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Steve Jobs passionately embraced the thoughts of a famous hockey player in his business vision for Apple iPhones:

“I skate to where the puck is going to be, not where it has been”
Wayne Gretzky
---------------------------------------------------------------------------------------------------------------------
Apple deployed its iOS operating system installed on its popular Mac computers and an enhanced iOS mobile operating system to revolutionize the mobile phones industry by launching its first - generation Smartphone in 2007. Since then, Apple has annually released new iPhone models and iOS updates. As of November 2018, more than 2.2 billion iPhones had been sold. 
iPhone uses much more memory and processing power than the smartphones on the market and remarkably popularized the smartphone and slate form factor; with few to no physical buttons, instead relying upon a touchscreen and an onscreen virtual keyboard for input. Apple built on its strengths, primarily, its software development and the popular Graphic User Interface. Therein, took advantage of the competitor’s weak product design, small memory capacity, hardware  etc. that cannot handle tasks beyond communication and basic functions in the dominant mobile operating systems, Symbian, BlackBerry OS, and Windows Mobile; they never developed a thriving ecosystem like Apple's App Store or Android's Google Play. Accordingly, Apple fashioned a large market for smartphone apps, or "app economy". By January 2017, Apple's App Store offered more than 2.2 million applications for the iPhone. iPhone OS (renamed iOS in 2010) was designed with capabilities such as multitasking and graphics to meet future consumer demands. Apple's business model  was to calculatingly abridge its product line by offering just one model a year for all customers while making it an expensive, high-end product, (Wikipedia (2012). 
Steve Jobs proclaimed in 2007 that the iPhone was not just a communication tool but “a way of life”. In January 2021, Tim Cook, announced there are now more than 1 billion active iPhones, an enormous milestone for the company that speaks to the phones’ continued success and longevity.
These achievements were realized like many other business corporations whose  operations and bottom line thrived at the expense of unrestricted  extraction and exploitation of natural resources. Thus, a linear economy and its consequences manifest in the Climate crisis. This impact on environment and humans is being addressed by the UN, world leaders, business corporations, NGO and support agencies right now at the COP 26.  Sustainability really speaks to environmental professionals. At the core of that term is the desire to create a world that will sustain itself as well as the human species. However, sustainability is simply one piece of the ESG puzzle. 
This report examines the progressive sustainability initiatives on iPhones from a product lifecycle perspective to mitigating carbon emissions,  energy and materials efficiency and circularity within a Cradle -to - grave framework.
In the Lifecycle Assessment for smartphones (Suckling, J. & Lee, J., (2015) illustrate that Apple iPhones consistently show an increasing impact with each successive generation, indicating the rise in complexity of the phones and their GHG emissions. In the same vein, Fraunhofer and Apple study assumes respective much higher memory capacity, iPhone 5 – 64GB and iPhone 6+ 128 GB , is likely to cause most of the higher footprints in those studies. Yet, the models in 2020/21 offer internal memory capacity up to 1TB.


