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REDUCING ELECTRONIC AND ENVIRONMENTAL WASTE THROUGH COMMERCIALLY SUSTAINABLE MOBILE DEVICES
Abstract 
The mobile device industry is growing at a rapid pace, which is only seen to be increasing in recent years. Mobile devices have become a part of society and everyday life, but little regard is paid to the environmental impact that the production, usage and disposal of these devices are producing. The research presents statistics that current initiatives for developing more sustainable practices and processes in the industry only influence the overall carbon footprint in a limited fashion, which necessitates the introduction of new models and methods. The main hypothesis of the research paper is whether two new initiatives, the Fairphone initiative and the Phonebloks initiative, can be implemented in a commercially successful way and drastically reduce the environmental impact of the industry. The initiatives are examined by their environmental impact on the production and transportation phases, as well as customer usage and disposal phases. By presenting and projecting greenhouse gas emissions and electronic waste throughout the life-cycle of the analyzed devices, it can be concluded that the methods discussed in this paper could have a great impact at reducing the carbon footprint, if implemented by leading companies in the industry. The research paper also presents several barriers for success which could prevent the implementation of these initiatives and have to be addressed to achieve the best possible results.
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1. Introduction
Within the last few years, mobile devices started emerging as the most popular gadgets, regardless of the age group, social group or other demographic characteristics of the individual. During the last century, we have witnessed several key innovations and revolutionary products, but rarely have technical innovations incorporated into everyday usage as fast as personal mobile devices. The first mobile phone call using the Global System for Mobile Communications (GSM) took place in 1991 in Finland (Feshke and Fettweis, 2011), and 23 years later there are approximately 4 billion GSM users. At the time of research, the total number of mobile subscriptions in the world in 2012 has passed 3,5 billion, almost half the population of the planet (GSMA, 2012). Comparing mobile with fixed network communications, there are only approximately 758 million fixed-line subscribers worldwide (ITU, 2014). In comparison with Internet technologies, in 2014, the number of Internet users is 2,9 billion
, meaning mobile communications have exhibited the highest growth regarding new IT technologies.
The surge in popularity is poised to grow, as more and more new generations will continue to buy new mobile devices. The three top-tier companies that are leading the industry in sales are Samsung, Nokia and Apple, in respective order from one to third place. The annual reports of these three companies show that each successive year more devices are being shipped and sold compared to the previous year (for example, Samsung sold 444 million units in 2013, compared to 384 million in 2012) which proves the global expansion of mobile devices (Times of India, 2014). In some cases, companies are overwhelmed with the demand, leading to production shortages and the need for fast expansion. With demand and production growing each year, little regard is paid to the environmental impact produced by the industry. Even though companies such as Apple and Samsung are executing programs and activities related to the subject of sustainability, the core problem is that the industry assesses and reacts to environmental impact in a limited fashion, beginning and concluding with the production process, as well as a simple life-cycle assessment of the product.
The main question and hypothesis of this research paper is whether key phases (the production and transportation processes, as well as the usage and disposal by the end-consumer) can evolve sufficiently for newer, sustainable mobile devices to be created and more importantly, become commercially successful, thus bringing profit to the company, as well as substantial improvements to the environmental impact of the industry as a whole. The study aims to present valuable insights into LCA (life-cycle assessment) of environmental impact, carbon footprint modeling, as well as analyze the current and future initiatives for sustainable mobile devices.
All the data presented in this research paper is collected from June 2014 through August 2014. 
2. Assessing the environmental impact of mobile devices
Environmental waste caused by IT technologies represents one of the fastest growing types of waste in the world. According to Gartner, IT now causes approximately two percent of the global CO2 emissions and the carbon footprint of this industry exceeded that of the world aviation industry in 2007 (1,5%), increasing the difference each successive year (Swaine, 2009). Another report from Ericsson, The Global Footprint of Mobile Communications, estimates that the carbon footprint of all information and communication technology will almost double between the years 2007 and 2020. Leading this charge is the footprint of mobile communications, which is estimated to be tripled in the same period, growing at a rate 50% faster than other IT-related industries, rising from about 86 to 235 Mto CO2e
, suggesting a steeper increase than predicted in other well-known studies, such as the SMART2020 report. In this case, the carbon footprint of mobile communications will represent more than one third of the present annual emissions of the entire United Kingdom (GSMA, 2013).
Ericsson acknowledges that the calculation and life-cycle assessment models used in the study are based on up-to-date data, which result in an increase of CO2 emissions by a factor of three until 2020. However, because of the fact that the calculations are based on expected improvements following the current trend, there is a possibility that in case only minor efficiency improvement (lower than predicted) of production, usage and disposal phases are achieved in future years, the carbon footprint produced by mobile devices could even increase more than threefold.
2.1 Methods and measures for calculating mobile devices carbon emissions and e-waste
EPA (2009) defines e-waste as “electrical and electronic equipment that is dependent on electric currents or electromagnetic fields in order to function (including all components, subassemblies and consumables which are part of the original equipment at the time of discarding), which will or already has entered the waste stream with the purpose of recycling, reuse or disposal”. In case of electronic devices, the impact on the environment cannot be simplified only on the product itself, because it is also created when consumers use the device – meaning throughout its entire life-cycle. Companies in the industry generally utilize two models for calculating the environmental impact of mobile devices:

1. Carbon footprint - A measure of the total amount of carbon dioxide (CO2) and methane (CH4) emissions of a defined population, system or activity (Wright et al., 2001), considering all relevant sources, sinks and storage within the spatial and temporal boundary of the population, system or activity of interest. Calculated as carbon dioxide equivalent (CO2e) using the relevant 100-year global warming potential (GWP100). 
2. LCA or Life-cycle assessment – EPA (2006) defines LCA as a “technique to assess the environmental aspects and potential impacts associated with a product, process, or service, by:

a. Compiling an inventory of relevant energy and material inputs and environmental releases

b. Evaluating the potential environmental impacts associated with identified inputs and releases

c. Interpreting the results to help you make a more informed decision”
The major stages in an LCA study are raw material acquisition, materials manufacture, production, use/reuse/maintenance, and waste management. The system boundaries, assumptions, and conventions to be addressed in each stage are presented. As a whole, this method entails several difficulties for companies to execute it on a normal basis, with the largest concern being providing trade secrets and other relevant information to the competitors.
2.2 Current impact of mobile devices on the environment

[image: image1.emf]0

20

40

60

80

Production Use (2

years)

Transport Disposal Total

50

10

3

2

65

kg co2

-

EQ

Carbon footprint of a generic 

smartphone

Production Use (2 years) Transport Disposal Total

As elaborated in the previous section, when accounting the impact of mobile devices on the environment, assessment is made on several key phases: the production process, the usage process and the waste disposal process. Unlike other industries or products, which incur higher waste during production and disposal, mobile devices tend to produce significant waste and emission in the usage process as well. For example, making phone-calls an hour each day is calculated to be approximately 1 ton of CO2e per year (Berners, 2010). This means that calculations for the environmental impact of a single mobile device over a defined time period is highly influenced from the level of usage and will vary from consumer to consumer.

Graph 2.1 – Carbon footprint of a generic smartphone, source: https://www.fairphone.com/2013/08/01/whats-in-a-life-cycle-assessment/, accessed on 25th of July, 2014, page 1
Graph 2.1 presents the typical smartphone emissions during a two-year usage period. The data is based on an average score and specifies that production of the smartphone takes up the largest portion in emissions and environmental impact, with 50kg CO2e. The actual usage of the phone is accountable for 10kg CO2e, while the disposal and transport processes produce approximately 5kg CO2e, which results in a total of 65kg CO2e produced by the average smartphone user in a two-year life-span. The numbers indicate that production accounts for more than three quarters of the total carbon footprint with 77%. Most of the industry leaders use this model, which is analyzed more thoroughly in Apple’s environmental report for its flagship model, the iPhone 5s (graph 3.2).
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Graph 2.2 – Greenhouse gas emissions for iPhone 5s, source: iPhone 5s, Environmental report, 2013, Apple
The results presented in Apple environmental report for iPhone 5s are in line with the average carbon footprint of a generic smartphone shown in graph 2.2. In the case of iPhone 5s, the production phase participates with 83% of the total carbon footprint, which is higher than the average 77%. Furthermore, despite Apple’s claims that the company is reducing the carbon footprint on all of their devices, iPhone 5s accounts for 75kg CO2e, which is higher than the average 65kg CO2e of an average smartphone.
This leads to a separate problem regarding the improvement of sustainability of the production of mobile devices. Between 2008 and 2012, Apple introduced renewables and sustainable practices, announcing that the company managed to decrease the CO2 emissions per dollar revenue from its manufacturing facilities by a respectable 21,5 percent. However, viewed in a larger marketing concept, Apple sold approximately 48% more units in 2012 and for a higher price than 2008, which indicates that the company overall absolute greenhouse emissions are estimated to have increase by 34% in 2012 alone (Sofroniou D., 2013). 
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Picture 2.1 – Greenpeace ranking of electronic companies, 2012
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The ranking table of electronic companies regarding sustainable practices places the top three selling companies in the mobile industry on third (Nokia), sixth (Apple) and seventh (Samsung) place. Even though they rank high on the list, Nokia scores only 5,4 out of 10, Apple scores 4,5 out of 10 and Samsung scores 4,2 out of 10. 
Picture 2.2 – Apple carbon footprint for 2013. Source: http://www.apple.com/environment/climate-change/ (accessed on 23rd of July, 2014)
Analyzing the carbon footprint of Apple for 2013 in picture 3.2, production and manufacturing processes participate with staggering 69%, far surpassing product usage and manufacturing costs. This is a clear indicator that despite improvements in product materials and manufacturing processes, companies only achieve minimal impact on the carbon footprint and overall environmental impact of mobile devices. In case of Apple, although more sustainable practices and materials are introduced, the carbon footprint of the company is increased in each successive year.

