previously mentioned, technological advancements contribute to the constantly 

increasing generation of e-waste at a pace that is unbearable for the world. The 

challenge of managing electronic waste is faced by both developed and developing 

countries. However, developing countries have to deal with additional complexity, as e-

waste is largely and illegally imported into their borders from developing countries. As 

a matter of fact, a large quantity of e-waste is illegally shipped both within and between 

continents, especially in developing countries34. 

As a result, developing countries not only have to manage their domestically 

generated e-waste but also the illegally imported e-waste from developed countries, 

which ends up being treated in an unsafe and improper manner, usually ending up 

dumped in landfills or incinerated35. Clearly, these improper practices ultimately result 

in detrimental consequences for human health and the environment.  

Critical environmental components such as soil, air, and water face the primary 

consequences of the hazardous substances released from e-waste, i.e., hazardous 

 
33 Ibi, p. 13. 
34 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
32. 

35 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 
Environmental Science and Pollution Research 27, no. 13 (2020): 14412–14431, p. 14412; World 
Economic Forum, A New Circular Vision for Electronics: Time for a Global Reboot (Geneva: World 
Economic Forum, 2019), p. 15. 
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chemicals and heavy metals36. The heavy metals contained in e-waste are Lead (Pb), 

Cadmium (Cd), Mercury (Hg), Hexavalent Chromium (Cr), PVC and Beryllium (Be), 

and Barium (Ba)37, while the hazardous chemicals are chlorofluorocarbons (CFCs), 

hydrochlorofluorocarbons (HCFCs), and flame retardants38. The high toxicity levels of 

these materials can potentially contaminate water and soil over time, ultimately leading 

to the destruction of life in aquatic environments and their permanent contamination; 

outdoor burning of electronics can release toxic gases such as hydrocarbons into the 

atmosphere.  

In the long term, the accumulation of heavy metals in soil can damage crops and 

soil fertility, as well as mix with groundwater, and negatively affect living organisms39. 

Furthermore, improper disposal of e-waste poses significant and potentially lethal 

human health hazards. In the short term, workers in uncontrolled e-waste management 

bear the brunt of these adverse effects, mostly in terms of health. However, in the long 

term, the entire human population will be affectd by the contaminated environment40. 

Studies have found that some of the health effects associated with improper e-waste 

management include altered neurodevelopment, DNA damage, adverse cardiovascular 

and respiratory effects, adverse effects on the immune system, skin diseases, hearing 

loss, and cancer41. Children are particularly vulnerable to the toxicity of the heavy 

metals of e-waste because they absorb more pollutants, and their bodies are unable to 

properly metabolize and expel these substances42.  

Furthermore, the improper disposal of e-waste contributes to climate change due 

to considerable carbon emissions originating during the last phase of electronics’ life 
 

36 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 
Environmental Science and Pollution Research 27, no. 13 (2020): 14412–14431, p. 14413. 

37 M.V. Ramesh, M. Paramasiyan, P. Akshay, et al., "A review on electric and electronic waste 
material management in 21st century," Materials Today: Proceedings (2022), p. 2. 

38 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 60. 

39 M.V. Ramesh, M. Paramasiyan, P. Akshay, et al., "A review on electric and electronic waste 
material management in 21st century," Materials Today: Proceedings (2022), p. 2. 

40 Ibidem. 
41 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 22. 

42 Ibidem. 
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when they are not properly disposed of, e.g., during incineration or urban mining. 

However, studies have found that recycling one ton of e-waste can prevent the release 

of 1.44 tons of CO2 emissions43. The recycling of iron, aluminum, and copper alone 

helped avoid up to 15 Mt of CO2 equivalent emissions in 201944. This reduction in 

carbon emissions is mostly due to resource recovery through recycling, which prevents 

the energy-intensive process of urban mining and producing new raw materials45. 

 

It is important to note that improper disposal of electronic waste impacts beyond 

human health and the environment. It also results in a substantial financial loss. In this 

sense, electronic waste is a golden opportunity for economies. E-waste is composed of 

several valuable elements, such as copper, which is important for its ability to conduct 

electricity and is easily shapeable; nickel, chromium, aluminum, lead, silver, and tin, 

which are used in the production of resistors, capacitors, and transducers. Other 

elements including antimony, cobalt, fluorite, garnet, and gold are also present46.  

Many of these can serve as secondary materials when recycled. In 2019, the 

value of these raw materials generated from e-waste, mostly from iron, copper, and gold 

was around $57 billion USD47. To provide some context, the gold contained in a typical 

smartphone is a hundred times more than the gold contained in a ton of gold ore48. 

However, currently, with a recycling rate of 17.4%, only $10 billion USD worth of raw 

materials can be collected and recycled from e-waste, and 4 Mt of secondary materials 

 
43 WorldLoop, "Offsetting The Negative Impacts of E-waste, Bo2W impact on CO2 Emissions," 

available at: http://worldloop.org/e-waste/bo2w-impact-on-co2-emissions/. 
44 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 15. 

45 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 
Environmental Science and Pollution Research 27, no. 13 (2020): 14412–1443, p. 14413. 

46 International Finance Corporation (IFC) Manufacturing, Agribusiness & Services (MAS), 
Strengthening Sustainability In The E-waste Industry (2022), p. 9. 

47 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 22. 

48 World Economic Forum, A New Circular Vision for Electronics: Time for a Global Reboot 
(Geneva: World Economic Forum, 2019), p. 15. 
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would be available for recycling49. Certainly, the potential financial benefits of 

effectively managing e-waste are extremely significant. This issue extends beyond 

environmental and health concerns and encompasses economic considerations as well. 

But how can an effective management of electronic waste be achieved?  

 

 

1.3.1 A Circular Economy for Electronics 

 

Circular electronics manufacturing is a key approach to creating a more 

sustainable electronics industry. It is a pivotal element of the wide concept of circular 

economy. It places a high priority on resource regeneration and preservation by 

minimizing waste and fostering material reuse and recycling, and it aims to minimize 

the need for new primary materials and prevent waste50. In the context of electronics, 

circular manufacturing entails the creation of closed-loop methods to preserve valuable 

materials contained in discarded electronics and the creation of electronics designed for 

durability and recycling.  

The current economic model is based on a linear scheme that follows the “take-

make-waste”51 model, which as demonstrated by the COVID-19 pandemic, is 

unsustainable and hyper-vulnerable to economic shocks, due to the disruption of 

resources. In order to move forward, a model that integrates circularity through the 

value chain must be adopted, and the transition towards a circular economy is crucial to 

achieving the Sustainable Development Goals (SDGs), as it fosters sustainable 

economic growth while also promoting social and environmental well-being52. As this 

thesis progresses, it will explore how the use and application of digital technologies are 

becoming increasingly important in the context of circular electronics. 

 

 
49 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 15. 

50 International Telecommunication Union, the WEEE Forum, the GSMA, and Sofies-Group, 
"Digital solutions for a circular electronics value chain," thought paper for International E-Waste Day 
2021 (2021), p. 5. 

51 Ibidem. 
52 Ibidem. 
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Moreover, it is crucial to emphasize the importance of legal frameworks in the 

management of e-waste globally. As previously introduced, e-waste generated in one 

country often ends up exported to developing countries where regulations are laxer and 

e-waste management is mostly managed by the informal sector, which often uses non-

sound management practices. The main reason for this phenomenon is that managing e-

waste domestically is more expensive than exporting it53. 

The Asia Pacific region constitutes not only the most targeted region for the disposal of 

e-waste but also the largest producer of e-waste globally54. As a result, in order to shift 

to a more circular value chain for electronics and to promote sustainable management of 

e-waste, there is an urgent need for efficient strategies, including the creation and 

implementation of legal frameworks.  

 

 

1.4 The International Legal Framework for E-waste Management 
 

The issue of e-waste is increasingly gaining attention at the global level. 

Multiple treaties seeking to promote actions to reduce the environmental impacts of the 

illegal traffic of e-waste were established over time, the most important being the Basel 

Convention and the Stockholm Convention. The Basel Convention regulates the 

transboundary movements of hazardous waste, while the Stockholm Convention 

regulates the treatment of certain toxic substances, including those contained in e-waste. 

However, before analyzing what could be defined as the two “pillar” conventions for 

the sound management of e-waste, it is worth noting that other international treaties also 

play a role in this issue, albeit indirectly. For instance, the Vienna Convention for the 

Protection of the Ozone Layer and Montreal Protocol, the Rotterdam Convention, and 

the Minamata Convention serves as a foundation for the proper management of e-waste. 

 

 The Vienna Convention for the Protection of the Ozone Layer and the Montreal 

Protocol on Substances that Deplete the Ozone Layer, signed respectively in 1985 and 

 
53 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
27. 

54 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016). 
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1987 with the former entering into force in 1988 and the latter in 1989, aimed at 

reducing the production and consumption of detrimental substances for the already 

precarious ozone layer. The 197 state parties to the Montreal Protocol pledged to meet 

reduction targets for the production of chlorofluorocarbon (CFCs), halons, and methyl 

bromides55. These substances are commonly found in air conditioners, refrigeration 

systems, aerosols, and extinguishers. Therefore, in the context of EEE and e-waste, the 

Vienna Convention and the Montreal Protocol are relevant because, besides aiming at 

their reduction, they deal with substances contained in refrigeration equipment and their 

management and disposal, which are part of the e-waste categories. It is worth noting 

that in addition to being two highly successful examples of international cooperation, 

these two treaties were the first universally ratified treaties56. 

 

The Rotterdam Convention on the Prior Informed Consent Procedure for Certain 

Hazardous Chemicals and Pesticides in International Trade was adopted in 1998 and 

entered into force in 2004. This convention establishes legally binding obligations for 

the implementation of informed consent (PIC) procedures, thus providing countries, 

especially developing ones, with the means to safeguard themselves against the dangers 

posed by hazardous substances. This procedure serves as a mechanism for acquiring and 

formally distributing the decisions of the importing countries regarding their willingness 

to receive and deal with the chemicals57. The industrial chemicals covered by the 

Rotterdam Convention are commonly found in electronic devices, and as will be 

explained shortly, the Stockholm Convention also covers many of them. 

 

The Minamata Convention on Mercury, adopted in 2013, with 128 signatories 

and 92 ratifications, aims at the protection of human health and the environment from 

the dangerous effects of mercury and its compounds58. Although very polluting, 

 
55 United Nations Environment Programme, The Vienna Convention for the Protection of the 

Ozone Layer (2001), available at: https://wedocs.unep.org/20.500.11822/32760. 
56 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 17. 
57 United Nations Environment Programme, The Rotterdam Convention on the Prior Informed 

Consent Procedure for Certain Hazardous Chemicals and Pesticides in International Trade (2018), 
available at: https://wedocs.unep.org/20.500.11822/27561. 

58 United Nations Environment Programme, Minamata convention on mercury: text and annexes 

(2013), available at: https://wedocs.unep.org/20.500.11822/8541.  

https://wedocs.unep.org/20.500.11822/8541
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mercury is a critical element for the majority of electronic devices, e.g., notebooks, 

lighting equipment, batteries, and smartphones59. According to the US Environmental 

Protection Agency, a 32-inch LCD contains 4 mg of mercury, used to illuminate 

fluorescent lights, but an additional 4 mg are lost during production. As a result, if the 

waste generated during the manufacturing phase of an LCD screen and the waste 

generated at the disposal phase are not properly managed, the environment will be 

negatively affected by 8 mg of mercury60.   

While these conventions may provide indirect guidance for managing e-waste, it 

is essential to emphasize the significance of the Basel Convention and the Stockholm 

Convention in this field. These two treaties have a pivotal role in regulating and 

providing guidelines for the proper handling and disposal of electronic waste.  

 
 

The Basel Convention on the Control of Transboundary Movements of 

Hazardous Wastes and their Disposal is the most significant international treaty 

addressing the issue of electronic waste. The convention was adopted in 1989 and 

entered into force in 1992. It was ratified by 189 countries and its objective is to prevent 

the trade of environmental and social hazardous waste, such as electronic waste61.  

The convention mandates that hazardous waste is handled across borders in an 

environmentally sound manner and with the prior informed consent of the destination 

country. It also aims to reduce the generations of hazardous waste at the source and 

promotes an environmentally sound management of waste through reuse, recycling, and 

recovery62. In the Convention, different kinds of waste are classified according to their 

chemical property and hazardous characteristics, e.g., toxicity. Therefore, electronic 

devices are not directly categorized as hazardous or non-hazardous waste, which means 

that there is no specific rule for different types of used and end-of-life electronics.  

The use of ambiguous language in the convention has been subject to several 

criticisms, as it results in the creation of legal loopholes for countries to exploit and 

 
59 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 21. 
60 Ibidem. 
61 UN General Assembly, Traffic in and disposal, control and transboundary movements of toxic 

and dangerous products and wastes: resolution / adopted by the General Assembly, 22 December 1989, 
A/RES/44/226. 

62 Ibidem. 
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consequently to not adhere to its obligations. This has evidently weakened the 

effectiveness of the convention. Adding to this problem is the fact that the United States 

has not yet ratified the Convention, which is an additional weakness for the 

convention’s significance and impact in the international field.  As a result, as it will be 

further discussed, a significant amount of work needs to be done to tackle the problem 

of the still existing issue of the illegal transboundary movement of e-waste. 

However, the convention is complemented by ad-interim adopted technical 

guidelines that provide international guidelines for the management and transportation 

of e-waste. These guidelines outline the distinction between waste and non-waste under 

the Convention and are therefore crucial in ensuring the proper management of e-

waste63. Furthermore, the Convention requires countries to create an appropriate legal 

framework for the environmentally sound management of electronic waste, which 

includes the creation of e-waste facilities and the promotion of sustainable practices 

regarding e-waste64. Control is guaranteed by a control system of national authorities, 

which are responsible for hazardous waste management, the tracking and monitoring of 

hazardous waste movements, and its reporting to the convention’s Secretariat65. 

In addition, following the 10th meeting of the Conference of the Parties to the 

Basel Convention in 2011, and additional relevant declaration was adopted, the 

Cartagena Declaration on the Prevention, Minimization and Recovery of Hazardous 

Wastes and Other Wastes. This Declaration seeks to improve the effectiveness of the 

Basel Convention by improving monitoring, reporting, and compliance systems, as well 

as expanding the coverage of other chemicals66. 

 

The Stockholm Convention on Persistent Organic Pollutants (POPs) constitutes 

another key international treaty in the e-waste domain. Adopted in 2001 and entered 

 
63 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
27. 

64 UN General Assembly, Traffic in and disposal, control and transboundary movements of toxic 

and dangerous products and wastes: resolution / adopted by the General Assembly, 22 December 1989, 
A/RES/44/226. 

65 Ibidem. 
66 UNEP, Cartagena Declaration on the Prevention, Minimization and Recovery of Hazardous 

Wastes and Other Wastes, Basel Convention Conference of the Parties, 10th Meeting, Cartagena, 
Colombia, 17-21 October 2011. 
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into force in 2004, with 152 countries signatories to the treaty67, this convention 

regulates the treatment of specific toxic substances68, and it is endorsed by the United 

Nations Environment Program (UNEP). The Stockholm Convention is related to the e-

waste domain as its scope includes hazardous substances (POPs) contained in e-waste, 

such as lead, mercury, and cadmium, which, as explained previously, can cause major 

health and environmental consequences when accumulated in the environment. The 

Stockholm Convention requires its signatories to develop and implement appropriate 

measures to prohibit the production, use, import, and export of POPs, which include 

industrial compounds like PCBs, pesticides like DDT, and toxic substances like 

dioxins69. 

In Europe, this treaty is reinforced by the Restriction of Hazardous Substances 

(RoHS) Directive, developed by the European Parliament in 2003. The creation of this 

directive stems from the fact that not all the hazardous substances contained in e-waste 

can be environmentally recycled or disposed of. As a result, the use of certain 

substances, such as lead, mercury, and cadmium, is restricted70. Moreover, this directive 

incentivizes the transition towards more environmentally friendly designs and 

packaging71. Despite being limited to Europe, this directive served as an important basis 

for similar national regulations which are currently in force in other countries, such as 

the Ordinance on Management of Prevention and Control of Pollution from Electronic 

and Information Products, also referred to as China RoHS.  

Another convention worth mentioning is the Nairobi Declaration on the 

Environmentally Sound Management of Electrical and Electronic Waste, adopted by the 

United Nations Environmental Assembly (UNEA) in 2012. This convention emphasizes 

the importance of the global promotion of awareness of e-waste challenges, the global 

comprehensive actions for the environmentally sound management of e-waste and the 

prevention of its illegal traffic, as well as the consolidation of national, regional, and 

 
67 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 18.  
68 UN General Assembly, United Nations Conference on the Human Environment, 15 December 

1972, A/RES/2994. 
69 Ibidem. 
70 S. Herat and P. Agamuthu, "E-waste: A Problem or An Opportunity? Review Of Issues, 

Challenges and Solutions in Asian Countries," Waste Management & Research 30, no. 11 (2012): 1113–
1129, p. 1116. 

71 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 
Environmental Science and Pollution Research 27, no. 13 (2020): 14412–1443, p. 14415. 
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international cooperation initiatives72. The Nairobi declaration complements the 

Stockholm Convention and the Basel Convention, which can be considered as the 

pillars that tackle the environmental issues related to hazardous substances such as 

electronic waste, ensuring that these substances are managed in an environmentally 

sound manner. A noteworthy aspect of the Nairobi Declaration is that it places emphasis 

on promoting the use of "clean technology and green design for e-products”73. This is a 

crucial aspect because it reflects the need for a shift towards environmentally 

sustainable practices in ICT, starting from the design and manufacturing phases of 

electronics, to tackle the end-of-life issues related to e-waste, which brings us back to 

the concept of circularity of electronics. This aspect will be further analyzed in the 

following chapters.  

 

 

In conclusion, electronic waste initiatives or programs must be founded on 

international and national legislative frameworks, but they must also rely on global 

models and technical standards to optimize their processes. In this context, a number of 

management schemes for e-waste management were created, such as the payment of 

specific taxes (by the producers to the state) or a free regulation system where the 

responsibility is not clearly attributed to anyone; but, most crucially, the concept of 

Extended Producer Responsibility (EPR) emerged74. 

 

1.5 The Concept of Extended Producer Responsibility (EPR) 
 

The concept of Extended Producer Responsibility is a critical environmental 

policy principle that aims to hold manufacturers accountable for their products 

throughout their entire life cycle, especially the take-back of the product, its recovery, 

and its final disposal75. This principle promotes the “4Rs” (Reduce, Reuse and 

 
72 UNEP, Nairobi Declaration on the Environmentally Sound Management of Electrical and 

Electronic Waste, 23 February 2012. 
73 Ibidem. 
74 International Telecommunication Union Publications, Thematic Reports: Electronic Waste 

Management Initiatives (2018), p. 21. 
75 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 21. 
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Recycle)76 and emphasizes the producer’s responsibility for their product from the 

beginning to its end-of-life. The OECD defines this concept as follows: 

 An environmental policy approach in which a producer’s responsibility for a product is 

extended to the post-consumer stage of a product’s life cycle. There are two related 

features of EPR policy: (1) the shifting of responsibility (physically and/or 

economically; fully or partially) upstream toward the producer and away from 

municipalities, and (2) to provide incentives to producers to incorporate environmental 

considerations in the design of their products.77 

In contrast to tax-based or free-market-based systems, where the responsibility 

for the management of a product’s environmental impact is either placed on the state or 

non-designated at all, EPR holds producers accountable for their products throughout 

their entire life cycle. This concept is based on three critical pillars: pollution 

prevention, life cycle considerations, and the polluter pays principle78.  

Pollution prevention is a critical element of EPR, which highlights the 

importance of the prevention of pollution at the source, through the implementation of 

preventive measures during the manufacturing process. As a result, EPR can help 

reduce the environmental impact of a product before its entrance to the market, starting 

from its design and manufacturing phases, which is a crucial element to the Green ICT 

and digital solutions discourse, as it highlights the importance of a sustainable design 

for electronics. 

Life cycle considerations are another essential aspect of EPR. The consideration 

of a product’s environmental impact across its full life cycle, from the extraction of raw 

materials to its disposal, is a key element in a sustainable management discourse. All 

stages of the of electronics’ lifecycle must be considered in this context, as their 

implications are significant at all life stages. For instance, the design phase of a product 

has significant impact on its overall footprint: approximately 80% of a product’s 

environmental impact is determined during the design stage79. 

 
76 International Telecommunication Union, L.1021 Extended Producer Responsibility – 

Guidelines for Sustainable E-waste Management, 2018. 
77 OECD, Extended Producer Responsibility: A Guidance Manual for Governments (Paris: 

OECD Publishing, 2001), p. 9.  
78 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 22. 
79 International Telecommunication Union Publications, Thematic Reports: Successful Electronic 

Waste Management Initiatives (2018), p. 22. 
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Finally, the polluter pays principle is a fundamental aspect of EPR, as it holds 

producers accountable for the environmental impact of their products. This principle 

ensures that the producer, not society as a whole, is responsible for bearing the costs 

associated with the management of the environmental impact of their products80. 

Extended producer responsibility models can take different forms, depending on 

whether they focus on individual producers or collective efforts. Individual Producer 

Responsibility (IPR) involves the individual accountability of each producer and its 

consequent product take-back. On the contrary, Collective Producer Responsibility 

(CPR) is based on the collective effort to deal with the product at their end-of-life 

cycle81.  

At this point, it is important to define all the other important stakeholders 

playing a role in an EPR scheme. These include producers, consumers, and the 

government.  

The definition of a producer can vary across different laws and regulations, but 

typically it refers to an individual or company that produces, sells, or distributes 

electrical and electronic equipment under their own brand name in a particular country. 

This can include manufacturers, importers, and other entities involved in the supply 

chain.82 

Consumers are responsible for the usage of electronics products in a manner that 

minimizes waste, promotes the reuse of products, and involves thoughtful purchasing 

decisions. When products include take-back programs, consumers are usually 

accountable for returning them83. 

The government plays a fundamental part in an EPR system as it holds a 

regulatory and operational role. Governments are responsible for designing regulations 

for EPR schemes, and they act as an enforcer to ensure the best possible efficiency or 

their designated scheme. They are also responsible for raising awareness and providing 

 
80 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p.13. 
81 International Telecommunication Union, L.1021 Extended Producer Responsibility – 

Guidelines for Sustainable E-waste Management, 2018. 
82 International Telecommunication Union and World Economic Forum, Policy Practices for E-

Waste Management (Geneva: International Telecommunication Union and World Economic Forum, 
2021), p. 17. 

83 International Telecommunication Union and World Economic Forum, Policy Practices for E-

Waste Management (Geneva: International Telecommunication Union and World Economic Forum, 
2021), p. 17. 
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incentives to the private sector, as well as establishing standards and the strategic 

framework for EPR84. EPR-type legislation is also implemented for different products, 

including packaging, household hazardous waste, medications, batteries, end-of-life 

vehicles, etc. There are different policy instruments used to implement EPR programs, 

such as product take-back requirements, performance standards, disposal fees, and 

taxes85.  

 

There are several benefits to the Extended Producer Responsibility systems, such 

as the encouragement of sustainable designs and responsible usage of electronics, the 

promotion of reuse and refurbishment of used products, the reduction of the use of toxic 

materials, and the minimization of disposal to landfills or incineration86. Nevertheless, 

this system is not void of challenges that vary depending on the context and location. 

For instance, operating EPR programs can hold significant high costs. In order for a 

management scheme to work, the e-waste management system must be integrated, 

which means that all components and practices must be coordinated and connected. 

Furthermore, the informal sector is often dominant in the e-waste collection and 

treatment domains, in several countries87. It is typically challenging to track the fate of 

the collected e-waste in East and Southeast Asia, for example, where the informal sector 

is largely responsible for the collecting of e-waste88.  

Challenges are present especially in least developed economies. One of the main 

challenges is the ambiguity surrounding the concept of producer. In fact, not all 

countries have a clear definition for this role, and if the market includes electronics 

devices that are unbranded or unauthorized (counterfeit), it becomes difficult to trace 

the responsibility back to a specific person, thus exacerbating the issue89.  

In addition, during the repair phase, original components can be replaced with 

other brands’ parts, thus complicating the process of assigning responsibility. Another 

significant challenge is associated with the lack of knowledge on the consumer part,, 

 
84 Ibidem. 
85 L. Akenji, IGES Rio+20 Issue Brief, vol. 3, "Applying EPR in developing countries" (2012). 
86 International Telecommunication Union, L.1021 Extended Producer Responsibility – 

Guidelines for Sustainable E-waste Management, 2018. 
87 Ibidem. 
88 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p.64. 
89 L. Akenji, IGES Rio+20 Issue Brief, vol. 3, "Applying EPR in developing countries" (2012). 
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which results in inadequate consumer behavior in terms of disposal of e-waste. Often, 

individuals treat e-waste as regular waste, a practice that further highlights the need for 

better awareness on the appropriate handling of e-waste90. 

These practices result in a difficult access to the actual e-waste by qualified 

recyclers, which are possibly present in developing countries. Therefore, in order to 

implement a comprehensive EPR system that is effective, substantial investments in 

infrastructure and institutional capacity are necessary, as well as education and 

awareness91.  

 

1.6 Illegal Transboundary Movement of E-waste: A Regional 
Analysis 

 

The management of e-waste is differentiated in different world regions by 

various factors, such as economic, informational, and administrative ones92. Both 

developed and developing countries generate large amounts of e-waste. In 2019, Europe 

alone generated 12 Mt of e-waste with only 5.1 Mt documented to be environmentally 

sound managed93. But while developed countries mostly have e-waste regulations in 

place and are posing the current emphasis on the reduction of e-waste generation 

through sustainable practices such as green design, the environmentally sound 

management of e-waste in developing countries is still flawed94. Developing countries 

deal with a significant amount of e-waste domestically generated, improper 

infrastructure, and a challenging illegal transboundary movement of e-waste.  

The transboundary movement of e-waste should be governed and regulated by 

the Basel Convention, but the current situation is quite different from what it ought to 

be, with illegal e-waste movement remaining prevalent. One of the reasons for this 

phenomenon can be found in perhaps the most evident fatal flaw of the convention, a 

 
90 World Economic Forum, A New Circular Vision for Electronics: Time for a Global Reboot 

(Geneva: World Economic Forum, 2019), p. 13. 
91 Ibidem. 
92 M.V. Ramesh, M. Paramasiyan, P. Akshay, et al., "A review on electric and electronic waste 

material management in 21st century," Materials Today: Proceedings (2022), p. 3. 
93 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
30. 

94 S. Herat and P. Agamuthu, "E-waste: A Problem or An Opportunity? Review Of Issues, 
Challenges and Solutions in Asian Countries," Waste Management & Research 30, no. 11 (2012): 1113–
1129, p. 1113. 
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repair claim loophole, which enables e-waste to be exported as reparable electronics. 

Basically, the current loophole in the Basel Convention allows individuals to export 

used electronic waste as repairable by simply making the claim that the device is 

reparable, thereby circumventing the rules and obligations set forth in the convention. 

Considering this, the huge amount of illegal trafficking of e-waste despite the existence 

of the Basel Convention is not surprising. Nevertheless, during the 13th meeting of the 

Open-ended Working Group of the Basel Convention (21-23 February 2023), the Basel 

Active Network has stated that the loophole will soon be closed before other e-waste 

amendments become effective in January 202595. 

 

E-waste is illegally moved across borders within continents and between 

different continents, leading a transboundary movement of e-waste. It is evident that 

developing countries bear the brunt of this issue, more specifically countries in Africa, 

Central and South America, and Southern and Southeast Asia. Low- and middle-income 

regions are the most subjected to e-waste imports96. More specifically, in the case of 

Africa, imports account for 0.55 Mt compared to the 2.9 Mt of domestic e-waste 

generated. This data is staggering, considering that only 1% of e-waste is documented to 

be environmentally soundly managed in Africa97.  

On the other hand, high-income regions, such as North America, Europe, and 

Oceania, are the exporters of uncontrolled used-EEE and e-waste to these countries. 

Moreover, increasing flows of e-waste also travel within continents: from Western 

Europe to Eastern Europe and from East Asia to Southeast Asia98. Asia is therefore both 

an exporting and an importing hub for e-waste. This scenario stresses the ongoing need 

for records and statistics on e-waste and its transboundary movement, which does not 

always happen. As observed in Table 1.1, several countries, specifically in the 

 
95 IISD, Summary report, 21-23 February 2023, 13th Meeting of the Open-ended Working 

Group of the Basel Convention.  
96 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 
32. 

97 Ibi, p. 31. 
98 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-waste 

Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 2022), p. 31 
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Americas, Asia, Oceania, and Africa do not gather statistics of such sort, resulting in a 

facilitation of the illegal traffic of e-waste from and to the region99. 

 
Table 1.1 Countries Reporting under the Basel Convention per Continent 

 

Continent  Countries reporting 

under the Basel 

Convention 

Total countries  

Americas 18 35 

Europe 36 42 

Africa 10 53 

Asia 27 47 

Oceania 3 13 

 

Source: Global Transboundary E-waste Flows Monitor – 2022, p. 32 

 

Fig. 1.3 Controlled and Uncontrolled Imports and Exports of E-waste by world region 

(kt) 

 

 

 
99 Ibi, p. 32. 
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Source: Global Transboundary E-waste Flows Monitor 2022. The data presented in the figure 
on both controlled imports and exports of e-waste includes e-waste reported as hazardous and printed 
circuit boards, while the data on uncontrolled imports and exports accounts for the undocumented exports 
of mixed used Electrical and Electronic Equipment (EEE) and e-waste. 

 

In 2019, the continent of Africa generated 2.9 Mt of e-waste, with only 0.03 Mt 

documented to be treated properly. Printed circuit boards, which are the parts that 

contain valuable materials, thus the most important part, amounted to 0.1 Mt of the total 

e-waste generated in Africa. African countries report very little to the Basel Convention, 

which suggests an inadequate ability to manage e-waste in an environmentally safe 

manner and a significant presence of the informal e-waste sector. Africa imports 19 kt 

Controlled Uncontrolled Controlled Uncontrolled

Total Exports Total Imports

Africa 19 113 19 527

Americas 159 388 89 305

Asia 1074 1463 1075 1814

Europe 559 1290 629 619

Oceania 12 10 0 0
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of controlled hazardous e-waste and exports 12 kt, which is a relatively small amount 

compared to the total 2.9 Mt of e-waste generated100.  