Fig. 1 Greenhouse gas emissions
of mobile phones across life cycle
phases: (a) extraction and
manufacture (E&M), (b) transport
(trans), (c) use and (d) end of life (EoL)
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Building  on the work of Dr Karl-Henrik Robèrt on sustainable development with The Natural Step, the 4 conditions of sustainability mean that Nature is not subject to systematically increasing concentration of substances extracted from the Earth’s crust, increasing substances produced by society, increasing degradation by physical means and to systematically undermine people’s capacity to meet their needs.
1. We extract large flows of materials from the earth's crust – Finite resources.
 	The Chain of custody for smartphones begin with the extraction of the earth’s finite metal and mineral resources. As an example, Apple considers that the same amount of gold and copper can be recovered from one metric ton of End-of-life iPhone modules as can be extracted from 150 metric tons of mined earth. An iPhone needs many mined materials and has prioritized 14 materials; Aluminum, Cobalt, Copper, Glass, Gold, Lithium, Paper, Plastics, Rare earth elements, Steel, Tantalum, Tin, Tungsten and Zinc, among many others, to  transition to recycled and renewable content.  These materials are not all equal in nature.
Carbon is another issue in its form of carbon dioxide and methane.  iPhone has a role in that because of the energy it takes to manufacture and then to use it. When the energy is produced via burning fossil fuels such as petroleum, coal or natural gas, it contributes to the systematic increase of the concentration of carbon in the atmosphere. The environmental report for the iPhone 11 claims that the final assembly is done with 100% renewable energy , using hydroelectricity, but  the energy to extract the materials and create the components before assembly is not considered.
China is the largest producer of Silicon and 65% of China’s energy comes from coal, the burning of which releases significant carbon into the atmosphere and contributes to climate change. There is also a lot of aluminum in the iPhone which, similarly to silicon, is not an issue from a concentration perspective but from the energy it takes to extract and process. All the mined materials in the iPhone have an energy cost to them. Carbon is also used to make all the plastic parts in the phone. 
Therefore, to minimize a systematic  contribution that increase concentrations of substances extracted from the Earth crust: materials would have to be kept in a technical loop, so they don’t build up in nature. materials would have to be produced with energy that does not involve the extraction and combustion of fossil fuels at any point in its life cycle.
Other than the extraction and manufacturing, the transportation of all  materials from  suppliers in 43 countries adds to the GHG  emissions. This is an important aspect of the climate crisis and has not been  accounted in the carbon mitigation goals by Apple.
2.  Accumulation of substances created by society – Pollution and toxic hazard.
During the extraction of minerals and, in particular, the rare earth elements used for screen and the magnets in the speaker, in many cases, it takes a lot of acid and other toxic chemicals to extract the materials from their environment and isolate just 1% or less. other 99% left is dumped into nature and by doing that over and over again, our iPhone contributes to a systematic increase in concentration of substances produced by society. We can avoid this by cleaning up and by doing it slowly enough so nature can regenerate and clean itself up and avoid the accumulation of man-made chemicals. We can also use rare earths elements that are already extracted, which Apple has started : the iPhone 11 environmental report mentions that it is made with 100% recycled rare earth elements in the Taptic Engine. Although this is only 25% of the rare earth used in the final product this is still progress toward a closed loop system.
Nature can take thousands of years to break down plastics so the plastic parts in the phone have to be 100% recycled to not accumulate in nature. When it comes to greenhouse gas emissions, the environmental report for the iPhone 11 claims that it creates 72kg of CO2 equivalent through its entire life cycle (79% for production, 3% for transport and 17% for use). Although it does not look like much, this would have to be zero or under to comply with aforesaid second condition for sustainability. This could be achieved by offsetting the emissions as long as the energy production still complies with the first condition; no fossil fuels. You can still achieve the 17% by using only hydro, wind or solar power to change it since, according to IPCC, these are the lowest carbon emission producing technologies.
3. Physically inhibit natures ability to run cycles – 
Carbon emissions and Climate crisis contribute to systematic degradation of nature by physical means. Recent studies performed in the D.R. of Congo have found high concentrations of cobalt in plants, water and soil. The high concentrations of metals and metalloids in this environment expose the local population to a higher dietary intake of contaminants. Moreover, human health investigations have revealed extremely high metal exposure levels close to this mining area  and related processing centers. A biomonitoring study has found that communities living close to mines or metal smelters having significantly higher urinary concentrations of arsenic, cadmium, cobalt, copper and lead compared to those living further away. These results show wide-ranging environmental pollution in the considered area including biodiversity. Waste tailings and leachates spread into lakes that hold several fish species that are an important part of the diet of the local population and supports an important commercial fishery.  This implies a relevant site for documenting the human exposure to metals as a result of a fish diet, (Cheynes, Nkulu, Ngombe et. al., (2014).

4. Conditions that systematically undermine people’s capacity to meet their needs – Inequity and Poor quality of life.

Water security - smart phone’s primary water footprint comes from the virtual water associated with their manufacturing – what’s known as the “grey water footprint.” Globally, the increase is due primarily to increasing virtual water use, as more people consume more water-intensive food, electricity and consumer goods, this increases pressure on water resources. Strained resources are a source of both concern and conflict in the arid parts of the world,  especially  in Congo where Apple sources its virgin raw materials.
Apple supply chain is spread across approximately 43 countries and the final product is contract manufactured in China. As the value chain transcends internationally, their water footprint follows them in the form of virtual water embedded in the product. Virtual water flows help us see how the water resources in one country are used to support consumption in another country.”, (Water Footprint Network, (2019). However, Apple’s environmental report of 2021 has omitted any such reference to this topic. 
In addition, manufacturing components create wastewater that is released into surrounding waterways. Those waterways often have pollution limits that manufacturers must meet before they can send their wastewater into the waterway. The fresh water used to clean and dilute the wastewater adds up to the grey water footprint, and in the case of the smart phone, makes up the largest portion of its total water footprint. When the water required for all the steps to make a smart phone is added up, the water footprint of the production of a single phone is an estimated 3,190 gallons. Reduced fresh ground water supplies could add to water insecurity associated with Apple’s extraction and manufacturing.
The infamous conflict minerals 
Tin, Tungsten, Tantalum and Gold identified as 3TG.  The mining and trade of these has helped to finance armed groups in the Republic Democratic of Congo and adjoining countries. Apple assured, (Conflict Minerals Report, (2021) that of all 243 smelters and refiners of 3TG determined to be in Apple’s supply chain as of December 31, 2020, Apple found no reasonable basis for concluding that any such smelter or refiner sourced 3TG that directly or indirectly financed or benefited armed groups from the DRC or an adjoining country. Of these 243 smelters and refiners, 24 are known to be directly sourcing from the DRC or an adjoining country, of which 100 percent participated in, or continued to participate in, a Third Party Audit as of December 31, 2020 involving a review of the traceability of the smelter’s or refiner’s 3TG as well as a validation of its due diligence systems and country of origin information.
American companies now have to submit their Conflict Minerals Report to the Securities Exchange Commission. It is believed that deployment of “Daisy”, the disassembling robot to recover and recycle 3TG is an initiative to minimize human rights allegations, grievances and human well - being  of communities involving the rare conflict elements.
Since the major operational sites of the supply chain and manufacturing are located in developing countries, the Health and Safety and working conditions in those locations cannot be expected to match those in the developed countries. Regulatory barriers and economic policies in these countries deviate from paying a standard living income to forced labour. Apple periodically conducts a third - party audit of suppliers, smelters and refiners, but Apple does not have any authority to determine wages and emoluments , if any, offered to workers in its outsourced upstream supply value chain.   
Conclusion
TrendForce, research, forecasts that the annual total iPhone smartphone production for 2021 will grow by around 12.3% YoY to 223 million units. Apple claims to have  become carbon neutral for their  worldwide operations and are committed to becoming carbon neutral by 2030 for its entire footprint—from its supply chain to the use of  products made. Evidently, some products now use more recycled materials than ever. However, the absence and non-consideration of GHG emissions from Transportation of materials embedded in a complex supply chain and colocation facilities challenges the integrity of  measuring and reporting total Global Warming Potential (GWP) of these products and due action for mitigation, adaptation and innovation.
Apple aims to reducing  emissions by 75 percent compared to 2015, and then investing in carbon removal solutions for the remaining emissions; low carbon design, energy efficiency, renewable electricity, direct emissions abatement etc. Conversely, the Assurance certificate 2021, reflects a restrictive disclosure in the Scope 3 emissions; however arbitrary, an imperative due to the nature of Apple products and its Chain of custody for virgin materials. Suppliers only supply, they don’t use these materials. Therefore, it is recommended that further analysis is undertaken encompassing a globally integrated set of data in a consistent manner to determine the GHG impact on the environment and society addressing the “dual materiality” requirements for sustainability. Perhaps, streamline the total supply chain, increase material recovery (E&M) and intensely use recycled material (EoL) and innovate the products to normalized circularity standards.