Based on the presented facts and projected trends, a conclusion can be drawn that current initiatives undertaken by leading companies in the mobile device industry can only have limited influence on the overall environmental impact. Therefore, the next section examines two new initiatives (Fairphone and Phonebloks) which could have a significantly larger impact over the sustainability aspect in the production, usage and disposal phases of the life-cycle of a mobile device.
3. Analyzing key initiatives for developing sustainable mobile devices
Current global smartphone manufacturers implement sustainable practices and initiatives, however, as indicated in the previous section of this research paper, they have minimal impact on the bottom line of carbon footprint of the mobile devices industry. As elaborated before, there are three key areas in which environmental impact occurs during the life-cycle of a mobile device:

1. Production

2. Usage and;

3. Disposal 
Combining life-cycle and carbon footprint statistics in the previous section, it is demonstrated that the highest environmental impact occurs in the production phase, which is a fixed number per unit, while the impact for the usage and disposal processes are variable, and based on the individual consumer. A simple relation can be made that if the consumer uses the mobile devices for a longer time period, the impact on the environment will be lowered, primarily because of the amortization of the fixed impact of manufacturing a device. Recent numbers indicate that consumers tend to change their phones every 15 to 18 months (Reilly D., 2014) with newer devices. Furthermore, only 3% of consumers sell their old handset and 23% give it away, which leaves more than half (57%) consumers [image: image5.emf]Production
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that don’t recycle or dispose of their old mobile devices in any way. 
Graph 3.1 – End life of previous smartphone, source: Guvendik M., (2013), Next step in Life Cycle Assessment: Inventory Analysis

In the next two sections, two initiatives, Fairphone and Phonebloks, are examined and evaluated based on their environmental impact on identified key phases (production, usage and disposal phase).
3.1 The Fairphone initiative

Fairphone is presented as a mobile phone initiative that encapsulates not only environmental, but also social and health aspects in the industry. Fairphone’s mission is defined as “developing a smartphone that is designed and produced with minimal harm to people and planet, while the vision is to deliver technology that matters”
. The main goal of the company is to develop a mobile device in a transparent and socially responsible way, raising the bar for the industry and giving consumers a choice for fairer electronic. Presales of the first and current model began in mid-2013 and the first batch contained 25,000 units which were successfully sold. At the time of research, the second batch is in the process of being sold, with 35,000 smartphones made available to the public. The company aims to use conflict-free materials, reuse part of the revenue for recycling e-waste, extend the life-cycle of the devices and reduce various environmental impacts through a four-point structure:
1. Design for Longevity

2. Design for Service

3. Design for re-use in manufacture

4. Design for material recovery
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The environmental impact of the initiative is examined in the two sub-sections below.