As per the imported e-waste, in 2019, 546 kt were imported in Africa from 

Europe and West Asia, mainly in North, East, and West Africa101. 527 kt of the total 

were undocumented.  Compared to the e-waste generated domestically, imports amount 

to 10% of the total e-waste on the continent. Clearly, the lax legislative situation and the 

little management infrastructure, make it impossible for the continent to manage this 

amount of e-waste on its own. As a result, there is a large second-hand electrical and 

electronic products marker across the continent, where illegal e-waste is mixed or mis-

declared as used EEE102. The large informal sector present in the continent contributes 

to the tragic situation of e-waste management, cherry-picking the valuable parts of the 

products and sending the remaining in open landfills where they are incinerated in the 

open air, with the obvious consequences. In addition, 13% of Africa's e-waste from 

printed circuit boards is transferred to Western Europe, with a very high chance that the 

hazardous components will be cherry-picked and left unmanaged103. 

 

In 2019, the Americas generated 13.1 Mt of e-waste, with only 1.2 Mt of e-waste 

documented as treated in environmentally sound facilities. The informal sector is 

strongly present in Central and South America. North America is a main exporting 

region, with 430 kt of e-waste exported in 2019 and 88 kt imported. Uncontrolled EEE 

and e-waste, estimated to be 325 Kt in 2019, is mostly exported to East Asia, Southeast 

Asia, Central America, and South America104. In this regard, a quite interesting study 

was carried out, and its findings showed that out of 43 GPS trackers placed in e-waste 

exports from Canada, seven of them which were originally placed at Canadian recycling 

facilities were illegally transported to Asia. A comparable investigation carried out 

across the United States, Canada, and Mexico indicated that 5% of desktop computers, 

 
100 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 36. 

101 Ibi, p. 37. 
102Ibi,, p. 38. 
103 Ibi, p. 40. 
104 Ibidem. 
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14% of laptops, 9% of Cathode Ray Tube screens, and 7% of flat panel displays 

suffered the same fate105. 

North America is the sole region on the continent that imports hazardous waste 

under the Basel Convention. The majority of this e-waste comes from Central America 

and from the northern area itself. In addition, due to its recycling firm’s capacity, North 

America is, to some degree, a receiver of printed circuit board from Western and 

Eastern Europe106. Even though the United States signed the Convention in 1990 and 

provided its consent to ratification in 1992, the latter has yet to occur because, according 

to its Department of State, the U.S. does not have the domestic statutory power to 

implement all its provisions. This inevitably results in a significant gap in the 

fundamental aim of the treaty107. 

Central and South America are importers of uncontrolled used-EEE and e-waste, 

but they lack the capability and infrastructure to manage it. Low reporting rates to the 

Basel Convention shows how difficult it is to control the transboundary movement of e-

waste, which amounted to 300 Kt of imported e-waste and 114 kt of exported e-waste in 

2019. The environmental sound management of e-waste corresponds to approximately 

1%. Consequently, the informal sector is highly present and in competition with the 

formal one for the valuable e-waste parts. South America is an exporter of hazardous 

waste (4.4 Kt) and printed circuit boards (10.2 kt) to Western Europe. Although several 

countries ratified the Basel Convention, its enforcement in this region is still a major 

challenge108. 

 

Europe generated 12 Mt of e-waste in 2019, 42% of which was documented as 

formally collected and recycled109. As a result of its advanced policy and regulatory 

framework, Europe is the leader in the environmentally sound management of e-waste,  

In 2006, the European Union transposed the Basel Convention into the European 

Waste Shipment Regulation, which enforces the global commitments of the Basel 
 

105 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 40. 

106 Ibi, p. 41. 
107 Ibidem. 
108 Ibidem. 
109 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 48. 
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Convention and incorporates the objective of ensuring environmentally appropriate 

disposal of waste. Subsequently, The Waste Electrical and Electronic Equipment 

Directive, also referred to WEEE Directive, was created, establishing specific targets for 

the collection, recovery, recycling, and reuse of the six categories of electronic waste 

previously outlined110. 

All European regions export used-EEE and e-waste, with an estimated total of 

1.3 Mt exported. This was documented in various literature sources, including a recent 

tracking study by the Basel Action Network. In the study, 134 trackers were secretly 

placed in e-waste across ten European Union countries, with most placed at takeback 

government-authorized stations. The outcomes showed that 6% of the monitored e-

waste was exported, which included 11 possible illegal shipments to destinations like 

Ukraine, Hong Kong, Pakistan, Tanzania, Thailand, Nigeria, and Ghana111. Therefore, 

together with East and Southeast Asia, Western Europe is one of the primary exporters 

of unregulated used-EEE and e-waste, with approximately 0.6 Mt of used EEE and e-

waste primarily shipped to West Africa, Southeast Asia, Eastern Europe, and North 

Africa112. The demand for used-EEE and the significantly lower treatment costs in the 

importing regions are the primary reasons for this phenomenon. 

 

In Oceania, 0.06 Mt of 07 Mt of e-waste are documented to be properly treated, 

mostly in Australia113. The differences in the economy and population between the two 

larger countries of Oceania, Australia and New Zealand, and the smaller islands in 

Melanesia, Polynesia, and Melanesia are one of the key challenges for the 

environmentally sound management of e-waste in this region. At the present time, e-

waste is mostly recycled manually in New Zealand, while the Australian Government 

created different schemes for its recycling. With 22 kt of e-waste and used-EEE 

exported in 2019, mainly to Asia, Oceania is considered an exporting region. With 

regards to the uncontrolled e-waste shipments, Australia and New Zealand ship 

 
110 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 48. 

111 Ibi, p. 49. 
112 Ibidem 
113 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p 52. 
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approximately 10 kt of e-waste to Southeast Asia, while Melanesia, Micronesia, and 

Polynesia are not notably active in the transboundary movement of e-waste. Moreover, 

these countries do not have any infrastructure for e-waste management, and we do not 

have any data on their uncontrolled e-waste114. 

 

In 2019, Asia generated 24.9 Mt of e-waste, with 561 kt of printed circuit boards 

embedded. 2.9 Mt of the e-waste generated were documented to be treated in an 

environmentally sound manner. In Asia, there is a strong presence of the informal sector 

in all countries, apart from high-income countries115. Due to the lack of infrastructure 

for the proper management of e-waste and the large presence of the informal sector, 

which competes with the formal sector, a huge quantity of e-waste ends up in landfills. 

The majority of the transboundary movement of e-waste takes place in East and 

Southeast Asia, which are the most important global hubs for the manufacturing of 

electronics. Production mostly takes place in Southeast Asian countries, where 

production is cheaper, as well as in East Asia, in Japan and South Korea mainly116. 

Despite their huge production, these two countries are pioneers in e-waste management, 

not only from an infrastructural point of view, but also from a green ICT practices one.  

East Asia and Southeast Asia are the main import and export hubs for e-waste, 

with East Asia importing 1 Mt and exporting 0.9 Mt, and Southeast Asia importing 1.1 

Mt and exporting 1.0 Mt. In Southern Asia, there is a strong informal local market for e-

waste, which imports and exports small quantities of e-waste, with minimal formal 

collection and recycling rates117. East Asia holds the capacity to handle e-waste in an 

environmentally sound manner, but this region is also responsible for exporting 

uncontrolled e-waste to Southeast and Southern Asia, which lack the necessary 

treatment capacities to handle the waste. This happens because the costs of processing, 

disposing, and dismantling in these regions are lower compared to East Asia, and there 

 
114 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 53. 

115 Ibi, p 44. 
116 Ibidem. 
117 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 45. 



 33 

 

 

is a huge demand for second-hand electronics118. Clearly, this results in environmental 

damage and loss of valuable resources.   

Countries in Southeast Asia such as Singapore are emerging as re-exporting e-

waste hubs, among which intra-regional trade of counterfeit electronic and electrical 

equipment occurs, as well as the shipment of printed circuit boards to manufacturing 

countries in East Asia, so that they can be recycled, and precious metals and secondary 

raw materials extracted. At the same time, Western Europe and North America also 

send printed circuit boards to East Asia for recycling purposes119. West Asia imports 

and exports both controlled and uncontrolled e-waste, with the former being processed 

within the region and the latter being shipped to North and West Africa. Besides, other 

hazardous waste movements are present in Central Asia, which does not report to the 

Basel Convention entirely. As a result, the majority of e-waste in this region is disposed 

of in landfills or by the informal sector120. 

Below is a comprehensive table summarizing all the data on environmental 

sound management of e-waste analyzed in this section.  

 

 
118 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 45. 
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Fig. 1.4 Data on the environmental sound management of e-waste per world region 

(Mt) 

 

Source: Global Transboundary E-waste Flows Monitor 2022. 

 

To conclude, the management of e-waste varies significantly between 

developing and developed regions of the world, with differences in the quantity of e-

waste generated, legal frameworks in place, and the presence and competitiveness of 

formal and informal sectors. Although all regions face the negative consequences of 

uncontrolled e-waste, developing countries are disproportionately affected due to 

inadequate infrastructure for environmentally sound management, lack of awareness, 

and the dominance of the informal sector. Consequently, some regions not only serve as 

the primary producers of e-waste but also as the main importers, as is the case in the 

Asia-Pacific region. In the following chapter, e-waste management legal frameworks 
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and practices will be analyzed globally, with a particular focus on East Asia, in order to 

provide a foundation for exploring digital solutions for e-waste management in this 

regional context, which will be further discussed as this thesis progresses.  
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2.  Analysis of E-waste Management 
in East Asia  

 

2.1 Regional E-waste Management Systems 
 

Electronic waste is a multifaced issue with health, environmental, and social 

consequences associated. Although several steps were taken to tackle its growing 

stream, its management, and its transboundary movement, the majority of e-waste is 

disposed of in a non-environmentally sound manner, resulting in difficulties faced by all 

regions of the world. A key factor of the management of e-waste is Extended Producer 

Responsibility (EPR), which entails the responsibility of the producer for the entire life 

cycle of the products they put into the market, from their design phase to their final 

disposal. This concept is intricately complementary to the concept of circular economy 

for electronics, which aims at resource efficiency and the extension of the lifespan of 

electronics, and ultimately at zero waste generation. To reach this goal, digital solutions 

and more specifically green ICT solutions represent a valuable resource. Several 

countries, mostly East Asian ones such as Japan and South Korea, are already 

implementing green ICT practices.  

The Asian region is an interesting one for a number of reasons. Firstly, the Asian 

continent is the largest generator of e-waste globally121. Secondly, while several 

countries in Asia, particularly in East Asia, have made significant progress in managing 

e-waste, others like China are still facing challenges caused by the large informal 

sector122. This makes the region an interesting case for comparing the two realities. 

Thirdly, East Asia is at the forefront of implementing Green ICT solutions, thus East 

Asian countries can be considered pioneers in this area. 

 
121 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 74. 

122 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016). 
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Due to these reasons, the case of East Asia is particularly interesting in the 

context of e-waste management. This chapter will analyze different e-waste 

management strategies adopted in the various regions of the world, with a specific focus 

on East Asia. The objective is to identify the strengths and weaknesses of existing 

practices and evaluate their effectiveness in addressing the e-waste problem. This 

analysis will help us gain a better understanding of the challenges and opportunities 

associated with e-waste management in East Asia and beyond, and it will pave the way 

for the green ICT solutions discourse, which will be discussed in chapter three of this 

thesis.   

 

In 2019, Africa produced a large amount of e-waste, i.e., 2.9 Mt, with an average 

of 2.5 kg per capita and a total population of 1.15 billion people. The raw materials 

contained in the e-waste generated were valued at approximately $3.2 billion. The 

undocumented electronic waste in the region also posed an important risk of 

contributing to greenhouse gas emissions, with a potential release of 9.4 Mt of CO2. 

Only 0.03 Mt of e-waste, i.e., 0.09% of the total, was documented to be collected and 

recycled in an environmentally sound manner123. In the Global E-waste Monitor, only 

13 countries out of the 49 countries analyzed have national legislation, policy, or 

regulation in place to address the problem of e-waste124. It is evident that e-waste 

management is a pressing issue in the region that requires urgent attention.  

In order to gain a comprehensive understanding of the regulatory landscape for 

e-waste management in the different world regions, all relevant regulations and policies 

were included in compiling tables 2.1 to 2.5, extracting the data from the Compliance 

and Risk (C2P) database platform. This includes all relevant regulations, policies, as 

well as new amendments specific to e-waste management or to the management of 

hazardous substances that includes e-waste. However, it should be noted that the 

inclusion of policies is subject to the availability and updating of the platform used for 

data collection. As for East Asia, for a more detailed analysis of specific regulations and 

 
123 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 70.  

124 Ibidem. 
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policies related to e-waste management in the countries in object, please refer to the 

appendix. 

The aim of including all regulations and policies relevant to the e-waste 

discourse is to provide a nuanced and complete understanding of the regulatory 

environment for e-waste management, as well as of the current situation and its 

progress.  

 

Fig. 2.1. Regulations and Policies Related to E-waste In Africa  

 

Source: The data for this figure was extracted from the compliance and risk (C2P) database 

platform. The relevant regulations and policies included encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse.  

 

E-waste management in Africa is mainly carried out by the informal sector, in 

the majority of countries. The lack of take-back systems or licensing provisions for 
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sorting and dismantling waste obviously results in dangerous and unsustainable 

practices, including manual stripping of electronic boards for resale, open burning of 

wires to recover valuable components, e.g., copper, aluminum, and iron, and the 

dumping of other components in open landfill sites. The fact that there is specific e-

waste legislation in most African countries exacerbates the problem. However, a 

handful of countries, namely Egypt, Ghana, Madagascar, Nigeria, Rwanda, South 

Africa, Cameroon, and Cote D'Ivoire, have e-waste legislations in place125. 

Nevertheless, the facilities present in these countries for e-waste recycling have to co-

exist with the informal sector, resulting in challenges to properly manage e-waste and 

increase the quantity processed.  

A regional e-waste plan was adopted by the EACO member states, namely 

Tanzania, Rwanda, Uganda, Burundi, Kenya, and South Sudan, with the goal to achieve 

sustainable e-waste management and prioritize various important areas, including the 

regulatory framework for e-waste management, the necessary infrastructure, the 

coordination structures at national and regional levels, and  research and development in 

this field126. It can be argued that sustainable e-waste management in Africa is on its 

way to improving. 

In Ghana, for instance, guidelines were developed to ensure environmentally 

sound e-waste management for collectors, collection centers, transporters, treatment 

facilities, and final disposal. Similarly, Nigeria has implemented an EPR system, which 

began with the formation of the E-waste Producer Responsibility Organization of 

Nigeria (EPRON), a non-profit organization established by electrical and electronic 

producers. EPRON is Nigeria's first Producer Responsibility Organization (PRO) for 

electronic waste, established in March 2018, with contributions from stakeholders such 

as HP, Dell, Phillips, Microsoft, and Deloitte127. Nevertheless, the dominance of the 

informal recycling sector, the lack of public awareness, the lack of an EPR system, and 

 
125 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 70.  
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waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 70.  
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proper recycling facilities still pose a major obstacle to the environmentally sound 

management of e-waste in Africa128. 

 

Fig. 2.2 Regulations and Policies Related to E-waste In The Americas 

Source: The data for this figure was extracted from the compliance and risk (C2P) database platform.. 

The relevant regulations and policies included encompass all policies, amendments, new regulations, and 

other relevant measures related to the e-waste discourse. The map was created through the Tableau 

software. 

 

 
128 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 70. 
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In 2019, with a population of 9.84 billion, the Americas generated 13.1 Mt of e-

waste, with an average of 13.3 kilograms per capita. The estimated value of the raw 

materials found in this e-waste was $14.2 billion USD. With a possible release of 26.3 

Mt of CO2, the unreported electronic waste in the area constituted a serious threat.  

Only 1.2 Mt of e-waste was properly collected and recycled, which accounts for only 

9.2% of the e-waste produced in the area. Only 10 countries in the Americas have an e-

waste national legislation, policy, or regulation in place129. 

This region presents a heterogeneous situation. In Northern America, although 

the United States lacks comprehensive national legislation on e-waste management, 25 

states plus District of Columbia have implemented some form of e-waste management 

laws, covering around 75-80% of the American population. However, due to differences 

in their scope, some areas may not have the option to collect e-waste. The majority of 

these laws employ an Extended Producer Responsibility (EPR) approach. Similarly, 

Canada does not have national legislation on e-waste management, but 12 provinces and 

territories of the country have regulations in place that rely on industry-managed 

programs. Additionally, Canada's product scope is broader than that of the United 

States130. 

In Latin America, only a small number of countries have successfully 

implemented e-waste laws, and progress toward doing so is still slow. However, some 

countries such as Mexico, Costa Rica, Colombia, and Peru are at the forefront of e-

waste framework development and have already some kind of system, while other 

countries such as Brazil, Chile, and the Dominican Republic are preparing the 

groundwork for future systems. Mexico, on the other hand, is currently reviewing its 

current regulation after its initial five-year term, while the Dominican Republic is still in 

the consultation and drafting phase131. It is evident that there is a lack of regulatory 

 
129 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 70.  

130 Ibi, p. 73. 
131 ITU, "WEEE Policy Support for Dominican Republic," ITU-D Environment, available at: 

https://www.itu.int/en/ITU-D/Environment/Pages/Spotlight/WEEE-Policy-Support-Dominican-
Republic.aspx. 
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harmonization in the region, with some countries not adhering to the Extended Producer 

Responsibility (EPR) approach and using different definitions132.  

Numerous businesses in Latin America are engaged in the management of e-

waste, but no technical standards that consider the regional circumstances have yet been 

established. Almost all countries now have e-waste recyclers, but most of these 

businesses are still at the beginning of their learning process. The relevance of formal 

collection systems is growing, but it is difficult to recognize, regulate, and incorporate 

the effort done in the informal sector to manage e-waste. There is a lack of contributions 

from the research field and a need for updated information and proven methodologies to 

support policies and regulations133. 

 

Fig. 2.3 Regulations and Policies Related to E-waste In Asia  

 

 
132 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 73. 

133 C.P. Baldé, F. Wang, R. Kuehr, and J. Huisman, The global e-waste monitor (United Nations 
University, IAS – SCYCLE, 2014), p. 64. 
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Source: The data for this figure was extracted from the compliance and risk (C2P) database 

platform. The relevant regulations and policies included encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. The map was created through 

the Tableau software. 

 

 

With a population of 4.44 billion and an average of 5.6 kg of e-waste per capita, 

Asia generated a huge amount of e-waste in 2019, i.e., 24.9 Mt. The estimated value of 

the raw materials found in this e-waste was $26.4 billion USD. However, with a 

potential release of 60.8 Mt of CO2, the unreported electronic waste in the area posed a 

serious threat. Unfortunately, only 2.9 Mt of e-waste was documented to be properly 
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collected and recycled. Only 17 of the 46 countries examined in the Global E-waste 

Monitor have national e-waste legislation, policies, or regulations in place. Compared to 

the other world regions, Asia produces almost twice as much electronic waste as Europe 

and the Americas. However, in terms of e-waste collection and recycling, Asia falls 

significantly short, recycling only half the amount of e-waste that Europe does134. 

 

Within South Asia, India is the only country with established e-waste legislation, 

which regulates the dismantling and collection of e-waste. The E-Waste (Management) 

Rules 2016 of India brought various stakeholders, such as manufacturers, dealers, 

refurbishers, and Producer Responsibility Organizations (PROs), under the umbrella of 

the legislation. Other countries in the region are slowly implementing e-waste 

regulations as well135. 

The situation in East and Southeast Asia is quite different. In Southeast Asia, for 

example, the Philippines does not have a specific regulation for e-waste management; 

however, there are hazardous waste regulations that partially cover e-waste. The 

situation is thus a little more advanced. Cambodia, on the other hand, has a specific law 

governing e-waste management, whereas Myanmar currently lacks any formal 

legislation on the matter, but has recognized the importance of hazardous waste 

management and is in the process of developing new regulations136. 

In East Asia, there are advanced e-waste regulations in place in countries like 

Japan and South Korea, while China has enacted national legislation regulating the 

collection and treatment of fourteen types of e-waste137. These countries’ situation is 

quite interesting, and it will be subject to further analysis in the following section. 

In contrast, Western and Central Asia have generally poor e-waste legislation in 

place and lack the necessary infrastructure to manage e-waste in a safe and proper 

manner. However, there are some promising developments, such as the Kyrgyz 

 
134 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 74. 

135 Ibi, p. 75. 
136 Ibidem. 
137 Ibidem. 
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government's plans to introduce new legislation based on the EPR concept, which will 

also cover e-waste138. 

 

Fig. 2.4.Regulations and Policies Related to E-waste In Europe 

 

 

 
Source: The data for this figure was extracted from the compliance and risk (C2P) database 

platform. The relevant regulations and policies included encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. The map was created through 

the Tableau software. 

 
138 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 75. 
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With a population of 7.4 billion and an average of 16.2 kg per person, Europe 

generated 12 Mt of e-waste in 2019. The worth of the raw materials in this e-waste 

totaled $12.9 billion USD. However, the region's uncontrolled e-waste could pose a 

serious risk by possibly causing the release of 12.7 Mt of CO2. Only 5.1 Mt of e-waste 

was reported to be properly collected and recycled. Out of the 39 countries analyzed in 

the Global E-waste Monitor, only 39 countries have e-waste legislation, policy, or 

regulation in place139. 

The WEEE Directive (2012/19/EU) is a regulation in force in the EU and 

Norway, -with similar regulations in Iceland, Switzerland, and Balkan Countries-, that 

governs the management of electronic waste. The directive outlines targets for the 

collection, recycling, reuse, and recovery of all categories of e-waste. Every year, a 

collection rate of 65% of the average weight of EEE placed on the market must be met. 

This regulation has an open scope, meaning that new products like clothes or furniture 

with electric functionality can also fall under it140.  

While the e-waste management infrastructure in Northern and Western Europe is 

strong, with 59% and 54% of e-waste generated in these regions, respectively, being 

formally recycled, Eastern European countries, such as the Balkans, are still in the 

process of developing their infrastructure. Although e-waste collection is gaining 

attention in these countries, they have not yet achieved the same level of e-waste 

management rates as in Northern and Western Europe141. 

 

 

 

 

 

 

 

 

 
139 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 76. 

140 Ibidem. 
141 Ibi, p. 77. 
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Fig. 2.5 Regulations and Policies Related to E-waste In Oceania 

 

 

 

 

Source: The data for this figure was extracted from the compliance and risk (C2P) database 

platform. The relevant regulations and policies included encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. The map was created through 

the Tableau software. 

 

 

Oceania generated 0.8 Mt of e-waste in 2019. With a population of 4.6 billion, 

the region produced 17.2 kg of e-waste per person, on average. The estimated worth of 

the raw materials in this e-waste was $1.1 billion USD. The uncontrolled e-waste in the 

area, however, could result in the release of 1.2 Mt of CO2. Data shows that only 0.08 

Mt of e-waste were properly collected and recycled. Despite significant progress, 
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managing e-waste in Oceania is still difficult, as one of the 14 nations present in the 

area, i.e., Australia, has e-waste legislation, policy, or regulation in place142. 

In 2011, Australia established the National Television and Computer Recycling 

Scheme (NTCRS) which enables households and small businesses to access collection 

and recycling services. This scheme has made collection services available to 98% of 

the Australian population, resulting in over 291 kt of e-waste being collected and 

recycled since its establishment. With a recovery rate of more than 93%, the strategy 

successfully recycled about 58 kt of e-waste during the 2017–2018 fiscal year143. 

However, in New Zealand, the implementation of an e-waste mandatory national 

plan government is still under consideration. More than 97 kt of e-waste in New 

Zealand is disposed of in landfills each year, with approximately 98.2% of household e-

waste ending up there. This is mainly due to the limited e-waste appropriate recycling 

and treatment facilities, and the lack of a mandatory approach to e-waste144. 

In contrast, the situation in the Pacific Island Region (PICTs) is quite unique, 

with 22 countries and territories facing challenges because of their dispersed location, 

limited availability to build infrastructure and small populations. The Secretariat of the 

Pacific Regional Environment Programme (SPREP) is responsible for coordinating and 

implementing waste management and pollution control initiatives in the region145. 

 

 

2.2 E-waste Management in East Asia  
 

As previously mentioned, the continent of Asia offers a unique perspective on 

the topic of e-waste and its management. Besides being home to the world largest and 

most advanced manufacturers, such as Sony, Samsung, or LG Electronics, Asia is also 

an arena where the formal and informal sector coexist and are in competition to gain 

control over end-of-life (EoL) recycling and disposal of discarded electronics. 

 
142 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 78. 

143 Ibidem. 
144 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 
2022), p. 79. 

145 Ibidem. 
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Additionally, the rapid expansion of Asia’s middle-class results in an ever-increasing 

consumption of EEE, as well as in an enlargement of its second-hand market146. 

However, only a handful of countries established a proper national legal framework for 

the management of e-waste with the subsequent development and implementation of the 

physical infrastructures necessary for the process. In fact, the majority of countries are 

still in a primordial or medium stage of development of their e-waste management 

systems. In contrast, East Asian countries are at the forefront of e-waste management 

but still present a heterogeneous picture. On the one hand, Japan, South Korea, and 

Taiwan are the most advanced countries with regards to the e-waste management 

discourse. On the other hand, countries like China are still in transition, without 

established legislation, and are characterized by the dominant presence of the informal 

sector147. This diversification is particularly interesting, especially since it concerns 

some of the most influential countries in the world’s electronics production.  

Since most of the world's production takes place in this region, it is unsurprising 

that the re-evaluation of the electronic linear manufacturing process is a relevant topic 

in these countries148. The world’s production is based on a linear, profit-based approach, 

which happens at an unbearable level for the world. Especially with regards to 

electronics, this scheme of manufacturing is no longer sustainable. Consequently, a 

circular approach with an upstream reduction is required in the ICT industry. The 

concept of Green ICT has arisen precisely from this necessity, and it is increasingly 

being adopted by East Asian countries, starting with the most advanced ones. This 

concept will be thoroughly explained in the third chapter of this thesis.  

The concept of Extended Producer Responsibility (EPR) is crucial to the context 

of e-waste management and the circularity discourse. This key concept, which requires 

producers to be accountable for the entire lifespan of their products, is the foundation of 

the most advanced e-waste recycling and collection systems in the area, and it is crucial 

in the evaluation of the different systems implemented by the East Asian countries in 

object. However, it is important to note that only a handful of countries, namely Japan, 

 
146 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 34. 
147Ibidem.. 
148 S. Herat and P. Agamuthu, "E-waste: A Problem or An Opportunity? Review Of Issues, 

Challenges and Solutions in Asian Countries," Waste Management & Research 30, no. 11 (2012): 1113–
1129, p. 1119. 
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Taiwan and Hong Kong collect data on e-waste and maintain national inventories for 

several reasons, such as a lack of information on the part of stakeholders, inadequate 

reporting mechanisms, insufficient capacity to gather data, and unclear definitions of e-

waste which can result in under-estimation or double counting149. Therefore, data on 

these countries may be imperfect and incomplete.  

 

Fig. 2.6 Total and Per Capita E-waste Generation by East Asian Country In 

2019 

 

 

Source: The Global E-waste Monitor (2020); The Global E-waste Monitor (2014); Regional E-waste 

Monitor: East and Southeast Asia (2016). Based on the assumption that the proportion of e-waste 

produced in Taiwan and China remained the same between 2013 and 2019 and using China's reported 

total e-waste in 2019 of 10,129 kt, it was estimated that China generated approximately 9,450 kt of e-

waste in 2019, while Taiwan generated approximately 679 kt. This estimation was calculated using the 

proportion of Taiwan's e-waste production to the total e-waste production of Taiwan and China in 2013 

(6.76%) and applying it to the total e-waste production in 2019. Then, the per capita e-waste for China in 

2019 was calculated by dividing China's e-waste production by its population, and Taiwan's per capita e-

 
149 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 57. 
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waste in 2019 was calculated by dividing its total e-waste production by its population. The estimated per 

capita e-waste for China was 7.15 kg and for Taiwan was 28.8 kg in 2019. 

 

Fig. 2.7 E-waste Generation Over Time (Years 2010, 2013, 2025, 2019) 

 

 

 

Source: Global E-waste Monitor (2020), Regional E-waste Monitor: East and Southeast Asia 

(2016), Global E-waste Monitor (2015). 

 

As previously introduced, the countries included in this section and thesis are 

East Asian countries, more precisely Japan, South Korea, China, Taiwan, and Hong 

Kong.  It should be noted that while data on Taiwan's e-waste generation may not 

always be clear due to conflicting reports which consider it as a part of China for data 

collection, this thesis will treat Taiwan as a separate entity. Similarly, Hong Kong’s-

waste generation will be included in this thesis as a separate entity.  

As observable in Fig. 2.6, the amount of e-waste generated by China is the 

largest compared to the other East Asian countries, even though the amount of e-waste 

generated per capita is lower. Differences in e-waste production among countries are 
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important to consider. While China's citizens produce less e-waste on average compared 

to other nations, China still contributes the most to the global total. Therefore, effective 

management of e-waste in China is crucial. Furthermore, the lack of a clear definition of 

environmentally sound management in the Basel Convention allows for varying 

interpretations among countries based on their legal and developmental frameworks. 

This means that what may be feasible or applicable for one nation may not be the same 

for another150. As a result, there is a heterogeneous framework of practices and 

development regarding e-waste management in East Asia.  

Considering this, a holistic approach to analyze the countries in object about 

their e-waste management is needed. This approach must take several contributing 

factors into account, such as socioeconomic and infrastructural development, 

government structures, geography, trade, legal framework, health and environmental 

standards, and consumer behavior151. These factors, according to the East and Southeast 

Asian Regional Monitor, converge into four macro pillars: legal framework, processing 

infrastructure, environmental health and safety standards, and collection mechanism. 

Ranging from advanced to low, three stages of development have been identified based 

on these pillars. The result is a categorization of Asian countries into four e-waste 

management system types, namely Advanced mechanism, Voluntary initiative, In 

transition, and Informal Initiative.152 Only relevant system types will be considered in 

the following analysis. 

Type one, also known as Advanced mechanism, is characterized by a solid legal 

framework and strong enforcement, as well as a proper and efficient collection and 

recycling infrastructure, along with effective safety and environmental health standards. 

Japan, Taiwan, and South Korea are Advanced mechanism countries153 

Type two, also known as Voluntary initiative is characterized by the private 

sector implementing a take-back recycling program, whether in collaboration or not 

with the government. Considering its voluntary nature, this system is based on 

 
150 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 37. 
151 Ibidem. 
152 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 39. 
153 Ibidem. 
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commercial priorities rather than legal requirements, resulting in a possible absence of 

legal frameworks154. Hong Kong is a voluntary initiative country.  

Type three, also known as In transition, incorporates China. This type is 

characterized by a system in transition, with a legal framework still in the process of 

being tested. While the legislation may be implemented, collection and treatment may 

not be established, and the infrastructure is composed of a mixture of formal and 

informal actors155. 

Domestically, each of these countries had to consider similar factors which led 

to the adoption of e-waste regulations. Firstly, e-waste is a more difficult kind of waste 

to dispose of compared to other kinds of waste. Secondly, the e-waste volumes which 

impacted landfill space and the environment are constantly on the rise, and they will 

inevitably result in environment contamination and depletion. Thirdly, due to the 

growing interest in recovering and utilizing valuable resources contained in e-waste, 

these countries started giving attention to the recycling industry, which is now a 

profitable industry156. The following sections will analyze the relevant e-waste 

regulations for each East Asian country in object.  

 

2.3 Assessing Regulatory Frameworks of Japan, China, Taiwan, 
South Korea, and Hong Kong 

 

2.3.1 Japan 

 

Fig. 2.8 Evolution of Relevant Policies and Regulations in Japan: 1971-2021 

 
154 Ibidem. 
155 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 39. 
156 S.-C. Lee and S.-I. Na, "E-Waste Recycling Systems and Sound Circulative Economies in 

East Asia: A Comparative Analysis of Systems in Japan, South Korea, China and Taiwan," Sustainability 

2 (2010): 1632-1644, p. 1634. 
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Source: The data for this figure was extracted from the compliance and risk (C2P) database. 

The relevant regulations and policies included in this analysis encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. For a detailed list of the exact 

policies and regulations considered, please refer to the precise listing provided in the appendix. 

 

Japan is a key hub for electronics, and different major brands, such as Panasonic 

and Sony, are based in the country. It is one of the largest economies in the world with 

high purchasing power. However, Japan also faces significant e-waste challenges, as it 

is one of the largest generators of e-waste in the region, second only to China157. 

As for e-waste regulations, Japan was one of the first countries to establish e-

waste-specific laws. Japan’s e-waste legislative framework is composed of two 

important laws: the Law for Recycling of Specified Home Appliances (Home Appliance 

Recycling Law), from this point forward, referred to as LRHA; and the Law for the 

Promotion of Effective Utilization of Resources, from this point forward referred to as 

LPUR158. After a sudden increase in illegal dumping, the LRHA was enacted in 1991, 

 
157 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 84. 
158 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 

Environmental Science and Pollution Research 27, no. 13 (2020): 14412–1443, p. 14423. 
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coming into force in 1998. It covers four types of home electric and electronic 

appliances, namely televisions, refrigerators, washing machines, and air conditioners159.  

These products, in order to fall under the LRHA, have to meet the following 

criteria: (a) they have to be difficult to recycle; (b) they have to contain relevant 

quantities of recyclable materials; (c) they are designed in order to allow for easy 

recycling; and (d) they can be transported by retailers when customers replace 

them160161. 

The rise in illegal dumping incentivized the revision of Japan's waste rules, as 

well as the implementation of the Basic Act on Establishing a Sound Material Cycle 

Society in 2000. Furthermore, unlike other countries' corresponding laws, the LHRA 

included a "manifest system" which is a collection of forms, reports, and procedures 

designed to easily track e-waste from the producer facility to its final destination, the e-

waste management facility. This system, mainly regarded positively given its major 

contribution to the technological development of the country’s recycling industry, was 

also criticized due to the increase in social costs associated with it162. 

With regards to the roles of society, consumers, local government, and collection 

companies all contribute to the collection process in Japan. As a matter of fact, 

consumers are required to cooperate with retailers or local governments via the payment 

of a recycling fee, whereas local governments collect e-waste from the consumer and 

deliver it to the collection centers, which are operated by the producers163. The recycling 

fee can range from 2400 to 4600 yen based on the product164. Despite focusing on a 

small number of products, especially when compared to regulations in Europe, this 

process of recycling was proven to be highly efficient, covering 80% of all discarded 

 
159 S.-C. Lee and S.-I. Na, "E-Waste Recycling Systems and Sound Circulative Economies in 

East Asia: A Comparative Analysis of Systems in Japan, South Korea, China and Taiwan," Sustainability 

2 (2010): 1632-1644, p. 1634. 
160 Heisei 10th Year Cabinet Order No. 3, "Specified Household Appliance Recycling Act 

Enforcement Order," Ministry of the Environment, Government of Japan, 1998. 
161 S.-C. Lee and S.-I. Na, "E-Waste Recycling Systems and Sound Circulative Economies in 

East Asia: A Comparative Analysis of Systems in Japan, South Korea, China and Taiwan," Sustainability 

2 (2010): 1632-1644, p. 1635. 
162 Ibidem. 
163 S.-C. Lee and S.-I. Na, "E-Waste Recycling Systems and Sound Circulative Economies in 

East Asia: A Comparative Analysis of Systems in Japan, South Korea, China and Taiwan," Sustainability 

2 (2010): 1632-1644, p. 1639. 
164 S. Herat and P. Agamuthu, "E-waste: A Problem or An Opportunity? Review Of Issues, 

Challenges and Solutions in Asian Countries," Waste Management & Research 30, no. 11 (2012): 1113–
1129, p. 1116. 
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electrical and electronic equipment165. Nevertheless, irregular exports still occur, 

accounting for approximately 30% of the e-waste generated166.  

The LRHA is based on the principle of EPR, resulting in the assignment of 

responsibilities (collection and recycling) to manufacturers. In addition, manufacturers 

are required to specify their own recycling facilities or designate a recycling company, 

which must respect fixed mandatory recycling targets. These targets were 80% for air 

conditioners, 55% for television sets, 80% for refrigerators and freezers, and 82% 

washing machines in 2021167. As noted in Fig. 2.9, between 2008 and 2021, there has 

been an average increase of 32.5% in these mandatory recycling rates. 

 

 

Fig. 2.9 Compulsory Recycling Rates for Home Appliances in LRHA (2008-

2021) 

 

 

 
165 R.E. Hester and R.M. Harrison, Electronic Waste Management, Issues in Environmental 

Science and Technology, vol. 27 (Royal Society of Chemistry, 2009), p. 24. 
166 E. Ignatuschtschenko, "Electronic Waste in China, Japan, and Vietnam: A Comparative 

Analysis of Waste Management Strategies," Vienna Journal of East Asian Studies, vol. 9 (Praesens 
Verlag, 2017), pp. 29–58, p. 31. 

167 Ministry of Economy, Trade and Industry (METI), Joint Press Release with the Ministry of 
the Environment, "Current State of Enforcement of the Act on Recycling of Specified Kinds of Home 
Appliances (Collection Results) and Results of Recycling Efforts by Home Appliance Manufacturers 
(FY2021 Results)," available at: https://www.meti.go.jp/english/press/2022/0701_002.html. 

0 20 40 60 80 100

Air conditioners

Cathode ray tube TVs

LCD and plasma TVs

Refrigerators and freezers

Washing machines and cloth dryers

(%)

2021

2008



 58 

 

 

 

Source: METI, Current State of Enforcement of the Act on Recycling of Specified Kinds of Home 

Appliances (Collection Results) and Results of Recycling Efforts by Home Appliance Manufacturers 

(FY2021 Results); OECD EPR, Updated Guidance for Efficient Waste Management, Annex H., Recycling 

of electronic home appliances in Japan. 

 

It is interesting to note that the effective recycling rates achieved have remained 

constant through the years. For instance, in 2013, the recycling rates for air 

conditioners, CRT TVs, LCD and plasma TVs, refrigerators and freezers, washing 

machines and clothes dryers were 91%, 79%, 89%, 80%, and 88%, respectively. As of 

2021, the recycling rates were 92% for air conditioners, 72% for CRT TVs, 85% for 

LCD or plasma TVs, 80% for refrigerators and freezers, and 92% for washing machines 

and laundry dryers168. This consistency demonstrates that Japan’s home appliance 

recycling system is extremely effective, and it has maintained a high level of recycling 

efficiency over the years. 

With regards to the LPUR, this law’s scope covers personal computers and small 

batteries169 and it promotes manufacturers’ voluntary responsibility to recycle and 

reduce e-waste generation. Unlike the LRHA, which imposes compulsory obligations 

for manufacturers, the LPUR only encourages voluntary initiatives170. The cost 

allocation of the collection activity depends on the time of purchase. For instance, for 

computers purchased after October 2003, consumers do not have to pay an extra 

recycling cost, as the fee is internalized in the purchase price. While for computers 

purchased before this date, consumers pay a recycling fee upon disposal, as they do for 

discarded home appliances171. The reason behind the different responsibilities 

(compulsory and voluntary) between the two laws is due to the different purchasing 

patterns between home appliances and personal computers. In the case of personal 
 

168 Joint Press Release with the Ministry of the Environment, "Current State of Enforcement of 
the Act on Recycling of Specified Kinds of Home Appliances (Collection Results) and Results of 
Recycling Efforts by Home Appliance Manufacturers (FY2021 Results)," Ministry of Economy, Trade 
and Industry (METI), available at: https://www.meti.go.jp/english/press/2022/0701_002.html.; OECD, 
Extended Producer Responsibility: Updated Guidance for Efficient Waste Management, Annex H, 
"Recycling of electronic home appliances in Japan," available at: https://www.oecd-
ilibrary.org/sites/9789264256385-17-en/index.html?itemId=/content/component/9789264256385-17-en. 

169 Act on the Promotion of Effective Utilization of Resources, Act No. 48 of 1991. 
170 Ibidem. 
171 S.-W. Chung and R. Murakami-Suzuki, A comparative study of E-waste recycling systems in 

Japan, South Korea, and Taiwan from the EPR perspective, Reports 21, (Tokyo: Institute of Developing 
Economies, Japan External Trade Organization 2008), p. 128. 

https://www.meti.go.jp/english/press/2022/0701_002.html


 59 

 

 

computers, it is highly unlikely that consumers would bring their old computers to 

manufacturers when buying a new one, and usually, there is a significant time gap 

between the purchase of a new computer and the disposal of an old one. Consumers can 

either dispose of their old computers through manufacturers or post offices172. The 

recommended recycling rates in 2008 amounted to 50% for desktop computers, 20% for 

notebook computers, 55% for CRT monitors, and 55& for liquid crystal displays173.  

In 2013, the Act on Promotion of Recycling of Small Waste Electrical and 

Electronic Equipment came into effect, with the objective to extend the recovery of 

materials to small home appliances like mobile phones, digital cameras, and game 

devices. Municipalities and businesses take care of the collection of these appliances, 

with 102.498 tons collected in 2020, and a 4% and 10% increase in collection and 

recycling rates respectively from the previous year, which accounts for 52.222 tons of 

recycled materials174.  

To conclude, Japan is categorized as an advanced mechanism country for a 

number of reasons: it has implemented an efficient collection mechanism system, 

processing infrastructure and environmental standards, and despite smaller flaws in its 

legislation, its legal framework is generally strong. Overall, Japan serves as a model for 

other countries to follow in terms of developing an effective and sustainable e-waste 

management system. 

 

 

 

 

 

 

 

 
172 S.-W. Chung and R. Murakami-Suzuki, A comparative study of E-waste recycling systems in 

Japan, South Korea, and Taiwan from the EPR perspective, Reports 21, (Tokyo: Institute of Developing 
Economies, Japan External Trade Organization 2008), p. 128. 

173 Ibidem. 
174 Ministry of Economy, Trade and Industry (METI), Implementation Status of Recycling under 

the Act on Promotion of Recycling of Small Waste Electrical and Electronic Equipment (FY2020 Results), 
available at: 
https://www.meti.go.jp/english/press/2022/0823_003.html#:~:text=Outline%20of%20the%20Small%20H
ome,and%20to%20promote%20their%20recycling. 
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2.3.2 South Korea 

 

Fig. 2.10  Evolution of Relevant Policies and Regulations in South Korea: 

2008-2023.  

 

 

Source: The data for this figure was extracted from the compliance and risk (C2P) database. 

The relevant regulations and policies included in this analysis encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. For a detailed list of the exact 

policies and regulations considered, please refer to the precise listing provided in the appendix. 

 

 

The Republic of Korea is regarded as a “gadget mad”175 country. Its mobile 

ownership rate in 2013 was the highest in the world, accounting for 99% of the 

country’s population, with 67% of the population owning smartphones. Therefore, it 

does not come as a surprise that e-waste has become one of the largest increasing waste 

streams in the country, making South Korea the third generator of e-waste in East Asia 

after China and Japan176.  

South Korea has been constantly improving its e-waste management system to 

align with international best practices. In 1991, under the Law for Promotion of 

 
175 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 106. 
176 Ibidem. 
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Resources Saving and Reutilization (LRSR)177, South Korea introduced a deposit 

system for EEE through the Waste Producer Deposit-Refund System (PDR)178. The 

LRSR was enacted due to the concern that the country’s landfills would not be 

sufficient to contain waste, which was rapidly increasing. This law aimed at the 

conservation of resources, as well as the preservation of the environment through 

recycling, while the PDR was established to promote the collection and recycling of 

electronic products. This system involved the placement of a deposit on products, which 

was subsequently refunded based on the cost and number of products recycled179. Its 

initial scope included television sets and washing machines, with air conditioners and 

refrigerators later added180. However, this system was not void of challenges. In fact, 

the economic incentives set for manufacturers were insufficient; the deposit rate set for 

collection and recycling was considerably lower than the actual costs involved. As a 

result, it was more financially convenient for manufacturers to pay the deposit rather 

than invest in recycling181. 

After its entry into the OECD in 1996, South Korea’s environmental policy has 

been influenced by Western policies. In 2003, South Korea launched the Producer 

Recycling (PR) system, based on Extended Producer Responsibility. Adding to the four 

aforementioned products, computer, audio equipment, and OA (printers and fax 

equipment) equipment were added182. The PR system operates as follows: 

manufacturers must collect electronics per consumers’ request and meet item-specific 

recycling targets that are based on weight, ranging from 55% to 70%; the Ministry of 

the Environment yearly announces the rates. To fulfill their obligations, manufacturers 

can either build their own recycling plant, rely on commercial recycling companies, or 

join a Producer Responsibility Organization (PRO) scheme and pay the required fees. 

Both individual and collective responsibility are allowed by the system. If the 

 
177 Korean Ministry of the Environment, Act on The Promotion of Saving and Recycling 

Resources (2002), available at https://leap.unep.org/countries/kr/national-legislation/act-promotion-

saving-and-recycling-resources.  
178 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 107. 
179 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 

Environmental Science and Pollution Research 27, no. 13 (2020): 14412–1443, p. 14418. 
180 S.-W. Chung and R. Murakami-Suzuki, A comparative study of E-waste recycling systems in 

Japan, South Korea, and Taiwan from the EPR perspective, Reports 21, (Tokyo: Institute of Developing 
Economies, Japan External Trade Organization 2008), p. 131. 

181 Ibi, p. 133. 
182 Ibidem.. 

https://leap.unep.org/countries/kr/national-legislation/act-promotion-saving-and-recycling-resources
https://leap.unep.org/countries/kr/national-legislation/act-promotion-saving-and-recycling-resources
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manufacturers are unable to meet with the mandatory recycling rates, they have to pay a 

fee whose amount is inversely proportional to the mandatory rates183. 

This strategy placed a strong emphasis on the expansion of recycling and 

adequate treatment procedures, rather than on sustainable design. In fact, if not 

economically convenient, it is difficult to incorporate environmental designs in new 

electronics. In addition, manufacturers were required to collect chlorofluorocarbons, but 

they are not required to an environmentally treat them. The Asan recycling plant is the 

only one in the country that destroys CFCs contained in refrigerator insulation, while 

the majority of CFCs collected are re-used without treating their hazardous 

characteristics.  

However, one of the most urgent issues were exports to other East Asian 

countries. Due to the absence of a monitoring system for the environmentally sound 

treatment of exported products, these items ended up in other countries without any 

kind of control. In addition, this system failed to distinguish e-waste from other kinds of 

waste184. As a result, starting in 2008, the mandatory recycling of electronic waste and 

waste vehicles was separated from the Extended Producer Responsibility (EPR) system 

and placed under the Act for Resource Recycling of Home Electric Appliances and 

Vehicles185. 

Unlike Japan, consumers in South Korea are not responsible for any cost related 

to the disposal of their home appliances when buying a new one. Instead, the 

responsibility lies entirely with the producer186. On the one hand, due to volume-based 

recycling targets, producers are incentivized to increase their recycling efforts. This has 

resulted in effective recycling levels surpassing the mandatory targets187. On the other 

hand, the social costs associated with these targets are concerning. Given that cost of the 

collection, transport, and recycling is entirely borne by the producer, consumers may 

have to pay higher prices for products. In addition, in South Korea's recycling system, 

 
183 S.-W. Chung and R. Murakami-Suzuki, A comparative study of E-waste recycling systems in 

Japan, South Korea, and Taiwan from the EPR perspective, Reports 21, (Tokyo: Institute of Developing 
Economies, Japan External Trade Organization 2008), p. 133. 

184 S.-C. Lee and S.-I. Na, "E-Waste Recycling Systems and Sound Circulative Economies in 
East Asia: A Comparative Analysis of Systems in Japan, South Korea, China and Taiwan," Sustainability 

2 (2010): 1632-1644, p.  1636.  
185 Ibidem. 
186 Ibi, p.  1640. 
187 Ibi, p.  1643. 
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unlike in Japan’s, products are considered as part of the recycled weight if they are used 

as a resource, even if they are not completely broken down into raw materials188.  

 

Table 2.1 Average Big 6 Products189 Put on Market and Recycled in South 

Korea (2011-2013) 

 

YEAR PRODUCTS 

PUT ON THE 

MARKET 

EPR 

TARGET 

RATE 

ACTUAL 

AMOUNT 

RECYCLED 

ACTUAL 

RECYCLING 

RATE 

2011 609,167 20% 121,858 20% 

2012 569,819 24% 135,312 24% 

2013 570,630 26% 149,350 26% 

 

Source: Regional E-waste Monitor: East and Southeast Asia 2016, p. 112. 

 

In conclusion, South Korea has implemented a successful EPR program for e-

waste management. The country has set up EPR targets which are mostly respected by 

manufacturers. In addition, the recycling rates have consistently increased over the 

years. With its robust legal framework, well-established collection and processing 

infrastructure, as well as strong environmental, health, and safety standards, South 

Korea is regarded as an advanced mechanism country. Moreover, its pioneering role in 

e-waste management has contributed to placing this country at the forefront of Green 

ICT development, as will be further discussed.  

 

 

2.3.3 Taiwan  

 

Fig. 2.11  Evolution of Relevant Policies and Regulations in Taiwan: 1980-

2023. 

 
188 S.-C. Lee and S.-I. Na, "E-Waste Recycling Systems and Sound Circulative Economies in 

East Asia: A Comparative Analysis of Systems in Japan, South Korea, China and Taiwan," Sustainability 

2 (2010): 1632-1644, p. 1643. 
189 Air conditioners, televisions, washing machines, refrigerators, mobile phones and personal 

computers. 
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Source: The data for this figure was extracted from the compliance and risk (C2P) database. 

The relevant regulations and policies included in this analysis encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. For a detailed list of the exact 

policies and regulations considered, please refer to the precise listing provided in the appendix. 

 

Taiwan is a high-income country, with a large domestic and increasing EEE 

market. From 2009 to 2014, e-waste generation in Taiwan increased by 20%190. The Big 

6 products correspond to 40% of the total amount of e-waste. Taiwan is home to 

computer manufacturers like Acer and Asus, and to the largest contract electronics 

manufacturing company in the world, Foxconn191.  

This country’s waste disposal and recycling processes are regulated by The 

Waste Disposal Act Law (WDA)192, enacted in 1988, which has been constantly 

amended, with e-waste being included in its scope in recent years. In 1997, under this 

law, the “4-in-1 recycling program” was introduced193. This program launched the 

Recycling Management Fund (RFM), to which manufacturers are required to pay 

recycling fees. In Taiwan, the four main actors associated with e-waste management are 

 
190 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 97. 
191 Ibidem.  
192 Environmental Protection Administration, Waste Disposal Act. 
193 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 

Environmental Science and Pollution Research 27, no. 13 (2020): 14412–1443, p. 14417. 
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community residents, the recycling industry, the Fund, and the local government194. The 

initial scope of this scheme included televisions, refrigerators, washing machines, and 

air conditioners, with printers, IT products, and other peripherals later added. 

Nevertheless, the EPR obligations set do not include all EEE products, e.g., small 

household appliances are not covered195. 

Under the RFMC system, manufacturers are the only actors to bear the economic 

responsibility for the recycling of e-waste, through the payment of fees. Community 

residents are responsible for the promotion of recycling activities, and the local 

government is responsible for collecting and channeling e-waste toward the recycling 

industry196. In addition, economic incentives are used to induce commercial recycling 

companies to join the scheme197. 

Taiwan's waste management system includes a number of distinctive 

characteristics. One of these aspects is the possibility of local governments selling 

collected e-waste to individual private recyclers or collectors, which encourages 

competition while also generating revenue. This revenue is then put back into the 

community in the form of grants for community waste collection stations. Another 

element is the system’s diversified recycling cost structure. In this system, the Green 

Differential Fee Rate reduces the recycling fee rate for greener products such as Green 

Mark-labeled items or energy/water-efficient items. To discourage the use of less 

environmentally friendly products, a premium is added to the recycling fee rate. This 

structure fosters the usage of greener products and motivates producers to create more 

environmentally friendly electronics198. This practice exemplifies Taiwan’s substantial 

advancement in the concretization of green ICT solutions. For instance, to recycle a 

non-LCD TV set of 27 inches or larger, the regular fee would be NT$371 (US$26) per 

 
194 Ibi, p. 14418. 
195 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 98. 
196 Ibidem. 
197 S.-W. Chung and R. Murakami-Suzuki, A comparative study of E-waste recycling systems in 

Japan, South Korea, and Taiwan from the EPR perspective, Reports 21, (Tokyo: Institute of Developing 
Economies, Japan External Trade Organization 2008), p. 136. 

198 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 98. 
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unit. However, if the TV set possesses green characteristics, the fee is discounted by 

30%, resulting in a fee of NT$260 (US$18) per unit for recycling a green TV set199. 

 

Fig. 2.12 Home Appliances and IT Equipment Recycling Quantities in Taiwan 

(2006-2010) 

 

 

Source: Environmental Protection Agency (EPA), Recycling and Waste Electrical and 

Electronic Equipment Management in Taiwan: a Case Study. 

 

At present, 80% of Taiwan’s generated e-waste is recycled200, but a complete 

circular economy structure is yet to be achieved. Nevertheless, green manufacturing and 

green consumption are largely promoted201. In conclusion, given its strong legal 

framework and enforcement, established collection and effective infrastructure, as well 

as high environmental standards, Taiwan is regarded as an advanced mechanism 

country. 

 

 
199 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 101. 
200 A. Ibitz, "How Taiwan strives to turn into a Circular Economy: the E-Waste Sector," 

(Wenzao Ursuline University of Languages, 2018), p. 3. 
201 Ibi, p. 4. 
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2.3.4 Hong Kong 

 

Fig. 2.13 Evolution of Relevant Policies and Regulations in Hong Kong: 1980-

2023. 

 

 
Source: The data for this figure was extracted from the compliance and risk (C2P) database. 

The relevant regulations and policies included in this analysis encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. For a detailed list of the exact 

policies and regulations considered, please refer to the precise listing provided in the appendix. 

 

Hong Kong is a Special Administrative Region of the People’s Republic of 

China. This region is of particular interest as its political system differs from that of the 

mainland, which sets it apart and places it in a distinct category within the e-waste 

matrix202. Its economy is highly developed and so is its e-waste generation. With a 20,2 

kg generation of e-waste per capita and 153 kt of total e-waste generated 203, Hong 

Kong is highly contributing to the e-waste generation of East Asia. The main challenge 

associated with Hong Kong is its scarce territory: its landfills are not sufficient to 

 
202 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 117. 
203 C.P. Baldé, E. D’Angelo, V. Luda, O. Deubzer, and R. Kuehr, Global Transboundary E-

waste Flows Monitor - 2022 (Bonn: United Nations Institute for Training and Research (UNITAR), 

2022), p. 107. 
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contain all the e-waste produced. As a result, the majority of e-waste generated on the 

island is exported204. 

The legislative differences between Hong Kong and mainland China contributed 

to the creation of a loophole in e-waste management, thus creating the “one country, 

two systems”205 phenomenon. Due to the geographical position of Hong Kong and the 

Guangdong Province, there are several transboundary environmental challenges, as e-

waste is illegally moved between the two territories. Collaborative mechanisms were 

established to tackle this issue. However, despite these joint efforts, the movement of e-

waste between the two remains a problem, mainly due to the fact that Hong Kong has 

different measures in place for the movement of e-waste206. In fact, under the Waste 

Disposal Ordinance (WDO) of 2005, e-waste can be legally imported or exported with a 

permit control from the local authority207. As a result, e-waste can illegally enter China 

through Hong Kong without China’s permission, and despite China’s bans208. 

The subsequent Promotion of Recycling and Proper Disposal (Electrical 

Equipment and Electronic Equipment) Amendment Bill in 2015 imposed a recycling fee 

on certain products and established a licensing system for recyclers, also extending the 

scope of the producer responsibility scheme. This system allows the government to set 

recycling targets and measures for the promotion of proper disposal of e-waste209. Since 

December 2018, an additional Producer Responsibility Scheme (PRS) on e-waste was 

implemented. Under this scheme, EEE producers must register, satisfy legislative 

responsibilities, present recycling labels, and provide a free removal service to dispose 

 
204 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 128.  
205 N. W. M. Wong, "Electronic Waste Governance under 'One Country, Two Systems': Hong 

Kong and Mainland China," International Journal of. Environmental Research Public Health (2018), p. 
5. 

206 Ibidem. 
207 Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 128. 
208 N. W. M. Wong, "Electronic Waste Governance under 'One Country, Two Systems': Hong 

Kong and Mainland China," International Journal of. Environmental Research Public Health (2018), p 
10. 

209 Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 128. 
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of the same class of equipment. For the storage, treatment, reprocessing, or recycling of 

abandoned garbage, a waste disposal license is necessary210.  

In terms of collection mechanism, sixteen collection points were designated to 

collect e-waste, as well as mobile collection vehicles211. These mobile collection 

vehicles collect e-waste from different districts each week. With regards to processing 

infrastructure, a Waste Electrical and Electronic Equipment Treatment and Recycling 

Facility (WEEE PARK) was developed to support the existing scheme, ant it has been 

fully operational since March 2018212. Environmental, Health, and Safety (EHS) 

standards also play a crucial role: local collectors and recyclers are obliged to comply 

with set standards and undergo random controls213.  

In conclusion, Hong Kong is currently categorized as a Voluntary initiative 

country, but it is constantly moving towards improvement of its legal framework and 

infrastructure for managing e-waste. With progresses in its legislative framework and its 

infrastructure, Hong Kong is making large steps towards better sustainable practices of 

e-waste management.  

 

2.3.5  China  

 

Fig. 2.14 Evolution of Relevant Policies and Regulations in China: 1991-2021. 

 
210 The Government of the Hong Kong Special Administrative Region, Environmental Protection 

Department, "Producer Responsibility Scheme," available at: 
https://www.epd.gov.hk/epd/english/environmentinhk/waste/pro_responsibility/index.html. 

211 N. W. M. Wong, "Electronic Waste Governance under 'One Country, Two Systems': Hong 
Kong and Mainland China," International Journal of. Environmental Research Public Health (2018), p 
10. 

212 Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 128. 
213 N. W. M. Wong, "Electronic Waste Governance under 'One Country, Two Systems': Hong 

Kong and Mainland China," International Journal of. Environmental Research Public Health (2018), p 
10. 
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Source: The data for this figure was extracted from the compliance and risk (C2P) database. 

The relevant regulations and policies included in this analysis encompass all policies, amendments, new 

regulations, and other relevant measures related to the e-waste discourse. For a detailed list of the exact 

policies and regulations considered, please refer to the precise listing provided in the appendix. 

 

China is the second largest economy in the world, as well as the most populous 

country214. Over 50% of China’s total population lives in urban areas, even though an 

ever-increasing process of urbanization has been occurring place in recent years. 

Moreover, China is the global largest manufacturer and exporter of goods, accounting 

for 22.4% of the global manufacturing output215. 

In 2011, China became the world’s largest market for personal computers. 

Furthermore, in terms of volume, China is the largest market for mobile phones and 

televisions. Due to the significant increase in the demand of electronics such as TVs, 

washing machines, air conditioners, and computers, the total ownership of electronics in 

China has increased enormously. Consequently, the amount of e-waste generated 

increased as well, from 9.91 million units in 2001216 to 20.8 million units in 2021217.  

 
214 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 140. 
215 Ibidem. 
216 Ibidem. 
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Table 2.2 Annual Amount of Electrical and Electronic Products Domestically 

Discarded in China (in ten thousand units) 

 

Source: CHEARI (China Household Electric Appliance Research Institute) – Data from the 
White paper on recycling, processing and comprehensive utilization of waste electrical and electronic 

products in China - WEEE recycling industry China 2013; the White paper on recycling, processing and 

comprehensive utilization of waste electrical and electronic products in China - WEEE recycling industry 

China 2021. 
 

The average percentage increase from 2009 to 2013 amounted to 21.05%. 

Assuming a constant rate of increase, from 2013 to 2021, the estimated average 

 
217 CHEARI (China Household Electric Appliance Research Institute), 2021. White paper on 

recycling, processing and comprehensive utilization of waste electrical and electronic products in China - 

WEEE recycling industry China 2021. 