Picture 3.1 - First version of Fairphone, source: https://www.fairphone.com/2013/03/19/designing-in-circles/

3.1.1 Fairphone’s estimated environmental impact on the production and transportation phases
The impact of Fairphone on the average production and transportation processes of a smartphone is focused on reducing the greenhouse gas emission through two key methods. The first method of reducing greenhouse gas emission during production is that, Fairphone, unlike other smartphones, is delivered without an accompanied charger and headphones. Acknowledging the fact that consumers replace their devices every 15 to 18 months, Fairphone predicts that the typical user already owns the necessary charging cable and headphones from previous smartphones. This is achieved by implementing a standard MicroUSB port for charging on the phone, as well as 3,5mm standard input for headphones. By utilizing this method, 1.6474kg of CO2e per charger and 0.725kg CO2e per headphones are saved. For the first batch of units, the total savings are calculated to be approximately 42.6 tons of CO2e (Szilagyi, 2013). For the second batch of units, the estimations are that approximately 72,846 tons of CO2e will be saved.
The second method implemented by Fairphone for reducing greenhouse gas emission during the entire production process is using rail freight shipping instead of the air cargo shipping, which has been the industry standard. By utilizing this practice, greenhouse gas emissions can be reduced for as much as 26 times – for shipment of the first batch of Fairphones, rail freight greenhouse gas emissions were estimated to be 3,6 tons of CO2e, while air cargo greenhouse emission are estimated to have been 95,4 tons of CO2e. 

These two methods enabled the company to lower the greenhouse gas emission during production for a total of 134,4 tons of CO2e. None of the methods are currently used by the three industry leaders, Samsung, Apple and Nokia, in their production and transportation processes. Putting the numbers in perspective, Apple sold 150 million iPhones in 2013 (Wesserman, 2013) and by implementing these sustainable methods of production and transportation, the savings in greenhouse gas emission would have been approximately 13,3 million tons of CO2e.
3.1.2 Fairphone’s estimated environmental impact on the consumer usage and disposal phases
The Fairphone initiative aims to implement several improvements regarding the environmental impact of disposal phase.  Most prominently, the company is reserving 3 euros per sold unit to fund e-waste recycling programs in Ghana, in collaboration with Dutch non-profit organization Closing the Loop
. Regarding the first batch of 25,000 sold units, Fairphone managed to recycle 75,000 phones with the collected revenue. In terms of a global manufacturer such as Apple, this would lead to 450 million recycled phones for the 150 million iPhones sold in 2013. Additionally, the packaging of the phone is made of 100% recyclable materials, compared to 70-80% which is the industry average. The company also claims to use less toxic materials and “easy to open and recycle” designs, but fails to offer specific information and statistics about the initiatives. 
In terms of reducing the environmental impact during the consumer usage phase, Fairphone aims to extend to life-cycle of their smartphone beyond the typical 15-18 month usage, however the first model is based on aging hardware
 and except the open-source software platform, all the hardware components are manufactured by third parties and at the time of research, are considered below industry standards for performance. 
3.2 The Phonebloks initiative

Phonebloks represents an initiative for a modular smartphone which is created and designed by Dave Hakkens. Unlike Fairphone, which is a commercially available phone, Phonebloks is a concept phone with the primary focus on the reduction of electronic waste. Although Phonebloks does not represent the first attempt at a modular design in a phone, it is the most notable because of the support and attention it gathered. The initiative has more than 960,000 supporters and a social reach over 380 million users
, as well as partnership with Motorola and Google. The concept is based on attaching individual third-party components (called bloks) to the main board, which would ultimately enable the consumer to create a personalized smartphone. 
The sustainability aspect is present when the consumers need to replace or upgrade a blok, enabling them to focus on individual components instead of replacing the smartphone every 15 to 18 months. The initiative suggests that by using bloks instead of a complete product, the life-cycle of a single unit can be increased indefinitely, leading consumers to change only parts (bloks) every few [image: image7.png]0.6M o racines
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months, instead of buying a new smartphone.
Picture 3.2 – Phonebloks concept, source: http://phoneblocks.com/gallery/

Bloks would be made available and sold on an open platform, called the Blokstore, which would enable users not only to buy new blocks, but also to sell their old ones. The implications of the environmental impact on the production, consumer usage and disposal phases are analyzed in the next two subsections.