Year TV 

Sets 

Refrigerators Washing 

Machines 

Air 

Conditioners 

Microcomputers Total 

 

2001 

654.75 37.94 298.55 - - 991.24 

2006 1566.03 337.97 731.18 - 393.41 3028.60 

2009 2198.04 546.22 981.36 96.38 1326.40 5148.40 

2010 2375.02 654.25 1050.15 122.06 1652.55 5854.03 

2011 2548.04 744.17 1130.52 98.17 2149.82 6670.72 

2012 2772.91 867.90 1263.58 150.81 2529.81 7585.01 

2013 3203.72 1278.57 1261.66 1529.95 3706.28 10980.18 

2020 5521.13 3694.94 3542.25 3883.76 2244.13 18886.21 

2021 6260 4162.2 3542.9 4454.7 2421.8 20841.6 
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percentage increase is 16.5%, indicating a potential decrease in the yearly increase rate. 

It is worth noting, however, that between 2013 and 2021, there was a significant 

increase of 72.19%. Additionally, the percentage increase curve appears to be 

descending, with an increase of 10.34% between 2020 and 2021.  

Newer white papers currently cover categories that were recently added to the 

scope of China’s Regulation on the Management of Waste Electrical and Electronic 

Products, such as grease pumps, water heaters, gas water heaters, printers, copiers, fax 

machines, fixed telephones, cell phones, and monitors. Considering these categories as 

well, the total number of domestically discarded electrical and electronic equipment 

units in China would be 71.5 million in 2020 and 80.6 million units in 2021, which 

correspond, respectively, to 7 Mt and 7.6 Mt of e-waste218. 

In 2019, China generated 9.450 metric tonnes of e-waste219. This marks a 

significant growth from the 6.033 metric tonnes of e-waste generated in 2013220, with an 

increase of approximately 56% over a five-year period. In addition, despite the efforts 

of the government to end this phenomenon, China also receives e-waste from other 

countries. According to estimates, from 1.5 to 3.3 million tonnes of e-waste are 

imported annually, through various legal and illegal channels221.  

To address the issue of the ever-increasing number of e-waste imported from 

developed nations such as the U.S., China posed a ban on such imports in 2000, 

following the Basel Convention. Subsequently, the government of China implemented 

several regulations and policies to tackle this phenomenon, as noted in Table 2.3, many 

of these regulations originated from already existent national laws. 

 

 

 

 

 

 
218 CHEARI (China Household Electric Appliance Research Institute), 2021. White paper on 

recycling, processing and comprehensive utilization of waste electrical and electronic products in China - 

WEEE recycling industry China 2021. 
219 Please note that this amount of e-waste was calculated as described in Table 2.2 
220 C.P. Baldé, F. Wang, R. Kuehr, and J. Huisman, The global e-waste monitor (United Nations 

University, IAS – SCYCLE, 2014), p. 64. 
221 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p.  142. 
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Table 2.3 Development of Chinese Regulations and Policies on E-Waste  

 

 

YEAR REGULATION/POLICY ORIGINATED 

FROM LAW 

CONTENT 

2000 Ban on e-waste imports Basel Convention Ban imposed on e-waste imports. 

2006 Technical Policy on Pollution 

Prevention and Control of 

Waste Electrical and 

Electronic Products 

The Law on the 

Prevention and 

Control of 

Environmental 

Pollution by Solid 

Waste (2004) 

Based on the 3R and Polluter Pays 

principles, it promotes eco-design and 

sets environmentally sound practices 

for e-waste, which sets forth provision 

for the collection, reuse, recycling and 

disposal of e-waste. 

2007 Ordinance on Management of 

Prevention and Control of 

Pollution from Electronic and 

Information Products 

Cleaner Production 

Law (2002) 

Referred to as China RoHS, it outlines 

requirements for eco-design, including 

limitations on the use of hazardous 

substances, and mandates information 

disclosure by producers. 

2008 Administrative measures on 

pollution prevention of 

WEEE 

Circular Economy 

Promotion Law 

(2008) 

It covers the preventive measures 

during disassembly, recycling and 

disposal of e-waste, as well as a 

licensing program for recyclers. 

2011 Regulation on the 

Management of Collection 

and Disposal of Waste 

Electrical and Electronic 

Products (known as China 

WEEE)222 

Circular Economy 

Promotion Law 

(2008) 

Known as China WEEE, it mandates 

e-waste recycling, introduces 

Extended Producer Responsibility 

(EPR), and creates a fund to subsidize 

e-waste recycling. Initially, only TVs, 

refrigerators, washing machines, air 

conditioners, and computers were 

covered under this law. In the second 

batch, the law was extended to cover 

 
222 State Council of the People’s Republic of China No. 551, The Regulations for the 

Administration of the Recovery and Disposal of Waste Electric and Electronic Products. 
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other items, e.g. printers, copiers, 

mobile phones, water heaters, and 

monitors. 

2012 Extended Producer 

Responsibility (EPR) system 

 
It consists of general rules on tax 

administration, subsidy utilization, 

supervision, and legal liability of e-

waste management. Its aim is to 

ensure formal recycling of e-waste 

through taxes collected from 

producers and importers, and subsidies 

provided by the government to 

incentivize competition with informal 

enterprises. 

 

 

 

Source: Regional E-waste Monitor: East and Southeast Asia, Environmental Science and Pollution 

Research (2020) 27:14412–14431, Renewable and Sustainable Energy Reviews 62 (2016) 882–894.  

  

Despite these legislative efforts and increased investment in recycling, the 

informal sector continues to dominate the e-waste market. In 2007, 0.7 million people 

worked in the e-waste recycling sector of China, and 98% of these were employed in the 

informal sector223. In 2009, around 70% of e-waste imported to China was illegal and 

illegally imported in the country through remaining loopholes, such as Hong Kong and 

the border with Vietnam. Due to the “one country, two systems” policy, Hong Kong 

was the crucial point through which e-waste could be easily imported, thus bypassing 

the Ban224.  

China's development of the EPR system can be divided into three distinct 

periods: before May 2009, from June 2009 to June 2012, and after July 2012. Prior to 

 
223 S. Herat and P. Agamuthu, "E-waste: A Problem or An Opportunity? Review Of Issues, 

Challenges and Solutions in Asian Countries," Waste Management & Research 30, no. 11 (2012): 1113–
1129, p. 1116.  

224 K. Lines and B. Garside, Clean and inclusive? Recycling e-waste in China and India: Issue 

paper (London: IIED, 2016), p. 27. 



 75 

 

 

May 2009, e-waste management in China was characterized by unregulated collection 

and disposal by private traders, including street peddlers and family-run workshops225. 

This resulted in significant environmental pollution and uncontrolled waste 

management practices. The majority of e-waste in China is processed in urban 

“recycling villages”226, thus outside of the formal framework. These villages’ economy 

is often entirely based on imported e-waste. Without any type of safety or health 

standard, migrants or residents take care of dismantling and recycling e-waste, using 

non-environmentally sound practices to recover valuable materials such as gold and 

copper.227 The environmental and health consequences of these unsafe practices are 

well-known. For example, multiple studies have detected increased levels of pollutants 

in the air, soil, water, and human tissue in Guiyu, which, in the road dust were over 300 

times higher than in a nearby village228.  

The e-waste collection for households and businesses is dominated by informal 

waste pickers, called “pedlars”229, who walk door to door to pick up e-waste. These 

waste pickers are usually poor and marginalized people, such as older people and rural 

migrants. They are usually willing to pay more than formal collectors to retrieve e-

waste. Although other traders, retailers, collectors, and second-hand markets exist in 

China, pedlars collect about 88% of e-waste230. The informal e-waste sector in China is 

not only driven by the extraction of valuable materials but also by refurbishing 

electronic devices for reuse. Second-hand electronic devices are increasingly popular in 

rural areas, leading to a growing market, and the high demand and favorable prices for 

extracted materials continue to fuel the development of complex informal networks for 

recycling and trading in China231. Clearly, such an uncommon e-waste recycling system 

requires a unique approach in order to be properly managed. 

From June 2009, the country began implementing a formal recycling program 

for e-waste, paving the way for a new phase in China's approach to e-waste 

 
225 J. Cao, B. Lu, Y. Chen, X. Zhang, G. Zhai, G. Zhou, B. Jiang, and J.L. Schnoor, "Extended 

producer responsibility system in China improves e-waste recycling: Government policies, enterprise, and 
public awareness," Renewable and Sustainable Energy Reviews 62 (2016): 882-894, p. 884. 

226 K. Lines and B. Garside, Clean and inclusive? Recycling e-waste in China and India: Issue 

paper (London: IIED, 2016), p. 28. 
227 Ibidem. 
228 Ibidem. 
229 Ibidem. 
230 Ibidem. 
231 Ibidem. 
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management. China introduced the “old for new”232 policy in order to encourage formal 

e-waste collection and reduce environmental pollution. This policy introduced subsidies 

for the transportation of e-waste and led to a more standardized and large-scale 

recycling industry. However, the implementation of this policy ended in 2012 in the 

majority of the pilot areas. As a result, while in 2011 a total of 56.3 million units of e-

waste were recycled by formal channels, and the recycling rate was 84.5%, in 2012 the 

quantity of e-waste recycling decreased to 20.7 million units, accounting for only one-

third of the amount recycled in 2011. The recycling rate also dropped to 35.7% in 

2012233.   

From July 2012, China began the implementation of an EPR system applied to 

domestic EEE producers and EEE importers, through new provisions including general 

rules, tax administration, subsidy utilization, legal liability, supervision and 

supplemental rules. The taxes collected through this system are used for subsidies and 

fees, respectively for e-waste recycling and for management information system 

construction (MIS). After China customs started to levy taxes on July 1, 2012, EEE 

producers contributed with 1.8 billion RMB ($285 million), 2.81 billion RMB ($454 

million), and 2.88 billion RMB ($469 million) in 2012, 2013, and 2014, respectively234.  

 

Table 2.4 Recycling Systems and China’s E-waste Recycling Rates from 2010 

to 2014 

 

YEAR RECYCLING RATE SYSTEM IN PLACE 

2010 32.8% EPR preparation stage 

2011 84.5% EPR preparation stage 

2012 35.7% End of the preparation stage and 

start of the implementation stage  

2013 43.9% EPR implementation stage 

2014 61.7% EPR implementation stage 

 

 
232 J. Cao, B. Lu, Y. Chen, X. Zhang, G. Zhai, G. Zhou, B. Jiang, and J.L. Schnoor, "Extended 

producer responsibility system in China improves e-waste recycling: Government policies, enterprise, and 
public awareness," Renewable and Sustainable Energy Reviews 62 (2016): 882-894, p. 884. 

233 Ibidem. 
234 Ibi, p 885. 
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Source: Renewable and Sustainable Energy Reviews, 62, 882-894. 

 

Promoted by EPR, the e-waste recycling rate in the first years of implementation was 

clearly increasing. In 2014, it amounted to 61.7%, significantly higher than in 2013, 

when the recycling rate amounted to 43.9%. According to statistics of China Resource 

Recycling Association (CRRA), the resources saved by e-waste recycling in 2013 were 

equal to 143 thousand tonnes of standard coal plus 23.9 million cubic meters of 

water235.  

 

In conclusion, China has significantly improved its e-waste management over the years. 

However, the country’s situation remains concerning. The current legal framework for 

e-waste management is fragmented, resulting in the illegal importation of e-waste, lack 

of regulation and control of the informal e-waste processing sector, as well as weak 

enforcement of environmental protection regulations. China is currently in a transitional 

phase, with a mix of formal and informal elements. It is worth noting that the country is 

undergoing a transition towards a circular economy, with a focus on eco-design 

principles that are particularly relevant to circular electronics. Efforts are being made in 

the direction of Green ICT, indicating a move towards more sustainable practices. 

 

 

Regardless of their economic development, the East Asian countries in object 

face similar challenges. While sharing similar concerns, each of them also faces a 

unique context and different constraints. These challenges may be present throughout 

the post-consumer e-waste chain, including consumer awareness or recycling 

techniques, regulations, and enforcement236. While e-waste collection is a common 

challenge for all countries, developed and developing countries deal with this challenge 

in different manners: developed countries have to deal with an increasing rate of e-

waste which is collected separately, whereas in developing countries astonishing 

collection rates are reached through door-to-door informal collection237. However, one 

of the most important challenges that unite these countries is the need for more 
 

235 Ibidem. 
236 S. Honda, D. S. Khetriwal, and R. Kuehr, Regional E-waste Monitor: East and Southeast Asia 

(Bonn, Germany: United Nations University ViE – SCYCLE, 2016), p. 64. 
237 Ibidem. 
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sustainable e-waste management practices. This is where green ICT practices can play a 

significant role in providing a solution. Eco-design practices promoted in China and 

Green Differential Fee Rates in Taiwan are just a few examples of the initiatives that 

demonstrate the potential of green ICT in shifting towards a circular and greener 

economy. As will be further discussed in the following chapter, the use of 

environmentally friendly technologies and practices can help to minimize the impact of 

e-waste on the environment, and to create a more sustainable future. 
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3. The Impact of Green ICT on E-
Waste Management: An Overview 
of Digital Solutions and their Role 
in Sustainability 

 

Digitalization, or digital transformation, is a transformative force which shapes 

our society, economy and daily lives in multiple ways. This term refers to the process of 

implementation of digital technologies that enhance and collaborate with existing 

methods and technologies238. Digitalization encompasses the entire lifecycle 

(production, use and disposal) of hardware, software, and digital applications. These 

include a large range of technologies, such as robotics, the Internet of Things (IoT), 

blockchain, and Artificial Intelligence (AI)239. The phenomenon of digitalization 

constitutes a “megatrend”240 of our time due to its impact on different dimensions of 

human existence. During the COVID-19 pandemic, there was a substantial increase in 

the utilization of international bandwidth, which is the amount of data that is transmitted 

internationally. As a matter of fact, the usage of the international network increased by 

38%, thus surpassing previous growth rates by 6%241. At present, 93% of the global 

population has access to mobile network connectivity, and 85% of the global population 

is covered by 4G network242. Clearly, this constant development and production of 

digital technologies ultimately results in electronic waste generation.  

The data available on e-waste indicates a significant increase over time. In 2014, 

the total amount of e-waste generate globally was 44.4 Mt, with an average of 6.4 kg 

per capita. By 2019, e-waste generation increased by approximately 20.7%, reaching 

53.6 Mt of e-waste generated, with 7.3 kg per capita. Projections suggest that in 2030, 

 
238 R. Liu, P. Gailhofer, C. Gensch, A. Köhler, and F. Wolff, Impacts of the digital 

transformation on the environment and sustainability: Issue Paper under Task 3 from the "Service 

contract on future EU environment policy" (Oko-Institut e.V., 2019), p. 20. 
239 Ibidem. 
240 Ibidem. 
241 International Telecommunication Union, the WEEE Forum, the GSMA, and Sofies-Group, 

"Digital solutions for a circular electronics value chain," thought paper for International E-Waste Day 
2021 (2021), p. 8. 

242 Ibidem. 



 80 

 

 

the volume of e-waste could reach 74.7 Mt, with 9 kg per capita. These trends and 

growth rates are observable in Fig. 1.1. The impact of digitalization and the 

consumption of electronic devices can be observed in the following Fig. 3.1. In this 

figure, the focus was placed on analyzing the number of internet users as a key 

indicator, as the use of internet includes various aspects of EEE consumption, such as 

hardware and software use, as well as energy consumption. Hence, the global number of 

internet users is an important representation of the growing reliance on digital 

technologies.  

 

Fig. 3.1 Projected trend in Internet Users (in hundred thousand units) and 

electronic waste (Mt) 

 

 
Source: Global E-waste Monitor 2020, Quantities, flows and the circular economy potential, p. 

24; Statista, Global number of internet users 2005-2022. The projected number of internet users up to 

2030 was based on an analysis of historical data from 2005 to 2022. Based on the assumption of a 

consistent growth rate, an exponential increase pattern consisting of an average increase of 

approximately 9.84% was identified by observing the annual growth rates. 

Nevertheless, the role of digital solutions is not merely related to e-waste 

generation or further negative consequences for the environment. In fact, digitalization 

is comparable to a double-edged sword. On the one hand, the constant development and 

proliferation of the ICT sector results in detrimental ecological consequences. On the 

other hand, the solution lies within the problem: digital solutions can significantly 

contribute to better manufacturing and disposal of electronics, or, in other words, they 

can facilitate their circularity. At present, shifting to a circular economy model is crucial 

to address the unsustainable rate at which we are consuming and depleting the Earth's 
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resources. However, only about 9% of the global economy is considered circular, which 

means that a significant portion of resources and materials are wasted or disposed of 

rather than recycled or reused243. 

 

3.1 Overview of Green ICT and Digital Solutions in E-Waste 
Management 

 

As widely recognized, there are several drivers of climate change which 

contribute to global warming as a consequence of the release of greenhouse gases 

(GHGs), mostly in the form of carbon dioxide (CO2)244. The current prospected 

trajectory of global warming indicates that the world is falling short with its targets. As 

a result, we find ourselves on the verge of a climate catastrophe. It is projected that the 

global temperature will rise by 2 degrees Celsius by 2060, thus leading to severe 

consequences for the economy, society, and the environment245.  In this context, it is 

crucial to acknowledge that the phenomenon of digitalization is a contributing factor: 

the increasing adoption and development of digital technologies result in a significant 

carbon footprint, further exacerbating the climate crisis. As the use of digital 

technologies keeps expanding, the demand for electricity to power these electronics 

subsequently increases. It is projected that by 2025, the ICT industry will be using 20% 

of the world’s electricity246. An evident example of this is data centers, facilities that 

house IT infrastructure for information and communication-related activities and their 

storage247. The global energy consumption of data centers amounted to 2.3% of global  

emissions in 2020248. The carbon emissions released from data centers globally 

surpass the combined emissions of the Netherlands and Argentina249.  

 
243 S. Ali and F. Shirazi, "The Paradigm of Circular Economy and an Effective Electronic Waste 

Management," Sustainability 15, 1998, no. 3 (2023), p. 2. 
244 International Telecommunication Union, ITU Publications, Turning Digital Technology 

Innovation into Climate Action (Geneva: ITU, 2019), p. 3. 
245A. Hedberg and S. Šipka, "The circular economy: Going digital," European Policy Centre, 

(2020), p. 10. 
246 International Telecommunication Union, ITU Publications, Turning Digital Technology 

Innovation into Climate Action (Geneva: ITU, 2019), p. 9. 
247 IBM, "Data Centers," IBM website, available at: https://www.ibm.com/topics/data-

centers?regionCode=US&languageCode=en&contactmodule=true. 
248 IEEE Sustainable ICT, "Initiative White Paper: A Smart and Sustainable World through ICT, 

Summary of the Inaugural Greening through ICT Summit Sustainability in a Connected World" (2018), p. 
2. 
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Being data centers composed mainly by servers (hardware) and support systems 

(power supply and cooling systems)250, most of these components will eventually 

become electronic waste. The current linear system of production and consumption 

further exacerbates the problem, leading to a 29% increase in GHG emissions from 

1990 to 2014, primarily caused by the improper disposal of e-waste in landfills251.  

Using the market development of servers as an indicator linked to the development of 

data centers, it is evident that there is an observable growth in the overall infrastructure 

of data centers (Fig. 3.2). 

Fig. 3.2 Projected Server Shipments worldwide from 2010 to 2030 (in million 

units)  

 

 

 

Source: Statista, Global server shipments 2010-2020. Based on the data from Statista and using 

annual growth rate of 4.7% from 2010 to 2020, projections were deduced up to the year 2030. It is 

important to note that these projections assume a constant growth rate, but actual numbers may vary due 

to different factors, such as technological advancements. 

 

 
249 A. Bose and S. Nag, "Green Computing - A Survey of the Current Technologies," Asia-

Pacific Journal of Management and Technology (AJMT) 3, no. 2 (2022): 01-15, p. 3. 
250 R. Liu, P. Gailhofer, C. Gensch, A. Köhler, and F. Wolff, Impacts of the digital 

transformation on the environment and sustainability: Issue Paper under Task 3 from the "Service 

contract on future EU environment policy" (Oko-Institut e.V., 2019), p. 53. 
251 S. Ali and F. Shirazi, "The Paradigm of Circular Economy and an Effective Electronic Waste 

Management," Sustainability 15, 1998, no. 3 (2023), p. 4. 
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The more data is created through technological advancements, the more data 

centers will be ecologically impactful252.  However, as will be elaborated in section 3.3, 

ICT development is not merely responsible for GHG emissions and e-waste, but also 

resource depletion, water consumption, land use and change, and loss of biodiversity253. 

 

It is evident that phenomenon of digitalization comes with numerous 

environmental pressures, which will exponentially increase in the near future. Being the 

electronic waste problem strictly linked to the development of digital solutions, it is 

crucial to prevent and manage e-waste properly. For this purpose, it is crucial to shift to 

a circular economy model rather than a linear model. A linear model is based on the 

"take-make-dispose"254 principle, in which resources are extracted, products are made, 

used, and ultimately discarded as waste. A circular economy model, on the other hand, 

encourages resource conservation and reduces waste generation by fostering the 3Rs, 

reduce, reuse and recycle. In this model, the process involves designing products with 

lower resource inputs, followed by the production phase, distribution phase, and 

consumer use. After use, the focus is placed on the reuse and repair of electronics, thus 

on a longer lifespan. Finally, these products are recycled in order to extract resources, 

thus closing the loop and reducing reliance on new raw materials. The result is an 

economic model which aims at the minimization of waste generated and at the 

maximization of resource efficiency255. Eventually, the goal is to reach a restorative 

model of production and consumption where the utilization of raw materials and energy 

consumption is greatly reduced256. The World Economic Forum identified five key 

components to foster the transition to a new circular vision for electronics, namely 

innovative design, effective material reintegration, repairability and durability, 

enhanced collection and consumer incentives, and advanced recycling and recovery257.  

 
 

252 R. Liu, P. Gailhofer, C. Gensch, A. Köhler, and F. Wolff, Impacts of the digital 

transformation on the environment and sustainability: Issue Paper under Task 3 from the "Service 

contract on future EU environment policy" (Oko-Institut e.V., 2019), p. 59. 
253 Ibidem. 
254 A. Hedberg and S. Šipka, "The circular economy: Going digital," European Policy Centre, 

(2020), p. 12. 
255 S. Ali and F. Shirazi, "The Paradigm of Circular Economy and an Effective Electronic Waste 

Management," Sustainability 15, 1998, no. 3 (2023), p. 2. 
256 Ibi, p. 4. 
257 World Economic Forum, A New Circular Vision for Electronics: Time for a Global Reboot 

(Geneva: World Economic Forum, 2019), p. 17. 
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In this context, digitalization could be a powerful enabler for transitioning to a 

circular economy258. Digital solutions can facilitate the implementation of sustainable 

practices such as Extended Producer Responsibility, thus covering the entire lifecycle of 

electronics, including the production and design phases. This holistic approach, known 

as Green ICT, highlights the need of adopting environmentally friendly practices 

throughout the whole life cycle of ICT goods and services. 

 

Green ICT, also known as Green Computing or Green IT, is a key concept in 

addressing the environmental effects of information and communication technology. 

While the three terms are frequently used interchangeably in the literature259, subtle 

differences in emphasis may exist between them. Green Computing focuses on 

environmentally friendly methods in electronic device manufacturing and production, 

whereas Green IT focuses on sustainable practices in the usage and operation of these 

devices. For the purpose of this thesis, the broader term “Green ICT” was identified to 

encompass the entire lifecycle of electronics. By adopting this term, the thesis 

acknowledges the importance of sustainable practices during the entire life cycle of 

electronics. This includes not only manufacturing and production processes, but also the 

responsible and eco-aware utilization of said electronics. The choice to focus on “ICT” 

rather than just “IT” stems from the awareness that sustainability concerns and practices 

should pervade every aspect of information and communication technology (ICT), and 

not only being confined to the information technology sector (IT). While Green IT 

focuses on hardware, software and IT operations in general, Green ICT encompasses a 

broader perspective, which includes data management, transfer and online 

communication, like in the case of cloud computing and data centers, as well as other 

emerging technologies.  

Therefore, Green ICT can be defined as the practice of utilizing information and 

communication technology in an environmentally sustainable manner in the context of 

electronics manufacturing, use, and disposal, with the ultimate goal to minimize the 

negative impact of ICT on the environment. More specifically, this section explores the 

 
258 S. Šipka, Towards Circular E-waste Management: How Can Digilisation Help?, (Brussels: 

Sustainable Prosperity for Europe Programme, European Policy Centre, WEEE Forum, SENS 
eRecycling, 2021), p. 3. 

259 A. Anam and A. Syed, "Green Computing: E-waste Management Through Recycling," 
International Journal of Scientific & Engineering Research 4, no. 5 (2013). 
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impact of Green ICT on e-waste generation and management, with the objective to 

investigate how environmentally sustainable practices in information and 

communication technology may contribute to reducing e-waste generation and fostering 

the circularity of electronics.  

The approaches concerning Green ICT practice can be summarized as follows: 

Green design, Green manufacturing, Green use, and Green disposal260.  

Green design, also referred to as eco-design or Design for the Environment 

(DfE), focuses on the environmentally friendly and energy-efficient design of 

electronics. Green manufacturing focuses on the use of sustainable processes and 

practices to produce electronics. Green use consists of the optimization of energy 

consumption and impacts of electronics during their operation phase. Finally, Green 

disposal focuses on the environmentally sound management of discarded electronics or 

their recycling and reuse261. The 3Rs, reduce-reuse-recycle, are crucial to this approach, 

due to their promotion of responsible waste management and minimization of its 

environmental impact.  

Given this perspective, it is unsurprising that digitalization embodies an 

intriguing duality. On the one hand, it contributes to the generation of GHG emissions 

and electronic waste. On the other hand, it can contribute significantly to a greater 

circularity of electronics, thereby minimizing e-waste and promoting sustainable 

practices. Consequently, this can result in a significant reduction in GHG emissions. 

Indeed, at present, digital solutions could already help decrease the current emissions by 

15%, and they could help achieve up to one third of the targeted GHG emission 

reductions by 2030262.  

The key technologies related to the Green ICT discourse are Artificial 

Intelligence (AI), Big Data Analysis, Blockchain, Cloud computing, Internet of Things 

(IoT), Robotics, and Sensor technology. These technologies are associated with Industry 

 
260 G.C. Peng, "Green ICT: A Strategy for Sustainable Development of China's Electronic 

Information Industry," China: An International Journal 11, no. 3 (2013): 68-86, p. 76. 
261 Ibidem. 
262 International Telecommunication Union, ITU Publications, Turning Digital Technology 

Innovation into Climate Action (Geneva: ITU, 2019), p. 13. 
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4.0, a term that conveys the current industrialization phase, characterized by the use of 

digital technologies in the manufacturing process263. 

Artificial Intelligence (AI) is a computerized system that employs cognition in 

order to comprehend information and solve problems, through machine learning264.  

Big Data Analysis involves the analysis of massive volumes of data to extract 

defined results. 

Blockchain is a distributed ledger technology which allows the secure and 

tamper-proof transactional applications, by securing data records through cryptography. 

Cloud computing provides network access to shared physical and virtual 

resources, allowing self-service provisioning and on-demand administration. 

The Internet of Things (IoT) is a global infrastructure which connects physical 

and virtual objects, thus enabling advances services through information and 

communication technologies. 

Robotics involves the use or programmable machines, commonly known as 

robots, which are computer controlled. 

Sensors are electronic devices that detect certain physical conditions or chemical 

compounds and deliver electronic signals based on the detected condition265.  

 

3.2 Positive Impacts of Green ICT Solutions in E-Waste 
Management 

 

To comprehend the role of digital solutions in the electronics value chain and 

how they can contribute to a circular economy through Green ICT development, it is 

crucial to consider the various phases involved. The life cycle of electronics 

encompasses key stages such as design, manufacturing, use, and disposal. In parallel, 

within the e-waste value chain, there are distinct steps, including e-waste generation, 

collection, sorting, recycling, and disposal. 

To successfully implement a transition to a circular economy model, it is 

necessary to rethink the entire value chain, beginning with the creation of electronics. 

 
263 International Telecommunication Union, the WEEE Forum, the GSMA, and Sofies-Group, 

"Digital solutions for a circular electronics value chain," thought paper for International E-Waste Day 
2021 (2021), p. 10. 

264 Ibidem 
265 Ibidem. 
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This requires a focus on four crucial phases: prevention, collection, and treatment. By 

focusing on these phases, a long-term strategy that maximizes resource efficiency while 

minimizing environmental impact could be established266. 

 

3.2.1 Prevention 

 

Indeed, the prevention of electronic waste should be the starting point for a more 

sustainable process267. The design phase of a product is crucial and holds a significant 

impact on its overall footprint; approximately 80% of a product’s environmental impact 

is determined during the design stage268. The employment of Green ICT solutions can 

help reduce waste in the manufacturing process, foster green design, and ensure 

traceability and transparency in the supply chain269. Lean manufacturing principles 

focus on maximizing productivity and minimizing waste at the same time through the 

prevention of defects, overproduction, processing waste, and the reduction of raw 

material inventory. Sensors, AI, and Big Data can contribute to these processes270.  With 

these technologies, electronics manufacturing can potentially be improved in its 

productivity and quality by 23%, if compared to the traditional manufacturing 

process271.  

Green design involves integrating environmental considerations into the product 

and system design processes. It focuses on minimizing environmental effect throughout 

the product's life cycle. Artificial Intelligence, Big Data and IoT tools can contribute to 

this process by increasing resource efficiency, visualizing better production systems and 

reducing waste at the creation stage of electronics. An illustrative example is the EU 
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Accelerated Metallurgy Project, carried out between 2011 and 2016272. AI algorithms 

were used for the analysis of big data and develop new alloy formations, resulting in a 

“virtual alloy library”273 composed of 14.000 specimens. These algorithms allowed 

researchers to identify alloys that aligned with circular economy principles, such as 

longer lifespans and non-toxicity. The usual alloy development time would have been 

some years. Instead, with the use of Green ICT solutions, the alloys were developed 

under one year time274. Another example is Circularise, a Dutch start-up which uses a 

blockchain platform to address the information divide within chemical and plastic 

supply chain275. This start-up allows for information exchange between the producer 

and the repairer using a QR code that provides information on the product, for example 

if the product contains mercury276. Following an initial audit, useful details regarding 

the product’s content are transmitted through the value chain, thus eliminating the need 

for numerous audits. This verification process can incentivize circular designs of 

products. With regards to electronics, Circularise has also been tested and already 

commercialized277.  

Considering the large presence of the illegal transboundary market of e-waste 

and its diffused informal sector, traceability is another important aspect of a more 

circular value chain for electronics. Blockchain is once again fundamental in this 

process: it allows for the tracking and tracing of electronics, like in the case of 

Circularise. Furthermore, the use of blockchain in this context allowed for the creation 

of “digital certification technologies”278, which can verify the authenticity, integrity, and 

security of digital information. These certifications are already being implemented. An 
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example is Dorae Inc., a tracking system implemented in the Democratic Republic of 

the Congo that allows for the search of cobalt and coltan, basically providing a digital 

certification for electronics279. 

The use phase of electronics includes their sale, consumption and repair. With 

regards to the EEE sale, retail e-commerce plays an important role. Retail e-commerce 

sales in 2021 amounted to approximately 5.2 trillion USD globally and are projected to 

increase by 56% in the next future280. The e-commerce Chinese market is projected to 

be the largest globally. In 2020, electronics were the most bought products in Europe, 

while computers reigned supreme in the U.S.281. It is interesting to note that used 

products digital marketplaces are on the rise, with a projected increase of 15% from 

2015 to 2025282. It would appear that consumer electronics place in the most resold 

category of products in e-commerce markets. Leasing is becoming a common practice 

as well through Product-as-a-service (PaaS), a model that sells the service rather the 

product, thus allowing the consumer to use it without owning it. It is evident that a 

longer lifespan of electronics would benefit this market. Digital technologies can 

contribute by providing a service that matches demand and supply of pre-owned 

EEE283. Nevertheless, the second-hand electronics market faces challenges such as 

quality concerns and possible malfunctions, factors that could discourage people from 

buying these products. Online markets can address these concerns by acting as 

intermediaries that enforce standards with strict quality check protocols. For example, 

eBay and Amazon provide platforms to sell used devices. These electronics are tested, 

refurbished, and packaged, thus adding legitimacy to them. The transparency of data is 

crucial in this process. Studies show that consumers are indeed choosing third-party 

platforms for second-hand electronics due to the benefits they offer, such as flexibility 

in payment and customer feedback284. 
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Another important aspect in the life cycle of electronics and most importantly 

for their life expansion is repair. This stage usually occurs during the "decision of 

fate"285 phase, which entails deciding if the product is eligible for repair and 

refurbishing for the second-hand market, or if it should be categorized as e-waste. A 

significant portion of GHGs emissions caused by EEE occurs during the manufacturing 

stage. It is evident that a longer life cycle would result in less emissions. As noted in 

Fig. 1.2, the average lifespan of smartphones, televisions, washing machines and 

vacuum cleaners is 2.3 years shorter than their designed or desired lifetime. An 

extension in the lifetime of these products, along with computers, by just one year, 

could approximately save 4 million tons of CO2 per year by 2030286.  

Easy access to repair and quality are important factors for consumers as well. As 

a result, policymakers in the European Union and in the U.S. are implementing the 

“right-to-repair”287 initiative to ensure that consumers have the right to repair their 

devices, thus breaking down the barriers imposed by manufacturers. Online platforms 

play a crucial role in facilitating access to information on how to repair EEE288. For 

example, ThyssenKrupp, a German company, uses IoT technology to enable predictive 

maintenance in elevators. Through the collection of data from these devices thanks to 

sensors and connectivity, performance is monitored, anomalies detected, and potential 

future failure predicted, as well as maintenance needs289. Another example is Bundles, a 

Dutch company that provides consumers with a PaaS model for home appliances 

through a monthly subscription. Through the use of IoT technologies, the effective 

usage of energy and water is tracked, and maintenance is optimized290. This business 

model embraces and promotes the principles of a circular economy, leveraging the 

power of Green ICT and sustainable practices.  
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3.2.2 Collection 

 

The collection phase is a post-consumer phase, during which the management of 

waste plays a crucial role. In this context, the concept of smart sustainable cities (SCC) 

has gained popularity as a result of the integration of digitalization and sustainable 

urban planning. In the smart sustainable city concept, digital technologies are used to 

deliver urban services, with waste management being a crucial point. Smart e-waste 

management is possible through IoT devices for sensor-based data acquisition, and, of 

course, data analytics. Through the secure transmission of data, these technologies can 

facilitate the circulation of products and components. In addition, blockchain 

technology holds a crucial role as well, as it enables automated actions, such as 

payments and certificate issuance, which can be applied to sustainability criteria, e.g., 

toxicity levels. Minimizing the need for a centralized system in this context is 

fundamental, as it reduces dependency on a single governing entity. The system is more 

transparent and secure, it ensures that transactions are verified and recorded without the 

need for a fixed authority to validate the process291. 

Furthermore, sensors and IoT can improve collection systems as well. In 

traditional waste collection, e-waste is collected in bins that are rarely inspected in their 

content, making it difficult to monitor if correct segregation is taking place292. One 

notable application of these technologies is the implementation of “smart bins”, garbage 

bins that utilize sensors to monitor fill levels and notify when the bins require emptying 

automatically. Clearly, this reduces cost and time for collectors. Also, the functionality 

of these devices can be enhanced through consoles on the bin or digital tags on 

electronics, both providing information on the EEE discarded, thus enabling operators 

to analyze the data and use them to make predictions on treatment293. The InnoWEEE 

project perfectly exemplifies this approach. This project, implemented in collaboration 
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with Italian PRO Erion, aimed to explore innovative approaches for the collection of e-

waste. Smart bins with advanced technology were equipped and citizens played an 

important role in this process. They entered information about the used EEE through a 

screen attached to the smart bins and the bins collected information through the digital 

tags attached to the discarded electronics294. 

 

3.2.3 Treatment 

 

Once the collection phase of electronic waste is finished, its circular treatment 

must be guaranteed. The circular treatment includes the sorting, dismantling, 

depollution, repair, and recycling of electronic waste. As previously introduced, the 

more electronics are developed, the more e-waste is generated. Based on the present rate 

of increase, it is estimated that e-waste generation will rise to 74.7 Mt by 2030, and to 

110 Mt by 2050295, with a respective increase of 39.4% and 105.22% from today’s 

generation. The recycling process will suffer the consequences of this ever-increasing 

quantity. 

Intriguingly, the very cause triggering the issue can also offer possible remedies 

and solutions. AI and robotics can optimize the sorting, dismantling, and recycling 

phases of e-waste treatment through image recognition. At the same time, machine 

learning can lead to a more homogeneous waste stream thanks to automatic sorting 

technologies296. The use of these green ICT solutions would ensure efficacy and 

preciseness, as well as a faster process of sorting, dismantling, and recycling e-waste. 

For example, TOMRA, a multinational company specializing in sensor-based sorting 

and collection for recycling purposes, has pioneered sensor-based technologies to 
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automate the sorting of different types of electronic waste, thus enhancing the efficiency 

of the process297.  

As for the effective treatment of e-waste, robotics can provide meaningful help 

for the improvement of the process. Both alone and in collaboration with human action, 

robots can operate in the disassembly process, also performing dangerous tasks or 

taking over humans when they are fatigued. In addition, combined with other digital 

technologies such as AI, e-waste management could be entirely automatized298. Within 

this context, it is crucial to acknowledge the presence of digital marketplaces dedicated 

to the end-of-life phase of electronics. 

 These platforms are essential hubs that connect stakeholders across the e-waste 

value chain. An example is Recykal, an Indian company that focuses on the 

development of digital solutions for e-waste management. This online platform 

facilitates the buying and selling of e-waste between producers and waste operators, 

thereby streamlining the exchange process. Sellers can easily use services like online 

pick-up scheduling and transparent pricing via the platform, assuring a streamlined 

process for selling items. Furthermore, the platform provides essential help in terms of 

compliance and waste tracking, allowing vendors to comply with legal standards and 

ensure responsible product disposal. Collectors, on the other hand, can use the platform 

to stay up to date on market trends and make informed choices about their recycling 

operations. Recyclers can efficiently convey their specific requirements and be paired 

with relevant collectors by employing the platform's algorithm, promoting efficient 

collaboration and maximizing resource use299. This company also developed a 

consumer app that helps individuals to take care properly of e-waste, enabling them to 

conveniently recycle their discarded EEE300. 
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It is evident that Green ICT plays a pivotal role in leveraging the macro-trends 

of digitalization for sustainable practices in both the life cycle of electronics and the e-

waste value chain. The digitalization of production, communication, and business 

process management provides a number of advantages, including faster transactions, 

improved reliability, better quality and security, and better existing management 

frameworks301. With regards to system management, digitalization enables autonomous 

control over products and processes. Integrated systems and networks across the value 

chain promote resource efficiency and e-waste reduction. Considering the ever-

increasing amount of e-waste generated, leveraging big data analytics is crucial to 

understand the trends related to this data. These analytics can eventually lead to 

significant advancements in automated waste collection and sensor data evaluation. 

These processes can be optimized to the point when green ICT significantly contributes 

to minimizing e-waste, improving recycling rates and overall resource management. 

Through the adoption of online processes that include digital registration of key 

stakeholders, like producers, dismantlers, and recyclers, e-waste management and 

information exchange can be further enhanced. More importantly, the administrative 

burden and paperwork can be reduced, thus facilitating the bureaucracy connected to the 

different steps of e-waste recycling.  

To streamline the e-waste management processes multiple digital technologies 

are implemented in order to create a “chain of custody”302, a documented trail that 

tracks e-waste through its entire lifecycle. Cloud computing, for instance, allows for 

centralized data storage and accessibility, thereby facilitating the collection and record 

of important information. Furthermore, through the use of scanning and identification 

technologies, e-waste is tracked and traced. Automated validation technologies, as well 

as verification technologies, can enhance the efficiency of the e-waste management 

system, making it more reliable and transparent. PROs, for example, have to manage 
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and track e-waste flows, so that they can report back to the relevant regulatory 

authorities303. 

An important case study is the Karo Sambhav case, a PRO in India which has 

developed a digital platform, accessible through a smartphone application, which 

enables seamless tracking and tracing of their operation from the moment e-waste is 

collected to the moment it is disposed of. Using information such as locations, photos, 

receipts, shipment manifests and others, this application is constantly updated, and all 

its information is uploaded in a cloud-based platform. As a result, automating 

compliance and reporting are facilitated, as well as tracking systems304.  

As previously analyzed in chapter one, the illegal transboundary movement of e-

waste continues to be a problem. For this reason, it is crucial to guarantee an effective 

tracing of e-waste flows. Green ICT solutions can offer viable solutions in this context 

as well. The integration of sensors and IoT tags, such as QR codes, RFID tags, and GPS 

trackers, enables the tracking and monitoring of e-waste flows and activities in real-

time305. Digital solutions are being employed in customs at the national level to record 

trade flows, particularly for the importation of new and used electronics. Online 

platforms have been created in countries where illegal e-waste imports are a persistent 

problem, such as Rwanda and Zambia, to log imports and ensure compliance with rules. 

The digital system not only keeps a complete record of all electrical devices, but it also 

makes it easier to enforce e-waste import limits. Government collaboration projects, 

such as the waste transportation partnership between the Netherlands and Belgium, use 

blockchain technology to track waste streams crossing international borders306.  

Digital technology has also enabled virtual monitoring and auditing operations. 

Audits, which were previously carried out in person, are now carried out digitally using 

video conferencing, digital file exchange, and remote access to camera feeds. The 

COVID-19 epidemic has hastened this trend, which provides auditors with more 

freedom and reduces the requirement for continuous physical audits307. 
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.  

3.3 Challenges and Contrasts in Digital Solutions and Green ICT 
for E-Waste Management 

 

 
Digitalization can either be “game changer"308 that revolutionizes e-waste management 

or a "fire accelerant"309 that worsens existing patterns and challenges, further 

compromising the sustainability of our planet. Considering the perspective of 

sustainable development, policymakers should offer guidance and manage the 

digitization process in a way that aligns with and supports sustainability goals. This 

entails ensuring that digitalization, particularly in the field of Green ICT, is aimed at 

promoting these goals310. However, despite the potential benefits of Green ICT and 

digital solutions in e-waste management, significant challenges that stem from the 

intricate interplay of digitalization and sustainability goals, persist.  

 

The three main challenges associated with digital solutions in the context of e-

waste management are privacy, the digital divide, and technical feasibility.  

The privacy discourse surrounding green ICT solutions in e-waste management 

encompasses several key challenges, namely data protection, intellectual property, and 

competitive advantage, as well as location tracking. Manufacturers' concerns about data 

security make it difficult to share information on electronic equipment features across 

the value chain. Even with the potential for secure information interchange enabled by 

blockchain technology, they could restrict access to sensitive data311. The existence of 

user-related data in e-waste complicates the sharing and processing of such information 

even further, as trash operators may choose to recycle equipment rather than repair it, 

thus preventing the danger of data leakage312. The main issue is that data can be easily 

restored from EoL second-hand hardware, posing serious threats to data privacy and 

security. Despite the existence of legislation and legal frameworks governing 
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organizations' privacy and data protection responsibilities, recent demonstrations have 

proved the simplicity with whom data may be retrieved from discarded or resold 

devices313.  

In terms of intellectual property and competitive advantage, the discussion 

centers around DPPs, or Digital Product Passports, which are digital instruments used 

for e-waste collection that provide information about the product's lifecycle. They 

provide benefits in terms of traceability and transparency, but they also create security 

concerns about critical product information. Manufacturers may be unwilling to employ 

them due to dangers associated with their intellectual property rights, which may impair 

their market competitiveness. Furthermore, the implementation of location tracking 

through DPPs further raises concerns about the privacy and protection of personal 

data314. 

The digital divide poses substantial problems in the application of green ICT in 

e-waste management. This divide is based on different populations' unequal access to 

digital technologies and resources. Access to reliable internet connectivity and digital 

infrastructure is a barrier to the widespread adoption of digital solutions. The digital gap 

is intertwined with socioeconomic considerations. Low-income communities may be 

unable to afford the digital equipment and technologies required for successful e-waste 

treatment. Acquiring and maintaining this equipment, like in the case of smart bins, 

might be prohibitively expensive315. In addition, unequal educational and training 

opportunities contribute to a disparity in technical literacy and abilities. Many people 

may lack the knowledge and skills required to use digital tools effectively. 

Technical feasibility is deeply linked to the digital divide discourse. It refers to 

the viability to implement digital solutions in the prevention, collection, and treatment 

stage of e-waste management. The successful implementation of green ICT solutions 

requires proper infrastructure and resources, such as good internet connectivity, reliable 

power supply, and proper hardware and software capabilities. It is evident that not all 

areas of the world adhere to these requirements, thus posing a significant obstacle in the 
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implementation of green ICT solutions. Also, compatibility issues among different 

systems, especially when standardized protocols are absent, can further pose a 

challenge. The cost-effectiveness of the implementation of green ICT solutions plays a 

crucial role in their feasibility as well316. 

In this context, it is critical to consider the crucial role of data centers. The 

growth of data centers worldwide, with a 36% increase from 2001 to 2022317, 

emphasizes their importance. Data centers are composed by two major components: 

servers, responsible for data processing and storage, and support systems, which include 

power supply and cooling systems. Both components consume an incredible quantity of 

energy and resource.  

Before delving deeper into the consequences of this growing trend, it is essential 

to highlight the purpose and significance of data centers in the context of green ICT 

solutions. Data centers are critical infrastructures for storing, processing, and managing 

large amounts of digital data. They are enablers of various online services which are 

integral to our lives, including cloud computing and e-commerce. Cloud computing is a 

peculiar technology within the data center discourse; it involves the storage and 

processing of data on remote servers which are accessed through the internet.  

The exponential growth of the use of cloud computing led to a consequent 

increase in data center infrastructure, which led to an increase in energy consumption. 

Clearly, as the reliance on cloud computing services continues to grow, so does the 

demand for data centers. As a result, data centers contribute to approximately 2% of 

global CO2 emissions318. Data centers play an important role in supporting the adoption 

of digital solutions for e-waste management during the prevention, collection, and 

treatment phases. Indeed, cloud computing and data storage allow for the use of modern 

technologies such as artificial intelligence and data analytics, which are crucial for 

creating innovative and sustainable digital practices to improve e-waste management. 

As observed in Fig. 3.2, the shipment of servers worldwide, and their subsequent 

demand, could reach up to approximately 19 million units in 2030. The consequences, 

in terms of energy consumption, are staggering, with projections indicating that by 
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2025, the ICT industry alone will consume approximately 20% of the world's 

electricity319. In the context of green ICT practices, it is, therefore, crucial to 

acknowledge two interconnected aspects: the implementation of greening practices 

through ICT and the greening of ICT systems themselves.  

With regards to resource consumption, data centers show differences based on 

their components. Support systems (infrastructure equipment), although heavier than 

serves, consist generally of metals and building materials with longer service lifespans 

which can measured in decades. In contrast, servers contain ICT materials like 

semiconductors, copper, precious metals, and rare earth elements, whose lifespan are 

incredibly shorter, lasting up to a few years320.  

Besides the evident consequences that these EoL components would have in 

terms of e-waste generation, the continuous growth of data centers would also result in 

resource depletion, water consumption, land use, and loss of biodiversity321. The 

manufacturing of IT equipment used in data centers contributes to the depletion of 

resources, notably minerals. When these devices become obsolete or reach the end of 

their useful life, they are frequently discarded as e-waste. Water consumption is an 

enormous challenge for data centers, both in terms of cooling requirements and 

electronic component manufacturing operations. Improper disposal or inadequate 

recycling of electronic devices can result in the release of harmful compounds into the 

environment, including heavy metals, resulting in the potential contamination of water 

supplies and adding to the growing problem of e-waste pollution. Data centers 

expansion also requires a large portion of land for infrastructure development, which 

can negatively affect natural ecosystems322. It is evident that the detrimental 

consequences associated with data centers are intrinsically connected to e-waste, which 

is a further reason to develop sustainable practices with regards to all phases and 
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utilization of EEE and ICT infrastructure. In this regard, a possible approach is to 

greener data centers323.  

Green data centers and green cloud computing evolved as methods to mitigate 

the negative impacts of typical data centers using strategies that revolutionize energy 

efficiency and sustainability324. One of these strategies is nano data centers, peculiar 

data centers provide computing and storage services through Internet Service Provider 

controlled gateways which are designed to be more energy efficient than traditional 

ones. Another technique is Dynamic Voltage Frequency Scaling (DVFS), which adjusts 

the voltage and frequency levels, thus optimizing energy consumption without 

worsening performances. Furthermore, virtualization plays a crucial role in green data 

centers, as it allows multiple organizations to share a single resource, such as a physical 

server or application, at the same time. This reduces the number of physical components 

necessary, reduces energy usage, and lowers the environmental footprint.325 

Green data centers have a simple design, streamlined operations, and minimized 

energy waste. They are scalable and allow for flexible expansion and demand increases; 

they prioritize flexibility and the adoption of new technologies to benefit energy 

efficiency326. The ICT industry may reduce resource depletion, minimize water 

consumption, alleviate land use impact, and solve e-waste concerns by introducing 

green data centers and green cloud computing techniques. These ecologically friendly 

measures pave the path for more sustainable and responsible data center operations in 

the future, also resulting in benefits in e-waste generation and overall management.  

Similarly to green data centers, big data analytics practices aim at the 

optimization of resource utilization, as well as energy consumption and infrastructure 

expansion327. Through the implementation of efficient storage and practices, such as 
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cloud computing combined with the use of renewable energy sources, sustainable and 

responsible analytics on large-scale datasets can be achieved. More precisely, green data 

analytics focuses on the reduction of memory usage, computational costs, and CO2 

emissions while aiming at high analytics requirements. As a result, through the 

implementation of these practices, companies can minimize their environmental 

footprint while maximizing their profits328.  

Similarly, Green IoT, a subset of the Internet of Things, aims at improving 

energy-efficient practices through the incorporation of hardware and software efficiency 

techniques. This approach highlights the importance of green production, redesign, and 

recycling. For example, Green Wireless Sensor Networks (GWSN) uses practices like 

sleep mode activation, wireless charging, radio optimization, and energy-efficient 

routing; Green Machine-to-Machine Communication (GM2MC) utilizes intelligent 

power adjustment, energy-efficient routing protocols, activity scheduling, and energy 

harvesting. As a result, energy efficiency is enhanced, and the environmental 

sustainability of IoT devices improved329. 

 

Another aspect worth mentioning when discussing challenges associated with the 

implementation of green ICT solutions in e-waste management is the informal sector. In 

developing countries especially, the informal sector is dominant in the collection and 

processing of e-waste. As examined before, the unregulated nature of the informal 

sector is detrimental in its consequences on human health and the environment. 

However, green ICT solutions hold the potential to address these challenges. Through 

the adoption of digital technologies, the informal sector could finally gain access to 

official financial transactions330. Internet platforms, including social media platforms, 

can potentially connect stakeholders with customers, thus expanding their networks and 

opportunities. Informal workers can be incentivized to establish formal businesses and 

embrace digital payments, resulting in better transparency and traceability in the e-waste 

value chain. Some organizations are already implementing the use of digital 
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technologies to bridge the gap between the informal and formal sectors. In India, for 

example, Kabadiwalla Connect, through the use of IoT and QR codes, is helping local 

waste dealers and waste pickers to be updated on requests for collection. Furthermore, 

through the implementation of smart bins, waste dealers are updated when the bins need 

emptying331. These initiatives clearly foster the intention to bridge the gap between the 

two sectors. Through the implementation of green ICT practices, e-waste management 

could unlock its full potential, propelling us a step closer to achieving a circular 

economy. 

 

3.4 Green ICT Practices in East Asian Countries 
 

In recent years, East Asian countries started to address global concerns such as 

climate change, regional pollution, and the management of scarce biological resources 

through the creation of governmental policies and industrial responses332. The Paris 

Agreement, adopted in 2015, marked a crucial turning point in the struggle against 

climate change, with the primary goal of limiting the increase in global average 

temperature to 1.5 degrees Celsius, swiftly reaching the peak of global emissions, and 

implementing rapid reductions. The prevailing linear economic paradigm, exemplified 

by a take-make-waste method that drained our finite resources without concern for the 

environmental consequences, is one of the major drivers of the current climate crisis333. 

To address these challenges, the concept of circular economy emerged. This 

transformative model promotes sustainability and restoration by transitioning to 

renewable energy sources and minimizing waste generation, including, -and, in this 

context, especially- electronic waste. Within the context of circular economy, the 

adoption of green ICT strategies plays a crucial role. Having established the 

significance of green ICT practices in addressing environmental challenges, particularly 

in the context of e-waste, this section delves into an analysis of Japan, China, South 
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Korea, Hong Kong, and Taiwan and their efforts in adopting circular economy and 

green ICT practices.  

 

Japan has been at the forefront of rapid ICT development, which has been one of 

the drivers of the country’s economic growth in the past few decades. Japan’s 

commitment to research and development is evident, as several Japanese companies 

have significantly invested in ICT. Recognizing the role of ICT in addressing climate 

change, the Japanese government has implemented various strategies334. The Council of 

Science and Technology Policy (CSTP) has highlighted the relevance of information 

and communication technology (ICT) in building a sustainable IT society. The Ministry 

of Internal Affairs and Communication (MIC) has focused on exploring next-generation 

networks in order to establish a ubiquitous network society that allows ICT 

infrastructure to constantly be accessible. The Ministry of Economy, Trade, and 

Industry (METI), on the other hand, is shifting attention to research initiatives in new 

energy-saving products such as server storage and organic electric luminescence, as 

well as developments and long-term sustainability.  

METI mainly focuses on three objectives, namely the reduction of the network’s 

components' energy consumption and traffic volume, the reduction of display power 

consumption, and data centers’ energy consumption, especially concerning storage 

devices and servers335. METI played a crucial role in shaping Japan’s ICT industry 

through the publication of the Technology Strategy Roadmap, which identifies key 

research and development areas and fosters innovation. This Roadmap introduces the 

Green IT Project, a plan to reduce power consumption in the ICT sector, which focuses 

on energy-saving technologies for servers, storage, network equipment, and display 

technologies336. The Green IT Promotion Council is composed of academic, 

government, and industry specialists, and it encourages the adoption of energy-saving 

technology337.  The concept of circular economy and its importance in addressing urgent 

global challenges such as waste disposal is largely recognized by Japan. Encapsulated in 
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the term “mottainai”, which can be translated to “waste not, want not”, it encompasses 

the idea of making the most of what it is available and avoiding waste338. 

 In 1999, the country approved the Circular Economy Vision, becoming one of 

the first countries to commit to this approach339. The vision’s aim was to transition from 

a linear economic system to a circular economic system that integrates economic and 

environmental aspects. The Vision mainly focused on the promotion of the 3Rs and on 

the strengthening of recycling operations, also highlighting waste generation control and 

the re-use of materials. Over the past twenty years, Japan progressed in this 

implementation with extended disposal sites’ lifespans, and improved recycling rates of 

products. Nevertheless, the shift towards a circular economy is still at its earliest 

stage340. 

Japan considers the intersection between digital technology and the increasing 

demand for environmental action as a means to the transition towards a circular 

economy. The transition to a knowledge-intensive socio-economic structure, defined as 

“Society 5.0”341, through the use of AI and IoT has already led to a number of changes 

in Japan’s industries. The 3Rs concept is applied to the use of digital technologies, 

through the reduction of production loss through precise demand projections, asset 

sharing through visualization, and high-quality recycling. Japan sees the shift towards a 

circular economy as a possibility to achieve a “virtuous cycle of environment and 

growth”342. 

Japan aims to achieve a circular economy also through the encouragement of 

voluntary activities by companies, capitalizing on the advancements in digital 

technology and using evaluation from the global market as a driving force. Self-initiated 

actions by businesses are promoted in accordance with the minimization of the 

implementation of regulatory measures by the government.  

With the publication of the 2020 Circular Economy Vision, Japan aims at 

transitioning towards more circular business models that prioritize resource efficiency 

and sustainability throughout the value chain, it adopts circular measures at each stage 
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of its value chain, and constantly considers the entire life cycle of products, 

incorporating measures to improve resource efficiency and circularity. These practices 

are relevant to green ICT discourse, as they foster the shift towards a green design and 

manufacturing and a green point of view throughout the product’s life cycle, which is 

fundamental for the better and proper management of e-waste343.  

Manufacturers are required to design highly circular products and service 

models, and longer-lasting products are increasingly valued in the market. Therefore, by 

focusing on durability and longer lifespans, Japanese companies can address the 

challenges posed by the global trends of production and benefit from them344. 

Enterprises are also encouraged to ensure that used products are placed in the proper 

collection systems with the aim to maximize their use and recycling potential. In order 

to do that, they are encouraged to adopt suitable strategies, such as leasing, sharing, and 

subscription-based services as business models345. As previously analyzed, the adoption 

of PaaS can be significantly beneficial in promoting resource circulation and 

sustainability in the context of electronic waste. 

Waste and recycling companies are encouraged to become a “resourcing 

industry”346 by providing high-quality recycled materials collected from various used 

products. In order to do so, these businesses must establish business models that 

combine cost-effective and environmentally sound recycling methods, taking into 

account the complete life cycle of electronics347. 

Additionally, it is crucial to improve the environment in which these recycled 

materials are used. The prevalence of knowledge asymmetry and a weak cost benefit is 

one barrier to their wider usage. There are many waste and recycling enterprises in 

Japan with relatively small operational regions, however, manufacturers who employ 

recycled materials have shown little interest in using materials supplied by these 

companies. To address this issue, it is critical to create a clear and reliable market for 

recycled materials. Creating and maintaining detailed recycled material standards, such 

as quality requirements and use criteria, can help manufacturers and waste management 

recyclers communicate more effectively. The adoption of such guidelines and criteria 
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would allow manufacturers to increase their use of recycled materials while saving 

money348.  

Japan has successfully implemented voluntary activities among enterprises, for 

example through the implementation of the Act on the Promotion of Effective 

Utilization of Resources and voluntary actions plans. These initiatives were introduced 

to address the limited capacity of disposal sites in the nineties and aimed to address the 

management of large-volume waste, which included home appliances, thus e-waste. By 

introducing regulatory recycling systems for waste Japan managed to tackle the issue of 

landfill site capacity, thus emerging as a global leader in the efficient utilization of 

resources. One of Japan’s strengths is exactly its voluntary force. Companies should 

therefore accelerate their voluntary activities through the use of soft laws, such as 

guidelines, with little to no introduction of regulatory measures349.  

The establishment of resource circulation systems is necessary for various fields, 

including batteries. Rechargeable batteries, -those used in small home appliances 

included-, are appropriately treated in the Japanese recycling system, as they are 

managed under the Act on the Promotion of Effective Utilization of Resources. 

However, there are challenges associated in the recycling process with regards to small 

products like lithium-ion batteries. These products are sometimes inadvertently included 

in collected materials or wastes, leading to potential risks such as fires and other 

accidents during recycling operations. Small lithium-ion batteries are used in numerous 

products which are not included in current legislation. Therefore, it is important to 

develop proper recycling and collecting systems that take their specific characteristics 

into account350.  

 

It is evident that Japan was one of the first countries to initiate the transition 

towards a circular economy model. Since the introduction of the Circular Economy 

Vision in 1999, there has been a great reduction in waste and a significant improvement 

in recycling rates. The contemporary domestic and international realities, however, 

differ, prompting a reassessment and reconstruction of the socioeconomic structure. 

Japan admits, with the unveiling of the 2020 Circular Economy Vision, that embracing 
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a circular economy model holds potential for national growth. Many advocated 

practices appear to correspond with the concepts of green ICT, which can lead to 

improved and more sustainable e-waste management. As a result, Japan's efforts in this 

area are incredibly significant.  

 

 

Since the late 1970s, Information and Communication Technologies were 

recognized in China as “an important driving force for economic and social 

development”351. In 2002, the Committee of the Chinese Communist Party launched a 

national strategy based on the concept to “let information drive industrialization and, let 

industrialization promote informatization”352, thus highlighting the importance of ICT 

for China’s development. China’s journey towards a circular economy model can be 

traced back to these years. In subsequent decades, a number of information systems 

development projects were implemented in the most important sectors of China’s 

economy, namely civil aviation, banking, electricity supply, railway, and national postal 

service353. The government recognized the electronic information industry as a sector to 

prioritize and included it in the National High-Tech Research and Development 

Program in 1986. From there on, the ICT industry has consistently occupied a 

significant position in China’s Five-Year Development Plans354.  