3.2.1 Phonebloks estimated environmental impact on the production and transportation phases
Unlike the Fairphone initiative, the focus of Phonebloks is towards improving the environmental impact of the consumer usage and disposal phases. The initiative is expecting to gather third-party companies, subsidiaries and consumers to produce, transport and ship bloks, which makes it difficult to determine the carbon footprint of each individual manufacturer. Furthermore, by encouraging users to create their own bloks, the initiative does not take into account establishing environmental standards which have to be fulfilled before selling them on the mentioned Blokstore. This could translate in unmonitored and scattered production phases, which would not utilize economies of scale and there is a possibility that the carbon footprint of producing a single Phonebloks unit will be larger than of a generic smartphone. The established process has higher resource requirements during production, which results in increased e-waste disposal and greater environmental impact than existing methods of production used by the analyzed companies. Because Phonebloks, at the moment of research, represent a concept, it isn’t possible to calculate specific percentages of increased e-waste during the production phase. Regarding transportation, Phonebloks also doesn’t delegate mandatory methods of shipment, meaning the choice is left to the companies and individuals that manufacture and sell the bloks. This type of transportation process would lead higher than average carbon footprint for shipment of units, because companies and individuals would not use economies of scale during transportation (sending multiple units at once), instead relying on single-unit shipments.

3.2.2 Phonebloks estimated environmental impact on the consumer usage and disposal phases
As mentioned before, the main focus of the initiative is turned towards reducing (and in the best-case scenario) eliminating the environmental impact of the consumer usage and disposal phases. Phonebloks sets to eliminate planned obsolescence, which represents “a business strategy in which the obsolescence (the process of becoming obsolete – meaning you are no longer able to use the product) of a product is planned and built into it from its conception and design phases” (The Economist, 2009). The purpose of planned obsolescence is to motivate consumers to buy a new smartphone sooner than needed by building phones that break and are difficult to repair. The question posed by planned obsolescence is what motivates the consumer to change or upgrade their phone?

First, there are basic economic reasons. The consumers have the ability to buy a new phone whenever they want, while from the aspect of producing companies, they generate more turnover and profit as they sell more phones. Second, there are psychological reasons, meaning that consumers want to follow certain trends and desire the best hardware possible. Finally, there are practical reasons such as breaking the phone, the need for certain features (waterproof case, dual-sim capability) which necessitate a newer and different device.

The Phonebloks initiative aims to eliminate planned obsolescence through modular design. During consumer usage, modules (bloks) that break can be easily replaced by other bloks, without the need to open the phone or, ultimately, buy a new phone. Additionally, when the consumer feels the need to upgrade his phone, he can focus on upgrading only certain elements, such as the camera or processor, without the need to buy an entirely new phone. This translates directly into the disposal phase, which is where the Phonebloks concept achieves the greatest impact.
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Graph 3.2 Types of disposal of an old phone, source: http://blog.phonebloks.com/post/89651166898/what-happens-with-our-broken-phones-by-klara
As shown in graph 3.2, there are 5 types of disposal that consumers can utilize regarding their old phones. The least preferred is direct disposal without any concern about recycling, followed by recovery from a dump site for recycling, giving the phone up for a recycling program, reusing components of the phone for manufacturing purposes (or straight refurbishment of the phone) and most preferred is prevention of disposal through continued usage of the devices. Statistics show that approximately 150 million mobile devices were disposed in 2013 (Friman K., 2014), of which a high 90% ended up in a landfill instead of being recycled. Taking planned obsolescence into account, this would encompass another 150 million phones being produced, because consumers wouldn’t dispose their old phone without buying a new one, leading to higher environmental impact in the production process.
Specific numbers are difficult to estimate, because they depend on the carbon footprint of the bloks that are being produced, as well as the frequency of the purchase of new bloks. With the implementation of a simple model that assumes an average consumer would purchase two to three new bloks every 15-18 months instead of a new iPhone, this decreases the carbon footprint of the production phase for up to 70%, or from 62,25kg CO2e for the production of a single unit of iPhone 5s to 18,67kg CO2e for the production of modular bloks for the equivalent upgrade.