China’s efforts in the promotion of circular economy became evident in 2008, 

with the Circular Economy Promotion Law, a law that establishes a wide framework to 

promote circular economy principles and long-term development throughout the 

country, also stressing resource conservation, recycling, and environmentally 

responsible manufacturing practices. In 2019, the Ministry of Industry and Information 

Technology (MIIT) issued guidelines to promote the circular economy in the 

manufacturing industry. These principles encourage the use of resources, the use of 

clean manufacturing practices, and the construction of circular supply networks. They 

offer concrete ideas for industries to adopt sustainable practices and contribute to the 

overall circular economy goals. Furthermore, China has implemented special steps in 
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the electronic information business to further support the circular economy. The 

government established the 'Development Fund for the Electronics and Information 

Industry' to offer financial support for domestic research and development in core 

technologies and products355.  

Despite these advancements, the e-waste management system in China does not 

reflect the government’s intentions. As analyzed in Chapter Two, the recycling system 

in China is characterized by the presence of both the formal and informal sectors. The 

latter poses environmental and health risks due to its inadequate and unsafe e-waste 

management practices. In response to this dominant informal jurisdiction, the 

government introduced policies to increase the e-waste recycling rates in the formal 

sector, such as the “old for new” Replacement Home Appliance Policy of 2009, which 

incentivized consumers to adhere to formal e-waste recycling channels, or the WEEE 

Recovery Fund of 2012, which provided subsidies to e-waste plants based on the 

quantity of e-waste treated356.  

It is evident that China’s ICT industry is considered as one of the most important 

economic pillars for the country. However, this rapid growth and adoption of ICT has 

also caused significant environmental concerns. The increasing use of ICT products has 

an impact on emissions. At present, China has the largest carbon dioxide emissions 

worldwide, accounting for approximately 31% of the global emissions357. The country 

is also the largest producer of e-waste globally, with 10.129 kt of e-waste documented 

in 2019358. 

China has taken significant steps to tackle these issues. As analyzed in chapter 

two, to limit the use of harmful components of ICT equipment, it has developed 

different regulations, such as the Administration on Pollution Caused by Electronic 

Information Products, popularly known as China RoHS in 2007, and the Regulation on 

the Recycling and Treatment of Waste Electrical and Electronic Equipment, also known 
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as China WEEE359. Despite these efforts, broader regulation and promotion of energy-

efficient techniques are needed in China's ICT and e-waste sectors. As the significance 

of green ICT becomes increasingly recognized in this context, various approaches are 

being implemented. However, due to the distinct circumstances in China compared to 

Japan, there are challenges that hinder China’s progress, thus placing the country only at 

the initial stage of this process360. 

 

In order to improve multiple aspects of urban life, including healthcare, 

education, safety, and environmental conditions, China has been actively investing in 

and supporting the integration of intelligent technology and management methods361. 

With the objective to build smart cities in a circular economy view, the country has 

implemented IoT, Big Data, and AI technologies. Internet-based e-waste collection 

systems have emerged as an innovative approach to overcome the limits of traditional 

collection. These technologies offer consumers an easy and formal channel for e-waste 

disposal. This intern-based collection system in China involves three main stakeholders: 

the government, platform providers, and customers. The system is based on the online-

to-offline (O2O) e-commerce concept, thus allowing recycling experts and individuals 

to make appointments online and perform e-waste collection or transactions on-site362. 

Information about stakeholders, such as consumers, e-commerce platforms, registered 

processing companies, transportation firms, collecting organizations, and second-hand 

purchasers is monitored through Internet-based platforms, resulting in better monitoring 

of material and capital flow. This system benefits the environment, as it results in a 

reduction of its damage, as well as better formal collection rates363.  

As part of its Circular Economy Promotion Plan, the Chinese government has 

actively encouraged the development of Internet-based e-waste collection and recycling 

solutions. For instance, Taolv and Boolv are prominent internet-based e-waste recycling 
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platforms in China. They merge the “Internet+”364 paradigm with IoT and Big Data to 

establish long-term recycling ecosystems. However, this innovative system that 

intersects green ICT and e-waste management to surpass the traditional system is still at 

its earliest phases of deployment. E-waste recycling platforms on the internet are also 

evolving. Such is the case of Aihuishou and Huishoubao, two internet-based e-waste 

recycling platforms which are becoming an internet second-hand electronics trading 

platform where manufacturers are included in the process, in order to combine the 

return of used products with the sale of new products. Smart ways collection systems 

that employ IoT and cloud tools are also being developed, such as smart bins365.  

However, despite some successful cases, the use of green ICT practices for e-

waste management systems and waste management, in general, is associated with 

numerous limitations due to its high investment costs, lack of policy support, and 

alternative processes in the waste flow366.  

The lack of regulatory pressures is a major challenge for China’s green ICT 

practices implementation. As a result, organizations do not feel obliged to improve their 

waste management. In addition, many organization leaders lack the innovation quality 

and culture to adopt new enabling technologies. The “difficulty in technology 

integration”367 is a further challenge. Firms often utilize several technology platforms 

which are incompatible with each other. Moreover, these technologies are discarded and 

replaced too rapidly, making it difficult for enterprises to keep up with the process.  

Without stakeholder influence, organizations are unlikely to develop sustainability 

practices. Furthermore, securing the financial resources necessary to improve e-waste 

management is a challenging process368. 

Lack of consumers awareness is another main challenge, which often results in 

the incorrect sorting of waste before its disposal. The instillment of values in 

consumers’ minds is still at a considerable distance from achievement in China369.  
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In conclusion, the challenges associated with a proper implementation of green 

ICT practices in China are numerous and inherently connected to three key 

stakeholders, i.e., consumers, government, and platform, of the waste management 

process370. Despite progress in the development and initial implementation of green ICT 

practices at different stages of e-waste management, the high operating costs of the 

platforms, limited consumer awareness, and insufficient government supervision hinder 

the transition. Considering China’s role in e-waste generation and GHG emissions 

globally, it is fundamental that comprehensive measures and collaborative efforts are 

undertaken to address these challenges, in order to effectively progress in the shift 

towards a circular economy. For instance, the implementation of a national-level 

authority to champion green ICT, or of constant taxation and economic policies, could 

be viable possibilities to tackle these issues371.  

 

 

The Republic of South Korea is one of the largest GHG emitters in the world. In 

2018, South Korea generated approximately 727.6 million metric tons of CO2, placing 

17th in terms of emissions per person (12.2 kg)372. The energy supply of the country is 

heavily dependent on fossil fuels. However, the government of South Korea considers 

the transition to a circular and greener economy as a priority, which is significantly 

reflected in their national strategies and policies373. 

The three most energy-consuming activities in South Korea are data centers, 

telecommunication networks, and end-user devices that rely on one or both of these 

infrastructures. Evidently, all these activities rely on electronics, which, besides 

contributing to the overall GHG emissions, eventually become electronic waste. In 

2019, the overall GHG emissions in South Korea derived from data centers’ energy 

consumption accounted for 2.5 million tons, which is 0.35% of the total national 
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emissions374. The telecommunication industry’s energy consumption in 2019 accounted 

for 0.5% of total national emissions. Being Korea a heavily ICT- industry dependent 

country, these issues need addressing. 

South Korea’s efforts in greening its ICT sector started in the early 1990s, with 

the Framework Act on Environmental Policy, an act that officially embraced sustainable 

development. In 2008, South Korea promulgated the “Low Carbon, Green Growth” 

national policy, whose objectives were the promotion of “eco-friendly new growth 

engines”375, the enhancement of Korea’s quality of life, and the contribution to the 

international fight to climate change376. The subsequent year, South Korea promulgated 

the Green Growth Act, where green growth was defined as “growth achieved by saving 

and using energy and resources efficiently to reduce climate change and damage to the 

environment, securing new growth engines through research and development of green 

technology, creating new job opportunities, and achieving harmony between the 

economy and environment.”377 

Finally, in 2009, the Green It National Strategy was announced, followed by a 

series of relative initiatives, e.g., the “Green IT Industry Strategy”, that focused on 

decreasing the energy consumption in the IT industry and, most importantly, on the 

environmental growing damages caused by e-waste. Therefore, the main drivers of the 

Green IT National Strategy were the greening of the IT industry through the revolution 

of the entire cycle of production, and the maximization of energy efficiency and 

transition to a low-carbon society through green ICT378. Through the adoption of green 

data centers, cloud computing practices, and greener communication network 

infrastructure, the target was a significant increase in energy efficiency. 

In December 2020, the government promulgated the 2050 Carbon Neutral 

Strategy, a long-term low GHG emissions development strategy, whose policies focus 

on decarbonizing industries using digital technologies. As a matter of fact, the 2050 

Vision leverages the Green New Deal and the Digital New Deal, two pillars of the 
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Korean New Deal. With them, the government launched three digital projects, three 

green projects, and four digital and green convergence projects379. 

With the subsequent Framework Act on Carbon Neutrality and Green Growth in 

2021, the government must now rely on ICT solutions to reduce GHG emissions and 

save energy. In addition, South Korea implemented a Green Certification for green 

technology, projects, and products. These include technologies that minimize GHG 

emissions and pollution, but also LEDs, displays, and digital technologies, such as 

green software and green hardware, AI, big data, computing technologies, IoT, and 

communication networks380. For instance, a free pickup service of e-waste is currently 

implemented in the country by the Korea Electronics Recycling Cooperative (KERC) 

which utilizes an online platform to book the pick-up of discarded medium-sized 

appliances and small electronics381. 

As for e-waste management, the 2050 Carbon Neutral Strategy aims at the 

optimization of all waste management processes from the source and at streamlining the 

process in an eco-friendly manner. In this context, product recyclability must be 

considered starting from the manufacturing and production phases382.  

The Republic of South Korea is evidently at the forefront of green ICT strategies 

to shift to a circular and green economy. The numerous initiatives and regulations 

implemented by the country demonstrate a strong commitment to this issue. The 

country’s dedication to green ICT practices and its understanding of the interconnection 

between ICT, energy consumption and e-waste management highlight its progressivist 

approach to tackle environmental concerns and its efforts to build a sustainable future.  

 

 

Through a series of initiatives and policies, Taiwan emerged as a global leader in 

the promotion of sustainability in ICT, while also tackling the challenges associated 

with e-waste management. Due to a rapid industrialization, Taiwan’s pollution levels 

rapidly increase in the 1980s and 1990s, marking the initial recognition of a need for 
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green practices within the ICT industry. In response to these environmental concerns, 

the government implemented policies, regulations and incentives with the aim to 

promote sustainable development383. As a result, from 1993 to 2000, the recycling rate 

in Taiwan increased by approximately 16%384. In 2016, the recycling rate amounted to 

approximately 55%385. The local recycling practices are mostly funded by governmental 

subsidies, and the fixed recycling fees implemented in Taiwan do not incentivize the 

shift to sustainable eco-design or practices. Taiwan places among the most advanced 

countries concerning e-waste management, but its recycling industry’s business models 

still need re-evaluation. Nevertheless, Taiwan aims at shifting to a circular economy 

model and enter “an age of circular economy, turning waste into renewable 

resources”386.  The Tsai administration announced a Circular Economy Plan, which 

focuses on the development of Taiwan’s high-growth sectors, including green energy, 

smart machinery, and the Internet of Things387. The strategy is to incentivize the 

development of circular technologies in order to foster green consumption and 

transaction, an energy and resource integration388. 

As for e-waste management, Taiwan implemented a zero-landfill policy in 2010 

in order to adopt a more sustainable approach. As a result, the current recycling rate 

amounts to approximately 80%389. Many local companies have joined the government’s 

efforts in the shift to a circular economy. For instance, ASUS announced its 

commitment to recycle 20% of its generated e-waste by 2025 and engaged in future 

efforts in raising awareness among consumers390. 

 

Taiwan stands as a leading country in effective e-waste management. 

Nevertheless, certain adjustments are required to properly shift to a circular economy. 

Its economic backbone is primarily characterized by small and medium-sized businesses 
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engaged in competition with the global market391. Consequently, the transition to a 

circular economy can only be accomplished through government-led support and 

initiatives that incentivize the adoption of digital technologies. 

 

 

Hong Kong is a main entrepot for e-waste exports, including exports to China, 

due to its “one country, two systems”392 nature. This framework allows for loopholes in 

the system that can be exploited in e-waste management between Hong Kong and 

China. In 2003, the Territory-Wide Trial Recovery Program was implemented to collect 

and recover e-waste, resulting in the collection of more than 40.000 e-waste units per 

year393. In 2005, the Waste Electrical and Electronic Equipment Recycling Program was 

launched, with the objective to recover discarded EEE. Subsequently, EPR was 

introduced, as well as strategies set for waste management, highlighting the importance 

of waste reduction and recovery. The EcoPark WEEE Recycling Center opened in 2011 

for this exact purpose. This recycling center has the capacity to effectively manage 

30.000 tonnes of e-waste each year. During this process, e-waste is detoxified, 

dismantled and recycled, thus becoming a resource at the end of the process394. 

Furthermore, Hong Kong’s government is already in the process of developing and 

implementing green ICT initiatives, such as energy-efficient computers, green 

management for IT operations, and green purchasing. In order to adhere to these 

initiatives, the government integrates green criteria into the procurement process for IT 

products395.  

The country is also engaging in the development of green data centers. In 2020, 

Hong Kong published the Green Data Centers Practice Guide, with the objective to 

assist in the identification and implementation of measures to improve the energy 

efficiency and environmental performance of the country’s data centers. Through this 

document, a list of best practices is provided to industry practitioners, government 
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bureaus, and departments, in order to make a step forward in the shift to a circular and 

greener economy396.  

Green disposal is a key aspect of this guide. The process of handling e-waste 

disposal is crucial, and as it was thoroughly analyzed, it must begin at the design stage. 

Guidelines for environmentally responsible practices in this context are outlined in the 

guide, as well as practices for the operational and maintenance stage397.  

 

Overall, the efforts of Hong Kong in the promotion of green practices and 

sustainable e-waste management reflect its commitment to environmental protection 

and the transition towards a circular economy. Hong Kong is evidently aiming at the 

minimization of the environmental impact of electronic waste and at the reduction of 

GHG emissions, especially from data centers, through the implementation of green 

practices.  

 

The East Asian countries discussed in this section are leading the way in adopting green 

ICT practices for a sustainable future. Their commitment to the transition towards a 

circular economy model is remarkable. Despite facing several structural challenges, 

particularly in the case of China, these countries are actively implementing greener 

practices in their ICT industry and aiming at a less carbon-dependent economy. Their 

efforts in waste reduction, inherently connected to e-waste reduction, put them at the 

forefront of this circular transition. They are constantly improving the intersection 

between e-waste management and the development of the ICT industry's sustainability. 

Considering future projections and the current state of things, it is undeniable that there 

is no future without sustainable digitalization, and there is no sustainable digitalization 

without proper management of e-waste. 

  

 
396 BEAM Society, Green Data Centres Practice Guide Version 1.0 (2020). 
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4. Examining Sustainable 
Development Goals and Future 
Scenarios for Green ICT and E-
Waste Management 

 

Information and Communication Technology plays a revolutionizing role in our 

lives, particularly in our communication, work and access to information. Digitalization 

is developing at an enormous rate, with projections up to 152.000.000 internet users in 

2030 (Fig. 3.1). However, this rapid ICT growth and advancement come with a number 

of challenges, particularly in the environment and climate domains. Indeed, climate 

change is currently the most pressing issue globally, and if left unaddressed, its 

consequences will extend beyond the environmental domain, affecting the global 

economy sphere as well398. Climate change is primarily caused by GHG emissions in 

the form of CO2. Given its threatening nature, the international community has already 

started to push for a shift toward a more circular economy. For instance, countries like 

Japan already announced their intention to achieve carbon neutrality by 2050399. 

The majority of GHG emissions are related to energy, particularly on 

transportation, heating, and power generation. Consequently, there is a need for a 

greener ICT which reduces energy consumption while still tackling the ever-increasing 

demand of digitalization. At the same time, there is a need for environmentally sound 

management of electronic waste, as all discarded electronic and electrical equipment 

(EEE) eventually contributes to this category. Indeed, improperly treated e-waste is 

detrimental to the environment, as it ultimately leads to the devastation of soil, water, 

and air400. Furthermore, given the dangerousness of the hazardous substances found in 

 
398 S. M. Lee, S. Park, and S. Trimi, "Greening with IT: Practices of Leading Countries and 
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399 H. Bangert, "Japan’s Circularity: A Panorama of Japanese Policy, Innovation, Technology 

and Industry Contributions Towards Achieving the Paris Agreement," EU-Japan Centre for Industrial 
Cooperation, (2020), p. 61. 

400 R.A. Patil and S. Ramakrishna, "A comprehensive analysis of e-waste legislation worldwide," 
Environmental Science and Pollution Research 27, no. 13 (2020): 14412–14431, p. 14413. 
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e-waste composition, humans can be negatively affected as well, with detrimental 

consequences on their health.  

It is evident that ICT and electronic waste are intertwined topics, with one 

relying on the other for their impact. The more the ICT sector is developed, the higher 

the energy consumption and the release of GHG emissions. Simultaneously, the more 

the ICT sector is developed, the more e-waste is generated, emphasizing the urgent need 

for proper management. 

A circular economy approach can benefit both. Given the increasing growth and 

pace at which digitalization is developing, a traditional linear economy is no longer 

sustainable, as the world’s resources are drained because of it401. A sustainable and 

restorative approach that aims at a longer lifespan of electronics, a simpler repair, 

recovery, and sustainable recycling is necessary.  

As previously analyzed in the third chapter of this thesis, a circularity for 

electronics can be achieved through the implementation of green ICT practices. In this 

context, it is crucial to consider both the aspect of greening the ICT sector itself, thus 

reducing energy consumption and consequently CO2 emissions, and the greening by 

ICT, thus the use of ICT for the greener and more circular value chain for electronics402; 

and consequently a better e-waste management and disposal. These two aspects are 

once again intertwined and cannot be separated. Through the alignment of e-waste 

management and green ICT with the United Nations Sustainable Development Goals 

(SDGs), a more sustainable future can be achieved. Additionally, these efforts can foster 

innovation and development for the SDGs. 

 

4.1 Aligning Green ICT and E-Waste with Sustainable 
Development Goals 

 

The United Nations adopted a set of 17 global goals, the Sustainable 

Development Goals (SDGs), which address the world’s most pressing challenges 

associated with society, economy and the environment in order to transition to a more 
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sustainable future for all. Green ICT and e-waste management align with several SDGs, 

including Goal 7, Goal 9, Goal 11, Goal 12, and Goal 13.  

SDG 7 promotes the “access to affordable, reliable, sustainable and modern 

energy for all”403. It is crucial to acknowledge the importance of a universal access to 

sustainable energy and to reduce carbon emissions from energy consumption. This goal 

incorporates a number of objectives, including universal energy access, the expansion of 

renewable resources, improved energy efficiency, international collaboration in 

sustainable energy infrastructure, and technological advancements404. The ICT sector 

holds the potential to help reduce the environmental impacts of industries. Through the 

use of industry 5.0 digital technologies, such as IoT, Big data analytics and AI, energy 

efficiency and resource utilization can be optimized. These technologies can provide 

industries with data-driven insights that will give them the possibility to make informed 

decisions to reduce their environmental footprint. Through the use of green ICT 

practices, GHG emission could be reduced by approximately 15% by 2030405.  

SDG 9 focuses on building “resilient infrastructure, promote inclusive and 

sustainable industrialization and foster innovation”406. By 2030, infrastructures should 

undergo a transformative shift to become more sustainable. The adoption of “clean and 

environmentally sound technologies” (SDG 9.4)407 is imperative to this process. 

Furthermore, sustainable and resilient infrastructure must be enhanced in developing 

regions. Green ICT encourages sustainable innovation in the design, manufacturing and 

use of ICT, thus contributing to the development of sustainable infrastructure. 

Digitalization is crucial to minimize the digital divide between developed and 

developing regions of the world. Furthermore, in this context, innovation also 

encompasses the lifecycle of electronics, extending to the research of innovative 
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methods in the reuse of parts and components resulting from e-waste. This approach 

holds the potential to reduce the volume of e-waste derived from these processes408. 

Goal 11, “make cities and human settlement inclusive, safe, resilient and 

sustainable”409 perfectly intertwines with green ICT practices. Green ICT contributes to 

the creation of sustainable and smart cities, where energy consumption and 

environmental impact are minimized. Environmental protection is a pillar for smart 

cities management, and the proper disposal of e-waste is a crucial phase of the 

process410. Indeed, the majority of e-waste is produced in cities. It is imperative to 

enhance the collection and recycling rates in urban environments to effectively address 

the growing challenge of e-waste and mitigate its environmental impacts411.  

SDG 12, “ensure sustainable consumption and production patterns” is closely 

linked to the responsible consumption and production of EEE. As it was previously 

analyzed, innovative green ICT practices in recycling and refurbishing can reduce the 

volume of e-waste and guarantee an environmentally sound management of it. The 

implementation of green ICT practices in the prevention, collection and treatment 

phases through the use of digital technologies can mitigate both the environmental 

footprint generated by these processes and reduce e-waste generation. For example, an 

extension in the lifetime of certain electronics by just one year, could approximately 

save 4 million tons of CO2 yearly by 2030412. Awareness raising plays a crucial role in 

responsible consumption and production as well. Better information about 

environmental costs of electronics and supply chains in generals, may induce consumers 

to make more sustainable choices413. 

 
408 International Telecommunication Union Publications, Thematic Reports: Successful 
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411 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
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Green ICT initiatives can contribute to “take urgent action to combat climate 

change and its impacts”414 (SDG 13), by reducing GHG emissions through digital 

technologies and practices. It is evident that digital solutions present a dual nature in 

this domain, as they simultaneously contribute to global emissions, accounting for 

approximately 2% of the total emissions415, while also being the potential mitigating 

factor for environmental impacts and promoting sustainable practices. As a matter of 

fact, the present digital technologies could help decrease the current emissions by 

15%416. Through the application of the 3Rs (reduce, reuse, recycle), energy 

consumption can be minimized, as well as e-waste generation. In addition, the final 

disposal of e-waste can be achieved417.  

In addition to the evident linkage between green ICT practices, e-waste 

management, and the relevant SDGs, it is important to underscore the indirect positive 

impact of an ESM of e-waste on several other SDGs. For instance, by decreasing the 

detrimental impacts of e-waste on human health and preventing the discharge of 

hazardous substances into the environment, proper e-waste management plays a critical 

role in supporting good health and well-being (SDG 3). Moreover, it helps to ensure 

clean water and sanitation (SDG 6) by preventing the contamination of water sources, 

and it promotes decent work and economic growth (SDG 8) by encouraging the 

development of a circular economy, offering job possibilities, and boosting resource 

efficiency418. Thus, the impacts of effective e-waste management are not exclusively 

limited to the environmental domain, but they also impact the cultural, social, and 

economic fields.  

E-waste management and green ICT practices have major environmental 

implications. These activities contribute to a cleaner and healthier environment by 

minimizing environmental pollution and health risks related to inappropriate e-waste 

disposal. They foster the reuse of electronic components and the reduction of e-waste 
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generation, which helps to preserve natural and non-renewable resources. Furthermore, 

these approaches contribute significantly to lower greenhouse gas emissions, energy 

consumption, and toxic waste generated throughout the manufacturing process. E-waste 

management and green ICT contribute to the broader goal of environmental 

sustainability by implementing sustainable development schemes such as circular 

economy principles419. 

The use of green ICT and proper e-waste management programs offers 

considerable cultural benefits as well420. By fostering access to technology and 

knowledge, these initiatives help to increase digital literacy and bridge the digital 

divide. In developing countries especially, the unequal educational and training 

opportunities contribute to a disparity in technical literacy and abilities421. 

Furthermore, initiatives to promote green ICT and e-waste management result in 

significant social implications. They can generate positive social change by narrowing 

social gaps through increased access to technology. The aim is to improve the quality of 

life by encouraging people to engage in sustainable work practices and promoting social 

responsibility. Through these initiatives, access to technology and knowledge increase 

particularly among underprivileged people, and cooperative and informal sector training 

is fostered, empowering individuals and communities. Furthermore, by promoting 

social benefits and building a strong legal framework for e-waste management, these 

programs improve social cohesion and contribute to the well-being of both local and 

national governments422. 

Green ICT and e-waste management projects have substantial implications for 

the economy as well. These initiatives promote the generation of raw materials through 

the reverse mining of electronic waste, thus minimizing the requirement for new 

resources423. This is a fundamental aspect associated with the shift to a circular 

economy: as the Earth's resources continue to deplete, it becomes crucial to minimize 

resource consumption and maximize resource efficiency. Furthermore, by developing 
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new cooperative training programs while creating new job possibilities, these initiatives 

boost job quality and contribute to economic growth. They also produce reproducible 

models that can be replicated by other industries and areas. Moreover, the value of raw 

materials collected from e-waste holds the potential to generate substantial economic 

revenue. In 2019, the estimated worth of these materials amounted to around $57 billion 

USD424. Considering that the typical smartphone contains a hundred times more gold 

than a ton of gold ore and that the present recycling rate only recovers 17.4% of 

potential raw materials, approximately 4 Mt of secondary materials could still 

potentially be recycled425.  

 

Overall, the environmental, cultural, social, and economic implications of the 

alignment of e-waste management and green ICT with the SDGs are mutually 

reinforcing. These practices contribute directly to the SDGs but also hold the potential 

for a wider positive impact for sustainable development and for the well-being of 

individuals.  

 

4.2 Exploring Future Scenarios and Challenges for E-Waste 
Management 

 

In recent years, several governments have recognized the importance of ICT in 

addressing environmental challenges. Many of these have already established policies 

aimed at Green ICT development. The administration and coordination of these policies 

involve different stakeholders, and their implementation is different based on the 

country. For instance, Japan implemented a centralized approach with a national agency 

responsible for the management of the country’s initiatives, the Green IT initiative, 

while other countries implement decentralized agencies in this domain426. Governments 
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and industry are often the two key actors involved in the development of large-scale 

projects on ICT and the environment. 

Through a survey conducted in 2009 by the OECD on 92 government programs 

and business initiatives across 22 OECD countries, including Japan and South Korea, it 

can be observed that at the beginning, more than two-thirds of these programs focused 

on enhancing performance within the ICT industry, while only one-third focuses on 

applying ICTs to various aspects of the economy and society427. In fact, the majority of 

efforts focused on programs that mainly targeted the reduction of energy consumption 

and CO2 emissions during the use of ICTs. As a result, the main objective was to make 

the ICT industry more energy-efficient and sustainable428. 

Additionally, other areas of these programs targeted the minimization of the 

environmental impact of ICT disposal, thus concerning the e-waste domain. Although 

ICTs have the greatest potential to improve environmental performance in certain areas 

such as the economy and society, only one-third of the focus was on the use of ICTs 

across these areas where there is significant potential to dramatically improve 

performance, such as smart urban, transportation, and power distribution systems429. 

Other environment domains, such as biodiversity, water, and land use were rarely 

targeted in these programs. As it was previously analyzed, these domains are not 

exempt from the consequences of uncontrolled ICT and unmanaged e-waste430. 

However, the main focus of these programs was the prioritization of energy efficiency 

and CO2 emission reduction. It is interesting to note that only a minority of policies 

targeted all life phases of ICT products, and, most importantly, e-waste was often 

targeted outside initiatives on ICT and the environment431.  

Both government and the private sector are critical in the collaborative effort to 

develop more sustainable practices in the ICT domain. Government initiatives involve 

the development and implementation of policies, regulations, and targets that 

incentivize industries to adopt cleaner technologies and practices. On the other hand, 
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industry initiatives are based on the voluntary measures undertaken by specific sectors 

in order to reduce their carbon footprint. Among these measures are investments in 

energy-efficient technology, the use of renewable energy resources, and the 

implementation of a greener supply chain. While government activities provide an 

adequate legislative framework, industry actions are critical in encouraging innovation 

and sustainability within specific sectors.432 Collaboration between government and 

business is critical to reduce emissions and transition to a circular economy.  

 

By looking back at these past initiatives and approaches, we can adopt a wider 

perspective that enables us to better comprehend global efforts and progress in 

addressing environmental challenges and promoting green and sustainable development, 

especially in the field of ICT, thus surpassing regional boundaries in pursuit of 

international collaboration for a more sustainable future for all. Moreover, the study of 

past initiatives and programs combined with the study of current trends in this field 

allow for future developments speculations. In this regards, three hypothetical future 

scenarios were identified433.  

Due to the constant population growth, the higher purchasing power of 

consumers and the demand of electronic products will increase, and their use will be 

integrated in our daily lives. Their design will become more complex, thus resulting in a 

more difficult recovery of materials. At the same time, their overall lifecycle impact 

may decrease, as new technologies may foster more energy-efficiency products434. 

Specific categories of EEE will be used more frequently, such as displays, batteries, and 

lightning equipment. Moreover, due to the rise in temperatures which has concerned 

typically “cold” countries, the demand for air conditioning and cooling equipment will 

rise. EoL material recovery will include more environmentally friendly and 

biodegradable materials, as the use of critical resources will probably decrease435. With 
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regards to e-waste generation, Asian Countries will witness a rise three times equivalent 

to the e-waste they generated in 2010436. 

As aforementioned, businesses and governments are crucial in facilitating the 

transition towards a circular economy. Consequently, policy instruments and business 

practices are the tools through which this transition can occur. It is evident that the 

increasing quantity of e-waste is a constant factor in this scenario. Therefore, the 

severity of the issue will depend on the operational practices of businesses and on the 

effectiveness of regulatory frameworks. Considering this, three future scenarios are 

envisioned, (a) a linear growth scenario, (b) a reactive approach scenario, and (c) a 

proactive pathway scenario437.  

 

Fig. 4.1 Illustration of the three potential future scenarios of the e-waste 

problem within the axes of business practices and consumption patterns  
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Source: StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste 

Scenarios, 2019, p. 23. The size of the bubbles visually represents the scale of the issue, which is not 

exclusively based on the amount of e-waste generated, but also on consumption and production patterns. 

 

 

The linear growth scenario is a “business-as-usual”438 scenario where the 

priority is economic growth and there is a lack of substantial changes in e-waste 

management practices. Little progress is made to develop sustainable practices in EEE 

lifecycle, despite the constant technological innovation. In less wealthy markets, low-

quality products are manufactured, resulting in resource consumption and toxicity. The 

e-waste issue is exacerbated by the increasing disposability of electronics, and material 

heterogeneity and high recycling costs hinder recycling efforts. The environmental 

footprint worsens due to the constant use of critical resources, with manufacturing 

processes employing toxicants. Inequality between developed and developing countries 

further exacerbates the difficulty to control e-waste exports. Cost reduction is prioritized 

over effective collection and recycling, thus obstructing progress in optimizing resource 

use. Furthermore, insufficient collaboration among stakeholders worsens the situation. 

The existing e-waste legislative frameworks, regulations, and circular economic 

initiatives remain unchanged. Consumers are not aware of the implications of e-waste 

and lack knowledge of how they could contribute. Reuse and repair practices are not 

largely implemented, and technological, social, and economic barriers discourage users 

from taking action439.  

This model raises important considerations. It is evident that the prioritization of 

economic growth without regard for sustainability exacerbates the e-waste problem. 

Human health and the environment are at risk, and additional challenges such as 

unequal distribution of development or uncontrolled exports, add to the existing 

problems, This linear take-make-waste model is evidently not sustainable in the long 

term, as its approach stems from the “belief” that the Earth’s resources and regenerative 

capacity are infinite, which is clearly an erroneous assumption.  

 
438 K. Parajuly, R. Kuehr, A. K. Awasthi, C. Fitzpatrick, J. Lepawsky, E. Smith, R. Widmer, X. 

Zeng, StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste Scenarios 

(2019), p. 17. 
439 Ibi, p. 24. 
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With regards to the reactive approach, the scenario greatly differs. Under tight 

regulations and robust monitoring frameworks, businesses are obliged to adopt a 

reactive approach to comply with the new regulations. Consequently, there are changes 

both in production and consumption approaches, especially in developed nations; e-

waste management is effectively addressed. However, this progress remains quite flat, 

as the use and development of ICTs continues to grow with minimal progresses, and 

recycling technologies focus on post-production solutions advance due to the value of 

secondary resources440. The recirculation of resources is facilitated through closed-loop 

supply chains that implement advanced sorting and material recycling. Given the rise in 

demand and prices for critical resources, producers focus on material substitution. EPR 

regulations are fragmented worldwide, but policy responses intensify. Electronics are 

more repairable and durable, and green procurement is mandatory for all public 

institutions, with regulations like WEEE and RoHS mandatory globally.  The costs of 

compliance are on consumers, who lack awareness and financial incentives and are 

therefore hesitant to adhere to new consumption practices. Used EEE hoarding and 

inappropriate disposal practices persist, making EoL objectives increasingly difficult 

and costly. In developed countries, strict policies result in favorable outcomes, but 

challenges remain in developing countries, where the informal sector is still prevalent. 

Regulatory initiatives aimed at significantly reducing and eliminating toxicants in 

production and final goods result in little improvement, as the rising demand for 

electronics causes the risk of toxicity to remain. Ambitious targets for e-waste collection 

and reuse are established but still slowly executed441. Materials recovery is introduced, 

and the EU imposes fines on member states that fail to comply with the targets. 

However, effective e-waste management is still limited in nations with newly 

established EPR legislation442.  

This reactive method is comparable to our present approach. It is clear that 

depending exclusively on this approach is insufficient to address the environmental 

concerns related to our consumption patterns. In this context, a more holistic strategy 

that addresses the full product lifespan, from design to disposal, is essential. Circular 

 
440 K. Parajuly, R. Kuehr, A. K. Awasthi, C. Fitzpatrick, J. Lepawsky, E. Smith, R. Widmer, X. 

Zeng, StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste Scenarios 

(2019), p. 26. 
441 Ibidem. 
442 Ibidem. 
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economy concepts and waste-reduction initiatives are critical for long-term 

sustainability.  

It can be argued that this scenario is one we are currently living in. Several steps 

are being made toward sustainable and greener practices, with challenges and obstacles 

encountered mostly on the developing countries' part. However, considering the 

urgency for a deep change in our production and consumption patterns, and considering 

the state of the Earth’s resources at present, there is a need for a more drastic change, 

exemplified by the proactive approach scenario.  

 

The proactive path scenario entails a utopian vision where businesses have 

embraced a proactive approach towards sustainable production and consumption. 

Governments and consumers are active supporters of these practices as they recognize 

the importance of a circular approach in all phases of the electronics’ lifecycle443. 

Renewable energy and batteries are largely used in this scenario, with longer lifespans 

and designs that focus on easy repair and recyclability. Resource-recovery technologies 

effectively handle e-waste, and the demand for virgin resources is minimized. During 

the manufacturing phase, responsible mining practices and reduced emissions release 

contribute to a more sustainable environment. EoL management become a crucial part 

of electronics development. Producers collaborate with EoL managers in order to 

optimize resource recovery with circular economy practiced. Policies and regulations 

facilitate circularity, while businesses lead the way in their implementation. Rewards 

are introduced to incentivize sustainable products and consumption models. Information 

campaigns are implemented too in order to raise consumer awareness, and consumer 

behavior is thoroughly considered in the collection phase. Business models like PaaS 

gain popularity, supported by repair initiatives444.  

 

As previously introduced, in the future, specific categories of EEE will be used 

more frequently than others. Smartphones perfectly exemplify this phenomenon. The 

global number of smartphone users worldwide continues to increase over the years, with 

 
443 K. Parajuly, R. Kuehr, A. K. Awasthi, C. Fitzpatrick, J. Lepawsky, E. Smith, R. Widmer, X. 

Zeng, StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste Scenarios 

(2019), p. 28. 
444 Ibidem. 
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projections showing that between 2023 and 2028, this number will increase by 

17,33%445. At present, there are more smartphones on earth than living people. 

Considering the current trend, it is evident that demand for smartphones will increase in 

the future. Nevertheless, a sustainable mobile phone has not been designed yet446. 

 

Fig. 4.2 Number of smartphone users worldwide (in millions) 

 

 
Source: Statista, Number of smartphone users worldwide from 2013 to 2028. 

 

Considering smartphones under the hypothetical future scenarios in object, there 

are three potential paths that could define the future of smartphone sustainability. 

Under the linear growth scenario, the business-as-usual scheme would result in 

shorter lifespans for smartphones that can neither be repaired nor reused. In the pursuit 

of selling more affordable and advanced products, the environmental challenges 

associated with sourcing metals and manufacturing would be overlooked by producers, 

 
445 J. Degenhard, Statista, "Number of Smartphone Users Worldwide 2013-2028," available at: 

https://www.statista.com/forecasts/1143723/smartphone-users-in-the-world. 
446 K. Parajuly, R. Kuehr, A. K. Awasthi, C. Fitzpatrick, J. Lepawsky, E. Smith, R. Widmer, X. 

Zeng, StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste Scenarios 

(2019), p. 32. 
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and lack of consumer awareness would result in poor EoL management of 

smartphones447.  

As noted in Fig. 1.2, the current average lifespan of smartphones is 2.3 years 

shorter than their designed lifetime. Whether it is real, intentionally induced or a matter 

of perception, obsolescence causes a decrease in smartphone life expectancy and a rise 

in the number of outdated devices being disposed or stored at home448. 

Under more strict regulations, considering the reactive approach scenario, 

producers would be compelled to assume greater responsibility: they would provide 

software upgrades, and they would design hardware that would be simple to repair at 

least for a defined period after the purchase of the product. Except for this case, repair 

prices would remain significantly high, although spare components such as batteries and 

screens would be easily accessible. Even if technically possible, EoL collection would 

still be a logistical barrier, considering that due to the cost, not all components found in 

smartphones would be recycled. Without incentives to increase collection rates, many 

EoL smartphones would remain in users’ drawers449. In Italy, for instance, 44% of 

consumers admit having kept their previous smartphone as a backup, while 14% gave it 

to a family member450.  

Lastly, under the proactive approach scenario, modular phones would become 

increasingly popular. Modular phones are smartphones that allow for customization and 

upgrading of components, thus resulting in greater flexibility when compared to 

traditional smartphones. Through the personalization of devices, smartphones’ lifespan 

increased, as specific parts can be replaced or upgraded. As a result, consumers would 

not have to buy a completely new device when in need of an upgrade. Indeed, users 

could have the most recent software on their smartphone even if they do not own the 

most recent mobile phone. Furthermore, with free hardware updates, users could pay 

only for phone and data services. Through this approach, users may access modern 

technology without making a separate purchase, thus eliminating e-waste and promoting 

a more sustainable approach. With regards to the collection phase, take-back procedures 

 
447 K. Parajuly, R. Kuehr, A. K. Awasthi, C. Fitzpatrick, J. Lepawsky, E. Smith, R. Widmer, X. 

Zeng, StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste Scenarios 

(2019), p. 32. 
448 European Environment Agency Publications, Europe’s Consumption in a Circular Economy: 

the Benefits of Longer-Lasting Electronics (2020), p. 6.  
449 Ibidem. 
450 Deloitte, Digital Consumer Trends Survey 2022, Focus Italia.  



 132 

 

 

are facilitated, as producers would often retain the ownership of modular phones. As a 

result, a substantial percentage of these devices would undergo appropriate EoL 

procedures. Additionally, as a result of the modular phones’ advanced design, the 

recycling procedures would be simple, thus improving the industry’s overall 

sustainability and environmental impact451. 

Overall, there would be several benefits associated with this approach. Their 

adoption would contribute to the reduction of e-waste by extending the devices’ 

lifespan; users would have easy access to the latest software without having to purchase 

the latest model, thus resulting in a reduction of outdated devices’ disposal.  

This approach aligns perfectly with the concept of circular economy, as it 

promotes sustainability while maximizing resource efficiency. However, there are 

several barriers associated with this “utopistic”452 scenario. Developed and developing 

countries encounter similar challenges in the context of waste management. Based on 

the country, some unique differences can be identified. China is an intriguing example, 

due to its transitional state in the e-waste matrix. As a nation in transition, China 

presents a number of challenges associated with the adoption of sustainable e-waste 

management. 

One significant challenge is the lack of adequate regulatory pressures. Despite 

including circular economy in its national development strategy, China has just barely 

adopted sustainable e-waste management techniques. The main issue is associated with 

gaps in environmental laws and enforcement. Because of the little consequences faced 

by those who pollute or handle e-waste in an improper manner, businesses continue to 

manage e-waste as they always have without feeling obliged to invest in new or smarter 

technologies453. This perfectly reflects the first hypothetical scenario, where business is 

carried out “as usual”, with no regard for the potential consequences. According to a 

recently conducted study, the most effective strategy that the government of China 

 
451 K. Parajuly, R. Kuehr, A. K. Awasthi, C. Fitzpatrick, J. Lepawsky, E. Smith, R. Widmer, X. 

Zeng, StEP (Bonn), UNU ViE-SCYCLE (Bonn) & UNEP IETC (Osaka), Future E-waste Scenarios 

(2019), p. 30. 
452 Ibidem. 
453 D. Huisingh, Y. Liu, T. Qu, V. G. Venkatesh, M. Wan, and A. Zhang, "Barriers to Smart 

Waste Management for a Circular Economy in China," Journal of Cleaner Production 220 (2019), p. 18. 
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could implement would be to increase its policy support while also increasing the 

punishments for recyclers who do not comply with current regulations454. 

Technological difficulties also hinder the adoption of more sustainable e-waste 

management practices. In order to achieve a better e-waste management, digital 

technologies are crucial, as they facilitate tacking, sorting, and recycling of e-waste. The 

integration of technology platforms is a major challenge in China. Due to the short 

lifespan of electronics, users struggle to keep up with new upgrades, and the integration 

of new platforms which may be incompatible with older ones, further hinder this 

barrier455. 

Another challenge is the absence of market pressures and demand for sustainable 

practices. The lack of incentive for businesses to invest in sustainability practices is a 

result of the general public’s disregard for the environment. Due to the lack of economic 

benefits, organizations are unlikely to prioritize smart e-waste management without 

stakeholders’ constraints456. Moreover, the lack of environmental education and culture 

of environmental protection poses another challenge. Despite the inclusion of 

environmental education in the country’s strategy, the older generations do not have 

sufficient information in order to change their behavioral patterns. As a result, improper 

e-waste sorting, as well as littering, are common. Lack of consumer awareness results in 

detrimental impacts on the environment, which younger generations will have to deal 

with457. 

Stakeholder cooperation also lacks in China, resulting in poor implementation of 

smart e-waste management practices. Technology integration, shared responsibilities, 

coordinated incentives, and rewards among supply chain stakeholders are crucial for 

effective e-waste management458. Financial challenges and cost considerations also 

hinder progress in this context. Organizations struggle to secure the financial resources 

necessary to invest in e-waste management improvements459. 

 
454 Z. Wang and J. Huo, "Do government intervention measures promote e-waste recycling in 

China?," Journal of Environmental Management 342 (2023): 118-138, p. 128. 
455 Ibidem. 
456 Ibidem. 
457 D. Huisingh, Y. Liu, T. Qu, V. G. Venkatesh, M. Wan, and A. Zhang, "Barriers to Smart 

Waste Management for a Circular Economy in China," Journal of Cleaner Production 220 (2019), p. 19. 
458 Ibidem. 
459 Ibidem.. 
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Lastly, in order to shift to a circular economy model, it is necessary to prioritize 

long-term sustainability over short-term profitability. The analysis of the three different 

scenarios perfectly exemplifies this concept. In China, many businesses put their 

financial interest first, resulting in difficulties in investing in smart long-term e-waste 

management solutions460. This lack of consideration for long-term consequences is 

detrimental to the transition to a more sustainable future. As previously analyzed, the 

prioritization of financial interests, with no regards for the Earth’s finite resources, will 

result in a catastrophic scenario. We already find ourselves on the verge of a climate 

catastrophe, with projections indicating that the global temperature will rise by 2 

degrees Celsius by 2060, with irreversible consequences on the planet461. E-waste is a 

pressing and contributing issue, and the shift from a linear economy to a circular 

economy is fundamental for its proper and environmentally sound management. 

Moreover, the shift towards a circular economy is not only essential for addressing the 

issue of e-waste but also vital for preserving the environment and guaranteeing a 

sustainable future for all. Failure to embrace a circular economy may endanger our very 

existence. Therefore, it is imperative that immediate countermeasures are implemented 

to mitigate these risks. 

 

 

Fig. 4.3 Illustrative indication of a circular economy versus a linear economy 

for electronics 

 

 
460 Ibidem. 
461 A. Hedberg and S. Šipka, "The circular economy: Going digital," European Policy Centre, 

(2020), p. 10. 
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Source: European Environment Agency Publications, Europe’s consumption in a circular 
economy: the benefits of longer-lasting electronics. 

 

While the international community is already working towards this common 

goal, it is crucial to coordinate a collective response to address the multifaceted 

challenges posed by e-waste. In this context, different approaches need to be combined 

in order to promote the transition to a circular economy, including financial initiatives, 

regulatory advancement, public awareness and better infrastructure development. 

 

With regards to the financial aspect, there are different financing models 

identified in this context, which outline the different stakeholders who can take 

individual or collective responsibility for EoL management of electronics. Three are the 

general financing methos identified: entire society, consumers, and producers462. 

In the first approach, the responsibility of financing the collection and recycling 

of e-waste is collectively shared by society as a whole. In this scheme, the producer 

pays upfront feed when the product enters the market. The second model holds the 

 
462 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 

flows and the circular economy potential (Bonn/Geneva/Rotterdam: United Nations University 
(UNU)/United Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE Programme, 
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 2020), 
p. 54.  
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person or entity responsible for e-waste disposal and financially accountable for 

collection and recycling costs. As a result, the financial obligation is put on consumers, 

holding them accountable for the proper management of their e-waste. Japan’s 

approach, based on its home appliance recycling system, aligns with this scheme463.  

The third model is based on market share, with producers expected to cover all 

the expenses associated with the collection system. Thus, producers hold the main 

financial obligation for the safe management of e-waste. As a result, producers are 

incentivized to implement environmentally friendly practices that promote reuse and 

recycling464.  

Financial incentives are also relevant in this context. With governments 

providing financial incentives, responsible e-waste management can be encouraged. For 

instance, with the implementation of the Extended Producer Responsibility System in 

China, the government provided recycling companies with subsidies in order to 

incentivize competition with informal enterprises (Table 2.8). 

With regards to regulatory advancement, national governments play a crucial 

role in promoting a regulatory framework that aims at the adoption of greener strategies 

associated with e-waste management. In addition, governments are fundamental also in 

supporting initiatives designed by non-governmental institutions. One way to facilitate 

the adoption of green ICT would be the implementation of government policies that 

incentives its use. For example, by involving different departments, such as education, 

environment, or development, green ICT practices can be introduced. It is also crucial 

that the necessary financial resources are well allocated to promote sustainable 

initiatives, as well as to develop adequate infrastructures465.  

Public awareness is another key element in this context, as for sustainable 

policies to be effective, consumers must change their behavior patterns. Therefore, 
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policies and initiatives that target consumer and user education are fundamental466. In 

this context, Hong Kong offers an interesting example of using ICT for educational 

purposes with a green aim. 

Hong Kong has incorporated ICT into its educational institutions to promote 

environmental protection and green concepts among students. GreenXity and Carbon 

Raider, two ICT-based platforms, were developed and are deployed in over 500 

secondary schools for this purpose. GreenXity is a 3D game in which students create a 

sustainable campus by using green and recycling technology. The game demonstrates 

the prices, functionality, methods, and carbon savings associated with various 

technology467. Wind turbines, green roofs, garbage sorting, LED lighting, and energy-

saving measures were employed by students in the Hong Kong competition. When 

making their decisions, students had to consider costs, environmental advantages, and 

practicality.  

Education is therefore a complementary and fundamental element in the context 

of a greener economy which aims at resource efficiency and emissions reduction, and it 

should be included in policies and initiatives. The role of consumers cannot be 

considered marginal but as an integral part of the e-waste value chain. For instance, 

Japan’s LHRA imposes responsibilities on consumers, who are required to cooperate on 

the collection with retailers or local governments through the payment of a recycling 

fee468. This process is highly efficient, with data showing that 80% of e-waste is 

properly managed under the LHRA469. 

 

Another crucial step to move toward sustainable e-waste management is the 

harmonization of data. Monitoring e-waste amounts and flows is critical for monitoring 

trends over time and creating and assessing goals. Better data on e-waste allows for the 

establishment of good policies and legal instruments, as it serves as a foundation for 
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monitoring, controlling, and preventing unlawful transit, dumping, and incorrect e-

waste treatment470. At the global level, an improvement of data collection would 

contribute to minimize e-waste generation and facilitate the development of targeted 

policies. A greater knowledge of the numbers of e-waste would be essential in the 

development of tools to promote recycling and anticipate potential green employment 

creation. 

At the local level, it would help determine the extent of difficulties, the 

definition of suitable targets, and the allocation of the necessary financial resources. The 

UNU SCYCLE Program has developed an internationally standardized methodology for 

the measurement of e-waste, which was a significant step in establishing an integrated 

worldwide measurement system. However, it is important to highlight that there is 

currently a scarcity of global data sources on e-waste statistics, and many nations lack a 

measuring methodology and official data. For this very reason, it is crucial to move 

towards a harmonization of data worldwide471. 

 

In conclusion, addressing the issue of e-waste requires coordinated international 

and national efforts. The examination of future scenarios stresses the importance of 

acting quickly to tackle the enormous impacts currently created by this issue. Such 

advancements can only be realized via collaborative efforts across several sectors, 

including government, finance, and society. The need for enhanced awareness and 

education, building on successful existing initiatives, is crucial. Failure to handle this 

critical issue in a timely and effective manner would have catastrophic implications. To 

address the issue of e-waste, it is essentials that actions are taken swiftly and with a 

long-term perspective in mind. 

  

 
470 V. Forti, C.P. Baldé, R. Kuehr, and G. Bel, The Global E-waste Monitor 2020: Quantities, 
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Conclusion  
 

The objective of this thesis was to shed light on the pressing global issue of 

waste electrical and electronic equipment. To fully understand the extent of this issue, it 

is necessary to insert it in a wider perspective, considering intertwined factors that 

contribute to its gravity. Not only e-waste is associated with serious environmental and 

human health implications due to the hazardous substances present in its composition, 

but it is also associated with negative economic and social consequences.  

The issue of e-waste is intrinsically linked to the current linear production and 

consumption model, which has depleted the world’s resources to the point that we now 

find ourselves on the verge of climate catastrophe. For this very reason, it is crucial to 

swiftly shift toward a circular economy model that prioritizes resource regeneration and 

recovery. In recent years, e-waste has gained international attention and collaborative 

and coordinated actions were carried out in order to tackle this issue. However, the 

current trend of production and the rising demand for electronics, fostered by global 

development and technological advancement, highlights the urgency for a swifter and 

more urgent strategy. In fact, projections are concerning, showing that e-waste 

generation will increase at an unprecedented rate, with catastrophic consequences on 

environmental components such as soil, air, and water and on human life.  

The continuous growth of the ICT sector carries evident consequences in terms of e-

waste generation. Furthermore, the advancement of the ICT sector also contributes to 

climate change, as the energy consumption associated with it, primarily in the form of 

carbon emissions, is enormous.   

However, within the problem may also lie the solution. On the one hand, the constant 

development and proliferation of the ICT sector results in detrimental ecological 

consequences. On the other hand, digital solutions can significantly contribute to better 

manufacturing and disposal of electronics, or, in other words, they can facilitate their 

circularity. The practice of utilizing information and communication technology in an 

environmentally sustainable manner in the context of electronics manufacturing, use, 

and disposal, with the goal to minimize the negative impact of ICT on the environment 

is defined as Green ICT.  
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The intersection between the Green ICT domain and the e-waste field is extremely 

important, as considering the current state of things, it is evident that there cannot be a 

future without sustainable digitalization, and there is no sustainable digitalization 

without proper management of e-waste. 

In this context, the pioneering role of East Asian countries emerges. Japan, 

South Korea, and Taiwan are considered at the forefront of the transition toward a 

circular economy, with e-waste in these countries being managed in an environmentally 

sound manner. Simultaneously, their role in fostering greener ICT practices is also 

significant and poses them at the forefront of this field as well. On the other hand, China 

and Hong Kong are still in a transitional phase with regard to this topic. However, 

although not equally developed as their neighboring countries, their transitional 

situation contributes to a wider consideration of the current development in green ICT 

practices for proper e-waste management. As a result, the diversification present in the 

East Asian region is extremely interesting, as it concerns some of the most influential 

countries in the world’s electronics production and the largest producers of e-waste. 

What emerged from this analysis is that the development and implementation of 

newer and sustainable practices are urgent and often successful, but not always 

applicable to different contexts. As predictable, additional layers of complexity are 

associated with more complex situations, as is the case of China and Hong Kong. 

However, alignment between the transition to a circular economy, the e-waste 

management and Green ICT discourse, and the SDGs offers a promising outlook for a 

sustainable future scenario. This convergence highlights the significant potential of 

addressing the e-waste challenge, while consequently addressing environmental 

challenges associated with it, as well as promoting resource efficiency through green 

ICT practices, and achieving the broader goals outlined in the SDGs.  

 

In conclusion, the transition towards a circular economy model is not only 

essential for addressing the issue of e-waste but also vital for preserving the 

environment and guaranteeing a sustainable future for all. After all, “economy without 

circularity is vice, and circularity without economy is a castle in the sky”472. 

 

 
472 Ministry of Economy, Trade and Industry (METI), Circular Economy Vision 2020, p. 32. 
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Appendix 
 

Name Regulation 

Type 

Status Date of Entry  

Into Force 

China: Management of Electrical Installations and 

Waste Containing Polychlorinated Biphenyls (PCBs), 

Regulation, January 1991 

Regulatory In force Mar 1, 1991 

China: Catalogue of Goods Prohibited from Import, 

Second Batch, Notice No. 37, 2001 

Regulatory In force Jan 1, 2002 

China: Catalogue of Goods Prohibited from Import, 

Fourth and Fifth Batch, Notice No. 25, 2002 

Regulatory In force Aug 15, 2002 

China: Prevention and Control of Waste Battery 

Pollution, Policy Document No. 163, 2003 

Regulatory In force Oct 9, 2003 

China: Prevention and Control of Environmental 

Pollution by Solid Waste Law, 2005 

Regulatory In force Apr 1, 2005 (Date of 
Entry into Force of 
amended law) 

China: Pollution Prevention and Control of Household 

Waste Electrical and Electronic Equipment (WEEE), 

Technical Policy Document, No. 115, 2006 

Regulatory In force Apr 27, 2006 

China: Management Methods for Recovery of 

Renewable Resources, Order No. 8, 2007 

Regulatory In force May 1, 2007 

China: Administrative Measures for the Prevention of 

Environmental Pollution by Electronic Waste, SEPA 

Order No. 40, 2007 

Regulatory In force Feb 1, 2008 

China: Circular Economy Law, 2008 Regulatory In force Jan 1, 2009 

China: National "Old for New" Trade-In Scheme for 

Household WEEE and Vehicles, Notice No. 44, 2009 

Regulatory In force 
 

China: Guidelines for Implementation of Old for New 

Trade-In Scheme for WEEE, MEP Notice No. 73, 2009. 

Regulatory In force Jul 1, 2009 

China: Guidelines for Examination and Approval of 

Qualification for Waste Electrical and Electronic 

Equipment (WEEE) Treatment Facilities, Notice No. 90, 

2010 

Regulatory In force 
 

China: Technical Specifications for Pollution Control of 

Treatment of Lead-acid Batteries, Standard HJ 519-2009 

Regulatory In force Mar 1, 2010 
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China: Technical Specification for Processing of Waste 

Electrical and Electronic Equipment (WEEE), Standard 

HJ527—2010 

Regulatory In force Apr 1, 2010 

China: Customs HS Tariff Codes for Waste Electrical 

and Electronic Equipment (WEEE) Catalogue, 

Announcement No. 35, 2010 

Regulatory In force Jan 1, 2011 

China: Guidelines on Creation of Waste Electrical and 

Electronic Equipment (WEEE) Data Information 

Management System, Notice No. 84, 2010 

Regulatory In force Jan 1, 2011 

China: Guidelines on Creation of Waste Electrical and 

Electronic Equipment (WEEE) Recovery Processing 

Development Plan, Notice No. 82, 2010 

Regulatory In force Jan 1, 2011 

China: Management and Supervision of Old for New 

Trade-In Scheme for WEEE, Notice No. 210, 2011 

Regulatory In force 
 

China: Management of Permits for Treatment of Waste 

Electrical and Electronic Equipment (WEEE), Decree 

No. 13, 2010 

Regulatory In force Jan 1, 2011 

China: Regulations on Waste Electrical and Electronic 

Equipment, Order No. 551, 2009 

Regulatory In force Jan 1, 2011 

China: Administrative Measures for Waste Electrical 

and Electronic Equipment Treatment Fund,  Notice No. 