4. Possible barriers for commercial implementation and success
The previous section was focused on the estimation on the real-world impact of two key initiatives for sustainable mobile devices, Fairphone and Phonebloks. However, the numbers indicated in the research are made using calculations and simple models based on information, predictions and trends presented by companies behind the initiatives. During the analysis of the marketing and technological aspects of the initiatives, several key barriers were identified and are presented below:
1. Economic feasibility –The leading companies in the mobile industry heavily depend on standardized models of mobile devices, as it enables them to achieve economies of scale and lower the production and transportation costs. By implementing modular design, partner companies would have a problem predicting initial demand of bloks, which would increase the risk and costs for producing units. The barrier can be overcame if a single OEM
 would be designated for producing all the components of the modular phone. This is already being accomplished with the partnership of Phonebloks and Project Ara
, an initiative developed by Google.
2. Incorporating the whole supply chain in the initiative – Both the Fairphone and Phonebloks initiatives face the same problem when searching for supply-chain partners, which is the difficulty to encourage them to have the same level of transparency and environmental responsibility as the parent company. Fairphone partnered with MediaTek for the processor on their mobile device, a company which also partners with industry leaders such as HTC and LG. Although the parent company, Fairphone, discloses all information regarding environmental impact to the public, the same doesn’t hold for MediaTek or any other partner in their supply-chain.
3. Technological feasibility – Another barrier which both affects Fairphone and Phonebloks on several levels. In the case of Fairphone, the company aims to extend the life-cycle of the product, but is implementing aging hardware which is unwanted by consumers. In case of Phonebloks, the modular design raises several issues, most notably the performance of the devices and interoperability issues when different modules by different manufacturers are installed together. At the time of research, these barriers weren’t being address by either initiative.
4. Cultural issues –The planned obsolescence model is able to function because consumers always thrive to have the latest and best hardware regardless of price or environmental implications. Both Fairphone and Phonebloks initiatives indicate that consumers have to sacrifice certain aspects of performance and design to be able to create a more sustainable mobile device. Judging by the initial sales of Fairphone, the average consumer still isn’t ready to embrace environmental responsibility as long as it means to sacrifice other aspects of the user experience. At the time of research, approximately 19,000 of the planned 35,000 units of the second batch of Fairphone were sold
. The number indicates that despite the initial success of selling out the first batch of units of Fairphone (25,000 units), the consumer interest is still at an insufficient level for the device to become globally successful and have a larger impact on sustainability of the industry.
5. Risk of creating more electronic waste – One of the main ideas behind the Phonebloks concept is to eliminate planned obsolescence by enabling the consumer to change the bloks if they are broken or need an upgrade. However, combined with human error, a modular phone has more components that are loose and a greater possibility to be broken. The initial concept of giving the consumer access to the bloks increases the percentage of human error, as consumers can bend the connections or install the bloks incorrectly. Because each hardware component of Phonebloks is larger than the identical component in a typical smartphone, there is a possibility of creating more electronic waste instead of reducing it. The risk is increased because at the time of research, there were no certifications or established practices for responsible disposal and recycling of obsolete bloks.
5. Conclusion
The problem faced in this research paper is whether the mobile device industry can continue to function through more sustainable and environmental friendly methods and processes. Analyzing current trends, the paper demonstrates that the practices employed by the leaders in the industry are deemed insufficient and electronic waste caused by the production and usage by mobile devices will triple in 6 years, by the beginning of the year 2020. The numbers indicated in the paper are a precursor that the current level of implementing sustainable practices only influences greenhouse gas emissions and electronic waste in a limited fashion.
Analyzing the life-cycle of a mobile device, the largest environmental impact occurs in the production phase, surpassing other phases by more than 70%. The two analyzed initiatives for sustainable mobile devices, Fairphone and Phonebloks, focus on reducing environmental impact in the production, usage and disposal phases, although, as analyzed, they have achieved mixed success. The initiatives offer new, more sustainable methods for producing mobile devices, as well as extending the consumer usage and eliminating planned obsolescence, but are plagued with several different issues and barriers for success. The research paper indicates that the current rate of improvement of the environmental impact of the mobile device industry is insufficient and there are different methods, some of which are already commercially viable, that leading companies in the industry can consider implementing in the future. 
This paper can be expanded with further research of other potential concepts or working models of sustainable mobile devices. Further research can also be done regarding mobile communications as a whole, including other hardware components and processes which could be improved through more sustainable methods of production, usage and disposal.
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� CO2e is the concentration of CO2 that would cause the same level of radiative forcing as a given type and concentration of greenhouse gas.


� http://www.fairphone.com/wp-content/uploads/2013/02/FairPhone-Company-Profile.pdf


� https://www.fairphone.com/projects/responsible-e-waste-recycling/


� https://www.fairphone.com/fairphone/


� https://phonebloks.com/en/about


� OEM – Original Equipment Manufacturer


� https://phonebloks.com/en/about


� http://shop.fairphone.com/
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