34, 2012 

Regulatory In force Jul 1, 2012 

China: Clarifying Scope of Products for the Waste 

Electrical and Electronic Products (WEEE) Treatment 

Fund, Notice No. 80, 2012 

Regulatory In force Jul 1, 2012 

China: Approval of Enterprises for Imported Waste 

Electrical and Electronic Equipment Treatment in 2013, 

Notice No. 102, 2012 

Regulatory In force Jul 25, 2012 

China: Circular Economy Development Strategy and 

Action Plan, Notice No. 5, January 2013 

Regulatory In force 
 

China: Promotion of Lead-acid Batteries and Secondary 

Lead Industry Development, Opinion No. 92, 2013 

Regulatory In force 
 

China: Industry Entry Requirements for Lead Acid 

Batteries, Notice No. 85, 2015 

Regulatory In force Dec 25, 2015 

China: Technical Policy on Recycling and Utilisation of 

Rechargeable Batteries for Electric Automobiles, 

Announcement No. 2, 2016 

Regulatory In force Jan 5, 2016 

China: Waste Electrical and Electronic Equipment 

Catalogue, Notice No. 5, 2015 

Regulatory In force Mar 1, 2016 
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China: Interpretation of Waste Electrical and Electronic 

Equipment Catalogue, Notice No. 1050, 2016 

Regulatory In force Apr 25, 2016 

China: National Catalogue of Hazardous Waste, Order 

No. 39, 2016 

Regulatory In force Aug 1, 2016 

China: Extended Producer Responsibility (EPR) 

Program, Notice No. 99, 2016 

Regulatory In force Dec 25, 2016 

China: National Plan on Promoting Extended Producer 

Responsibility, Notice No. 99, 2016 

Regulatory In force Dec 25, 2016 

China: Technical Policy on Pollution Prevention in 

Manufacture and Recycling of Lead-acid Batteries, 

Announcement No. 82, 2016 

Regulatory In force Dec 26, 2016 

China: Technical Policy on Waste Battery Pollution 

Control, Announcement No. 82, 2016 

Regulatory In force Dec 26, 2016 

China: Plan for Household  Waste Classification, Notice 

No. 26,  2017 

Regulatory In force 
 

China: Implementation Measures on Prohibiting Foreign 

Waste Import and Promoting Reform of Solid Waste 

Importation, Notice No. 70, 2017 

Regulatory In force Jul 18, 2017 

China: Classification Catalogue on Stationary Source 

Pollution Discharge Permit Management, Order No. 45, 

2017 

Regulatory In force Jul 28, 2017 

China: Imported Solid Waste Catalogue, Announcement 

No. 39, 2017 

Regulatory In force Dec 31, 2017 

China: Imported Solid Waste Catalogue, Announcement 

No. 39, 2017 - Amendment - (on ban on import of 32 

solid wastes) Announcement No. 6, 2018 

Regulatory In force 
 

China: Waste Lead Storage Battery Pollution Control 

Action Plan, Notice No. 3, 2019 

Regulatory In force Jan 18, 2019 

China: Promotion of Key Consumer Product Upgrades, 

and Smooth Resource Recycling Implementation Plan 

(2019 to 2020), Notice No. 967, 2019 

Regulatory In force Jun 3, 2019 

China: Guidelines for Inspection and Approval of 

Operational Permits for Hazardous Waste Management, 

Notice No. 65, 2009 and other - Amendment - (on 

certification materials) Announcement No. 22, 2019 

Regulatory In force Jun 14, 2019 

China: Guidelines for the Review of the Dismantling and 

Disposal of Waste Electrical and Electronic Products, 

Announcement No. 1, 2019 

Regulatory In force Oct 1, 2019 
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China: Implementation Plan on Improving the Recycling 

and Disposal System of Used Household Appliances, 

Notice No. 752, 2020 

Regulatory In force May 14, 2020 

China: Prevention and Control of Environmental 

Pollution by Solid Waste Law, 2020 

Regulatory In force Sep 1, 2020 

China: Decision on Repealing Various Regulations and 

Regulatory Documents Related to the Import of Solid 

Waste, Order No. 21, 2021 

Regulatory In force 
 

China: Decision on Repealing Various Regulations and 

Regulatory Documents Related to the Import of Solid 

Waste, Order No. 21, 2021 

Regulatory In force 
 

China: Guidelines for Environmental Management and 

Pollution Prevention in the Treatment of Nine Types of 

Waste Electrical and Electronic Products, 

Announcement No. 39, 2021 

Regulatory In force 
 

Hong Kong (China): Waste Disposal Ordinance No. 8, 

Chapter 354, 1980 

Regulatory In force May 19, 1980 

Hong Kong (China): Product Eco-Responsibility 

Ordinance No. 32, Chapter 603, 2009 

Regulatory In force Apr 30, 2009 

Hong Kong (China): Product Eco-Responsibility 

Ordinance No. 32, Chapter 603, 2009 & other - 

Amendment - (on recycling and proper disposal) 

Ordinance No. 3, 2016 

Regulatory In force Mar 24, 2016 

Hong Kong (China): Product Eco-Responsibility 

(Regulated Electrical Equipment) Regulation, L.N. 143, 

2017 - Amendment - (on recycling labels etc) Resolution, 

L.N. 142, 2017 

Regulatory In force Jul 7, 2017 

Hong Kong (China): Product Eco-Responsibility 

(Regulated Electrical Equipment) Regulation, L.N. 143, 

2017 

Regulatory In force May 4, 2018 
Aug 1, 2018 (Date of 
Entry into Force of 
Uncommenced 
Provisions of the 
Regulation) 

Hong Kong (China): Product Eco-Responsibility 

Ordinance No. 32, Chapter 603, 2009 & Other - 

Amendment - (on recycling levy) Ordinance No. 13, 2016 

Regulatory In force Apr 30, 2023 (Date of 
Entry into Force of 
Uncommenced 
Provisions) 

Taiwan: Methods and Facilities Standards for the 

Storage, Clearance and Disposal of Waste Lighting 

Equipment, Order No.091006001104, 2002 

Regulatory In force Sep 11, 2002 

Taiwan: Binding Matters on Container and Dry Battery 

Vendors Required to Install Resource Recycling 

Facilities, Order No. 091006348F, 2002 

Regulatory In force Oct 2, 2002 

Taiwan:  Standards on Methods and Equipments for 

Waste Lead Acid Storage Battery Recycling and 

Treatment, Order No. 0910071840, 2002 

Regulatory In force Oct 23, 2002 
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Taiwan: Enterprise Responsibility for the Placing of 

Relevant Recycling Marks on Dry Batteries, Official 

Announcement, January 2004 

Regulatory In force Jan 28, 2004 

Taiwan: Fee Rate for Products Recycling, Clearance and 

Disposal, Announcement No. 0950086343, 2006 

Regulatory In force Jan 1, 2007 

Taiwan: Methods and Facilities Standards for Recycling, 

Storage, Clearance, Treatment and Disposal of Waste 

Information Technology Products and Waste Electrical 

and Electronic Equipment, Order No. 0960013423, 2007 

Regulatory In force Feb 16, 2007 

Taiwan: Fee Rate for Recycling and Disposal of Dry 

Batteries, Announcement No. 0950079457, 2006 

Regulatory In force Mar 1, 2010 (Date of 
entry into force of last 
amendment) 
Nov 1, 2006 

Taiwan: Scope, Facilities, Specifications and Other 

Criteria for Electrical and Electronic Product Vendors 

Required to Install Recycling Facilities, Announcement, 

2010 

Regulatory In force Jul 1, 2011 
Apr 1, 2012 (Date of 
Entry into Force of 
Latest Amendment) 

Taiwan: Fee Rate for Recycling and Disposal of Dry 

Batteries, Announcement No. 0950079457, 2006 - 

Amendment - (on fee rate) Announcement No. 

1020104856A, 2013 

Regulatory In force Jan 1, 2014 

Taiwan: Fee Rate for Recycling and Disposal of Lighting 

Equipment, Announcement No. 1030016580, 2014 

Regulatory In force Mar 1, 2014 

Taiwan: Scope of Products and Packages Subject to 

Recycling and Responsible Persons, Announcement No. 

0920042910, 2003 

Regulatory In force Jun 30, 2003 
Mar 1, 2014 (Date of 
entry into force of last 
amendment and Date 
of name changed) 

Taiwan: Fee Rate for Recycling and Disposal of Lighting 

Equipment, Announcement No. 1030016580, 2014 - 

Amendment - (on fee rate for straight  tube fluorescent 

lamps) Announcement No. 1030050378, 2014 

Regulatory In force Jul 1, 2014 

Taiwan: Methods and Facilities Standards for the 

Storage, Clearance and Disposal of Waste Information 

Products and Waste Electrical and Electronic 

Equipments, Order No. 0960013423, 2007 - Amendment 

- (on definitions, etc.) Order No. 1030100061, 2014 

Regulatory In force Dec 1, 2014 

Taiwan: Fee Rate for Recycling and Disposal of Dry 

Batteries, Announcement No. 0950079457, 2006 - 

Amendment - (on fee rate) Announcement No. 

1050101338, 2016 

Regulatory In force Jan 1, 2017 

Taiwan: Fee Rate for Recycling and Disposal of Lighting 

Equipment, Announcement No. 1030016580, 2014 - 

Amendment - (on fee rate) Announcement No. 

1050101330, 2016 

Regulatory In force Jan 1, 2017 

Taiwan: Methods and Facilities Standards for the 

Storage, Clearance and Disposal of Waste Lighting 

Equipment, Order No.091006001104, 2002 - Amendment 

- (on facilities for treatment of waste LED lamps) 

Announcement No. 1050085013, 2016 

Regulatory In force Oct 25, 2016 
Jan 1, 2017 (Date of 
Entry into force of 
Article 8 (2), 9 (6)) 
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Taiwan: Scope of Products and Packages Subject to 

Recycling and Responsible Persons, Announcement No. 

1020066974, 2013 - Amendment - (on adding LED 

lighting equipment) Announcement 1050049280, 2016 

Regulatory In force Jan 1, 2017 

Taiwan: Supplementary Instruction on Scope of 

Products and Packages Subject to Recycling and 

Responsible Persons, Order No. 1050095304, 2016 

Regulatory In force Jan 1, 2017 

Taiwan: Methods and Facilities Standards for Recycling, 

Storage, Clearance, Treatment and Disposal of Waste 

Information Technology Products and Waste Electrical 

and Electronic Equipment, Order No. 0960013423, 2007 

- Amendment - (on processing technology, etc.) Order 

No. 1070054865, 2018 

Regulatory In force Jul 13, 2018 

Taiwan: Fee Rate for Products Recycling, Clearance and 

Disposal, Announcement No. 0950086343, 2006 - 

Amendment - (on fee rate for electrical and electronic 

equipment) Announcement No. 1080033934, May 2019 

Regulatory In force 
 

Taiwan: Scope of Products and Packages Subject to 

Recycling and Responsible Persons, Announcement No. 

1020066974, 2013 - Amendment - (on definitions and 

scopes) Announcement No. 1080017159, 2019 

Regulatory In force Jul 1, 2019 

Taiwan: Fee Rate for Products Recycling, Clearance and 

Disposal, Announcement No. 0950086343, 2006 - 

Amendment - (on fee rate compliance deadlines) 

Announcement No. 1080047638, 2019 

Regulatory In force Jul 4, 2019 

Taiwan: Methods and Facilities Standards for the 

Storage, Clearance and Disposal of Waste Lighting 

Equipment, Order No.091006001104, 2002 - Amendment 

- (on mercury management, and negative pressure 

management) Order No. 1101063155, 2021 

Regulatory In force 
 

Taiwan: Fee Rate for Recycling and Disposal of Lighting 

Equipment, Announcement No. 1030016580, 2014 - 

Amendment - (on adjustment of fee rates) 

Announcement No. 1101060117, 2021 

Regulatory In force Jul 7, 2021 

Taiwan: Fee Rate for Recycling and Disposal of Lighting 

Equipment, Announcement No. 1030016580, 2014 - 

Amendment - (on adjustment of fee rates) Notice No. 

1101150148, 2021 

Regulatory In force Nov 9, 2021 

Taiwan: Scope of Products and Packages Subject to 

Recycling and Responsible Persons, Announcement No. 

1020066974, 2013 - Amendment - (on scopes of 

refrigerators and washing machines) Announcement 

1111009651, 2022 

Regulatory In force Feb 28, 2022 

Japan: Waste Management and Public Cleansing Law, 

Enforcement Ordinance, Cabinet Order No. 300, 1971 

Regulatory In force Sep 23, 1971 

Japan: Specific Household Appliance Recycling Act, 

Enforcement Order, Ministerial Order No. 378, 1998 

Regulatory In force Dec 1, 1998 
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Japan: Policy on Collection, Transportation and 

Recycling of Household Appliance Waste, Notice No. 1, 

1999 

Regulatory In force 
 

Japan: Specific Household Appliance Recycling Act 

Enforcement Regulations, Ordinance No. 1, 2000 

Regulatory In force Feb 18, 2000 

Japan: Specific Household Appliance Recycling Act, 

No.97, 1998 

Regulatory In force Apr 1, 2001 

Japan: Voluntary Takeback and Recycling of 

Computers, Ordinance No. 1, 2001 

Regulatory In force Apr 1, 2001 

Japan: Voluntary Takeback of Sealed Storage Batteries, 

Ordinance No. 1, 28 March 2001 

Regulatory In force Apr 1, 2001 

Japan: Recycling of Sealed Storage Batteries in 

Electrical Products with External Power Supplies, METI 

Ordinance 93, 28 March 2001 

Regulatory In force Apr 1, 2001 

Japan: Specific Household Appliance Recycling Act, 

1998 - Amendment - (on widening scope) Ministerial 

Ordinance, 2009 

Regulatory In force Apr 1, 2009 

Japan: Basic Policy on Promoting the Recycling of Small 

Waste Electrical and Electronic Equipment, Notice No. 

1, 2013 

Regulatory In force 
 

Japan: Promotion of Recycling of Small Waste Electrical 

and Electronic Equipment, Law No. 57, 2012 

Regulatory In force Apr 1, 2013 

Japan: Promotion of Recycling of Small Waste Electrical 

and Electronic Equipment, Enforcement Regulation, 

Ministerial Order No. 3, 2013 

Regulatory In force Apr 1, 2013 

Japan: Promotion of Recycling of Small Waste Electrical 

and Electronic Equipment, Enforcement Ordinance, 

Order No. 45, 2012 

Regulatory In force Apr 1, 2013 

Japan: Specific Household Appliance Recycling Act, 

Enforcement Order, Ministerial Order No. 378, 1998 - 

Amendment - (on recycling targets) Order No. 81, 2015 

Regulatory In force Apr 1, 2015 

South Korea: Resource Recycling of Electrical and 

Electronic Equipment and Vehicles, Act No. 8405, 2007 

Regulatory In force Jan 1, 2008 

South Korea: Enforcement Ordinance on the Recycling 

of Electrical and Electronic Equipment and Vehicles Act 

2007, Presidential Decree No. 20480, 2007 

Regulatory In force Jan 1, 2008 

South Korea: Resource Recycling of Electrical and 

Electronic Equipment and Vehicles Act 2007, 

Enforcement Regulation No. 268, 2007 

Regulatory In force Jan 1, 2008 
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South Korea: Guidelines on Improving Materials and 

Structure of Electrical and Electronic Products, Notice 

No. 2008-7 

Regulatory In force Jan 29, 2008 

South Korea: Guidelines for the implementation of the 

recycling and recovery obligations on electrical and 

electronic products, Regulation No. 330, 2008 

Regulatory In force Jul 10, 2008 

South Korea: Resource Recycling of Electrical and 

Electronic Equipment and Vehicles, Act No. 8405, 2007 - 

Amendment - (on recycling) Act No. 11913, 2013 

Regulatory In force Jan 1, 2014 

South Korea: Guidelines on Compliance with Standards 

Restricting the Use of Hazardous Substances on 

Electrical and Electronic Equipment and Vehicles, 

Regulation No. 331, 2008 

Regulatory In force Jul 23, 2008 
Oct 20, 2017 (Date of 
entry into force of last 
amendment) 

South Korea: Preparation and Submission of Control 

Records for Waste Electrical and Electronic Equipment 

and Vehicles, Notice No. 2007-210 

Regulatory In force Dec 31, 2018 (Date of 
Entry Into Force of 
Last Amendment) 
Jan 7, 2008 

South Korea: Enforcement Ordinance on the Recycling 

of Electrical and Electronic Equipment and Vehicles Act 

2007, Presidential Decree No. 20480, 2007 and Other -

Amendment - (on EEE recycling system, etc.) 

Presidential Decree No. 29843, 2019 

Regulatory In force Jun 13, 2019 

South Korea: Guidelines for the Implementation of the 

Recycling and Recovery Obligations on Electrical and 

Electronic Products, Regulation No. 330, 2008 - 

Amendment - (on additional product subject to 

recycling, etc.) Regulation No. 651, 2019 

Regulatory In force Jul 1, 2019 (Date of 
entry into force for 
large-sized equipments 
of Annex 1) 
Jan 1, 2020 (Date of 
entry into force for 
products other than 
large-sized equipment 
in Annex 1) 
Apr 8, 2019 

South Korea: Enforcement Ordinance on the Recycling 

of Electrical and Electronic Equipment and Vehicles Act 

2007, Presidential Decree No. 20480, 2007 - Amendment 

- (on addition of 23 new products to expand recycling 

and take-back obligation targets) Decree No. 30293, 2019 

Regulatory In force Jan 1, 2020 

South Korea: Transboundary Movement of Hazardous 

Wastes and their Disposal, Act No. 4534, 1992 

Regulatory In force May 29, 1994 
Oct 1, 2020 (Date of 
entry into force of Act 
No. 17179) 
Apr 1, 2021 (Date of 
entry into force of 
Articles 5-2, 12, 18-3, 
18-4/5/6, 22-5, 27-2, 
29-2, 30 and 32 (Act 
No. 17179)) 

South Korea: Transboundary Movement of Hazardous 

Wastes and their Disposal, Act No. 4534, 1992 - 

Amendment - (on obligation of wastes 

importers/exporters, etc.) Act No. 17179, 2020 

Regulatory In force Oct 1, 2020 
Apr 1, 2021 (Date of 
entry into force of 
Articles 5-2, 12, 18-3, 
18-4/5/6, 22-5, 27-2, 
29-2, 30 and 32) 
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South Korea: Enforcement Ordinance on the Recycling 

of Electrical and Electronic Equipment and Vehicles Act 

2007, Presidential Decree No. 20480, 2007 - Amendment 

- (on additional restricted substances and additional 

products subject to restrictions, etc.) Decree No. 31184, 

2020 

Regulatory In force Jan 1, 2021 
Jul 1, 2021 (Date of 
Entry into Force: 
Annex 1-2 and Annex 
2 concerning 
restrictions for 
hazardous substances) 

South Korea: Enforcement Ordinance on the Recycling 

of Electrical and Electronic Equipment and Vehicles Act 

2007, Presidential Decree No. 20480, 2007 - Amendment 

- (on fines that may be imposed on manufacturers 

obligated to recycle EEE) Decree No. 31874, 2021 

Regulatory In force Jul 6, 2021 

South Korea: Guidelines on Improving Materials and 

Structure of Electrical and Electronic Products, Notice 

No. 2008-7 - Amendment - (on changes in reporting 

deadlines and introduction of incentives for EEE 

manufacturers) Notice No. 2021-216 

Regulatory In force Nov 9, 2021 

South Korea: Separate Discharge Labelling System 

Guidelines, Notice No. 2002-195 

Regulatory In force Jan 1, 2003 
Jan 1, 2022 (Date of 
entry into force of 
Notice 2021-140) 

South Korea: Recycling and Recovery Cost Calculation 

Index of Electric and Electronic Products for 2022, 

Notice No. 2022-112 

Regulatory In force Jun 12, 2022 

South Korea: Regulations on Calculation of Mandatory 

Recycling Amount for Solar Panels, Draft Notice No. 

2022-584 

Regulatory Proposed Dec 31, 2022 
(proposed) 

South Korea: Promotion of Saving and Recycling 

Resources Enforcement Rules, Regulation No. 429, 1993 

Regulatory In force Jul 31, 1993 
Nov 24, 2022 (Date of 
entry into force of 
revised Annex 2 on 
disposable products) 
Jan 1, 2023 (Date of 
entry into force of 
revised Annex 6 on 
recycling of LED 
lighting products) 
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Summary  
 

I Rifiuti da Apparecchiature Elettriche ed Elettroniche, anche detti RAEE, sono 

definiti dalla Convenzione di Basilea come “apparecchiature elettriche o elettroniche 

divenuti rifiuti compresi tutti i loro componenti, i loro sottogruppi e i materiali di 

consumo che fanno parte delle suddette apparecchiature nel momento in cui queste 

divengono rifiuti”.  I RAEE comprendono una serie di diversi prodotti, come ad 

esempio gli elettrodomestici, e rappresentano attualmente il più grande flusso di rifiuti 

al mondo. Secondo gli ultimi dati disponibili, nel 2019 sono state prodotte 53.6 milioni 

di tonnellate metriche (Mt) di RAEE globalmente, che corrispondono ad una 

produzione per capita di 7.3 kg. Considerando il trend attuale, le proiezioni future 

indicano che la produzione di RAEE aumenterà fino ad arrivare a 74 Mt e 110 Mt di 

RAEE, rispettivamente, nel 2030 e nel 2050.  

Prima di diventare RAEE, le Apparecchiature Elettriche ed Elettroniche 

vengono definite AEE, e comprendono una serie di prodotti “con componenti elettronici 

con alimentazione elettrica o a batteria”, che vengono classificati in 54 categorie in base 

alle loro funzioni e alla loro composizione materiale. Quando raggiungono la fine della 

loro vita utile, gli AEE diventano RAEE, e vengono ulteriormente classificati in sei 

diverse categorie. Queste categorie, definite dal Parlamento Europeo, sono le seguenti: 

apparecchiature di scambio termico; schermi, monitor, e apparecchiature contenenti 

schermi con una superficie maggiore di 100 cm2; lampade; apparecchiature di grandi 

dimensioni; apparecchiature di piccole dimensioni; apparecchiature IT e di 

telecomunicazioni di piccole dimensioni.  

Il volume costantemente crescente di RAEE può essere attribuito a vari fattori. I 

nuovi sviluppi tecnologici, favoriti dallo sviluppo globale e dall’innovazione, hanno 

aumentato l’accessibilità economica, risultando in tassi di consumo più elevati rispetto 

al passato e ad una vita più breve degli elettronici. La crescente popolarità dell’Internet 

of Things (IoT), e il crescente numero di utenti su internet contribuiscono ad aumentare 

la domanda, sempre maggiore, di elettronici. Inoltre, i prezzi, ridotti rispetto al passato, 

e la facilità di aggiornamento incoraggiano ulteriormente gli utenti a sostituite i loro 

dispositivi elettronici con regolarità. L’incremento della popolazione la crescente 
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urbanizzazione aggravano ulteriormente il problema dei RAEE, poiché gli abitanti dei 

centri cittadini utilizzano e buttano dispositivi elettronici ad un ritmo senza precedenti.  

Mentre le risorse finite della Terra vanno esaurendosi, diventa sempre più 

evidente che l’attuale modello economico lineare di consumo, basato sul “prendere-

creare-buttare” non è più sostenibile, specialmente guardando al contesto dei RAEE. La 

transizione verso un modello di economia circolare emerge come fondamentale nella 

promozione di un’industria elettronica più sostenibile che adotti pratiche di fine vita 

degli elettronici a loro volta più sostenibili. Il modello di economia circolare prioritizza 

la rigenerazione delle risorse e la minimizzazione dei rifiuti, massimizzando al 

contempo l’efficienza. Attraverso l’implementazione di metodi a ciclo chiuso per 

aumentare la durata e la riciclabilità degli AEE, è possibile adottare un modello di 

economia circolare nel campo dei RAEE.  

In questo ambito, il concetto di green ICT, o informatica verde, è una 

componente cruciale per la transizione verso un’economia circolare e, 

conseguentemente, per una gestione più sostenibile dei RAEE. Il green ICT è la pratica 

di utilizzare la tecnologia dell’informazione e comunicazione in modo ecologicamente 

sostenibile nel contesto di produzione, uso, e smaltimento degli elettronici, con 

l’obiettivo di ridurre al minimo l’impatto negativo degli elettronici sull’ambiente. 

L’industria ICT è in continuo sviluppo, con proiezioni future che indicano che questa 

industria utilizzerà il 20% dell’elettricità globale entro il 2025. Chiaramente, l’uso di 

elettricità è strettamente connesso alle emissioni di gas serra, e le emissioni attualmente 

prodotte dall’industria ICT corrispondono approssimativamente al 2% delle emissioni 

globali. Maggiore è lo sviluppo del settore informatico e di comunicazione, maggiore 

sarà il consumo di energia e le emissioni di gas serra rilasciate nell’atmosfera. Allo 

stesso tempo, maggiore è lo sviluppo del settore ICT, maggiore sarà il numero di RAEE 

prodotti, a dimostrazione del fatto che una gestione adeguata di quest’ultimi è 

estremamente urgente.  

Da una parte, le pratiche di Green ICT possono migliorare le prestazioni 

ambientali complessive del settore ICT, il quale contribuisce in maniera significativa 

alle emissioni globali. Dall’altra, l’implementazione di pratiche ICT verde può 

migliorare la gestione dei RAEE, poiché favorisce la circolarità degli elettronici. 

Pertanto, è necessario considerare lo sviluppo di un approccio duale, che consista sia nel 
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rendere il settore ICT stesso più sostenibile, ma allo stesso tempo utilizzi il settore ICT 

per lo sviluppo ed implementazione di pratiche sostenibili che migliorino la catena di 

valore degli elettronici e la rendano più circolare, piuttosto che lineare.  

 

Nel primo capitolo viene esplorato il problema crescente dei RAEE, con 

particolare attenzione al concetto di economia circolare per gli apparecchi elettrici ed 

elettronici, che consiste nella creazione di metodi a ciclo chiuso per preservare materiali 

preziosi provenienti da RAEE e lo sviluppo e la creazione di elettronici duraturi e i cui 

materiali risultino facilmente riciclabili. Viene successivamente esplorato il panorama 

legislativo internazionale in materia, con particolare attenzione alla Convenzione di 

Basilea e alla Convenzione di Stoccolma, due pilastri portanti della legislazione in 

ambito RAEE. Uno dei maggiori problemi in questo ambito è il traffico illegale di 

RAEE, importati soprattutto in paesi in via di sviluppo, dove le normative in materia 

sono meno rigorose. Questo business è dominato dal settore informale, nel quale 

vengono utilizzati metodi di gestione non adeguati. In questo contesto, emerge 

l’importanza della convenzione di Basilea, un trattato internazionale che mira alla 

regolamentazione del movimento transfrontaliero di rifiuti, al fine di prevenire il loro 

smaltimento non ambientalmente adeguato. Questa convenzione svolge un ruolo 

importante in ambito RAEE, in quanto impone obblighi a paesi importatori ed 

esportatori al fine di garantire una gestione adeguata, attraverso restrizioni e controlli 

sul trasferimento di questi rifiuti. La Convenzione di Stoccolma, pur non trattando 

specificatamente di RAEE, è un accordo internazionale che mira a proteggere la salute 

umana e ambientale attraverso la riduzione ed eliminazione dei Prodotti Chimici 

Persistenti Organici (POP), spesso contenuti nei RAEE. Tuttavia, nonostante gli sforzi 

internazionali, la gestione sicura e responsabile dei rifiuti elettronici rimane una sfida 

complessa a livello globale. Il traffico illegale di rifiuti elettronici rimane un problema 

persistente, specialmente in Africa, America Centrale e del Sud, ed Asia.  

Nell’ambito dei RAEE, è fondamentale il principio di responsabilità estesa del 

produttore (ERP), la quale mira a rendere i produttori responsabili dei loro prodotti 

relativamente all’interno ciclo vitale di questi, compresa la raccolta, il recupero e lo 

smaltimento finale.  
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Nel secondo capitolo, viene analizzata la gestione dei rifiuti elettronici in Asia 

orientale, più precisamente in Giappone, Corea del Sud, China, Taiwan e Hong Kong. 

Questa regione presenta una situazione eterogenea nella gestione dei RAEE. Infatti, 

mentre in alcuni paesi, come il Giappone, la Corea del Sud e il Taiwan, vi è un quadro 

legale solido e infrastrutture efficaci, altri paesi come la Cina e Hong Kong, sono ancora 

in fase di transizione e dipendono principalmente dal settore informale per la gestione 

dei RAEE.  

Il Giappone si trova ad un livello avanzato per quanto riguarda la gestione di 

RAEE. Attraverso una legislazione severa e un sistema avanzato di raccolta e 

riciclaggio, il paese si impegna a sostenere la responsabilità dei produttori e 

l’educazione dei consumatori, con il fine di garantire una gestione sostenibile dei rifiuti 

elettronici. 

La Corea del Sud, allo stesso modo, si trova ad un livello particolarmente 

avanzato nella gestione di rifiuti elettronici. Attraverso un’approvazione graduale di 

leggi e politiche sulla responsabilità estesa del produttore e sul riciclaggio dei RAEE, il 

paese ha raggiunto un sistema di raccolta ben strutturato che investe in nuovi metodi di 

riciclaggio.  

Il Taiwan, allo stesso modo, presenta una gestione di RAEE all’avanguardia. 

Attraverso leggi rigorose che coinvolgono i produttori nel processo di gestione dei 

RAEE, ed attraverso una robusta infrastruttura per la raccolta e il riciclaggio, questo 

paese si posiziona tra i paesi con meccanismo avanzato.  

Sebbene la Cina costituisca il più grande produttore di rifiuti elettronici al 

mondo, la gestione di RAEE del paese è ancora in fase di transizione, con un settore 

informale predominante. Con l’introduzione di leggi, politiche e iniziative la Cina mira 

a una gestione più formale, oltre che ad un’educazione dei consumatori per un uso 

responsabile dei dispositivi elettronici.  

La regione amministrativa speciale di Hong Kong della Repubblica Popolare 

Cinese, invece, è caratterizzata da un’iniziativa di tipo volontario. Ciò significa che il 

settore privato è particolarmente coinvolto nella gestione dei RAEE. Attraverso un 

progresso costante nella sua legislazione e infrastruttura, questo paese sta progredendo 

rapidamente nella gestione dei rifiuti elettronici.  
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Nel capitolo terzo, viene approfondito il concetto di Green ICT o Informatica 

verde. Questo approccio mira a ridurre l’impatto ambientale delle tecnologie 

dell’informazione e comunicazione attraverso pratiche eco-friendly, come il design 

sostenibile, la produzione verde e lo smaltimento responsabile. Le tecnologie utilizzate 

in questo ambito includono l’intelligenza artificiale (AI), la Blockchain, l’Internet of 

Things (IoT), il Cloud Computing, Big Data Analytics, la Robotica, e la Tecnologia dei 

Sensori. Attraverso l’implementazione di queste tecnologie, l’impatto ambientale del 

settore ICT, sia per quanto riguarda le emissioni, sia per quanto riguarda i rifiuti 

elettronici, può essere migliorato notevolmente. Può infatti essere attuato un 

miglioramento delle fasi di prevenzione, raccolta e trattamento dei RAEE. Ad esempio, 

nella fase di prevenzione, soluzioni come l'IA e il Big Data possono aiutare a creare un 

design più sostenibile ed efficiente, riducendo gli sprechi e garantendo la trasparenza 

nella catena di approvvigionamento. I sensori e l'IoT possono migliorare i sistemi di 

raccolta dei rifiuti elettronici durante la fase di raccolta, consentendo una migliore 

tracciabilità e un'ottimizzazione dei tempi. L'AI e la robotica possono migliorare la 

separazione, lo smantellamento e il riciclaggio dei rifiuti elettronici durante la fase di 

trattamento, aumentando l'efficienza del processo. 

Nonostante queste potenzialità, esistono varie difficoltà associate all’uso di 

queste tecnologie per la gestione dei RAEE, come la protezione dei dati, la disparità di 

accesso digitale e l’effettiva fattibilità tecnica. Relativamente alla privacy, il discorso è 

molto complesso e riguarda la condivisione involontaria di dati particolari durante la 

recovery di RAEE. È stato infatti dimostrato che dati personali e particolari sono 

facilmente recuperabili dall’hardware e dai dispositivi di memorizzazione dismessi 

poiché essi, in molti casi, non vengono sottoposti alle corrette procedure di 

formattazione. Inoltre, la disparità di accesso digitale presente tra economie più e meno 

sviluppate risulta in una non corretta gestione dei RAEE, in quanto alcuni paesi non 

possiedono le risorse necessarie per garantirne la corretta gestione. Allo stesso modo, la 

fattibilità tecnica si ricollega alle infrastrutture e risorse necessarie per implementare 

con successo queste soluzioni digitali.  

Il Giappone, la Corea del Sud e il Taiwan sono paesi pionieri nell’adozione di 

pratiche di green ICT per affrontare le sfide ambientali. Hong Kong è in una zona di 
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mezzo per quanto riguarda lo sviluppo di queste pratiche, mentre la Cina, invece, è 

ancora in fase di transizione.  

Il capitolo quarto conclude questa analisi. Il rapido sviluppo delle tecnologie 

dell'informazione e della comunicazione e la gestione adeguata dei rifiuti sono sfide 

cruciali del nostro tempo. L'allineamento delle pratiche ICT verdi e della gestione dei 

RAEE con gli Obiettivi di Sviluppo Sostenibile (SDGs) dell'ONU può portare a un 

futuro più sostenibile, con benefici ambientali, culturali, sociali ed economici. Tuttavia, 

sono necessarie politiche e iniziative efficaci da parte dei governi e delle imprese per 

affrontare queste sfide e promuovere una transizione verso un'economia circolare. 
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