Reference List
Apple Conflict Minerals Report, 2021;
https://www.apple.com/supplier-responsibility/pdf/Apple-Conflict-Minerals-Report.pdf

Apple Inc; Norm – Based Research Company Report, 2019.
https://www.issgovernance.com/file/products/Sample-NBR-Profile.pdf

Apple is linked to forced labor in China, again.
https://danwatchdk.translate.goog/2021/01/14/?_x_tr_sl=da&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=nui,sc

Cheynes, Nkulu, Ngombe et. al., (2014), Pathways of human exposure to cobalt in Katanga, a mining area of the D.R. Congo.
https://www.sciencedirect.com/science/article/abs/pii/S004896971400672X?via%3Dihub

Completing the picture, how the circular economy tackles climate change, 2021.
https://ellenmacarthurfoundation.org/completing-the-picture

Costello, S., (2019) How Many iPhones Have Been Sold Worldwide?
https://www.lifewire.com/how-many-iphones-have-been-sold-1999500

Environmental Progress Report.
https://www.apple.com/environment/pdf/Apple_Environmental_Progress_Report_2021.pdf

Four reasons why our Environment can't take so many Apple iPhones | Sustainability Analysis.
https://www.youtube.com/watch?v=1OjlzJ8v9CA&ab_channel=SustainabilityIllustrated

Gelling, N., (2021), Sustainable phones.
https://www.consumer.org.nz/articles/sustainable-phones

Gravitas Plus: Will Apple be the Next Nokia?
https://www.youtube.com/watch?v=wlZTmG3gR_o&ab_channel=WION

iPhone 11 owners head the list of those upgrading to iPhone 13.
https://9to5mac.com/2021/09/14/upgrading-to-the-iphone-13/

iPhone Production for 2021 Projected to Reach 223 Million Units Due to Increased Vaccinations and Impending Easing of Lockdowns in the US/Europe, Says TrendForce.
https://www.trendforce.com/presscenter/news/20210621-10834.html

Material Impact Profiles; Which materials to prioritize for a 100 percent recycled and renewable supply chain 2019.
https://www.apple.com/environment/pdf/Apple_Material_Impact_Profiles_April2019.pdf

Suckling, J. & Lee, J., (2015), Redefining scope: the true environmental impact of smartphones?.
https://link.springer.com/article/10.1007/s11367-015-0909-4

Tackling the Climate Crisis: Can Business Lead the Way?.
https://knowledge.wharton.upenn.edu/article/tackling-climate-crisis-can-business-lead-way/

The Natural Step, “The Four System Conditions of a Sustainable Society”.
https://thenaturalstep.org/approach/the-system-conditions/

The Young company, (2021) What does it mean to Think Different?
https://youngcompany.com/what-does-it-mean-to-think-different/

Unaffected by Seasonal Headwinds, Global Smartphone Production Declines by Mere 6% in 1Q21, as Total Yearly Production Likely to Reach 1.36 Billion Units, Says TrendForce.
https://www.trendforce.com/presscenter/news/20210309-10696.html

Unsustainable Design: Apple's Perpetuation of "Throw-Away" Culture.
https://www.youtube.com/watch?v=cGvijW0lmzo&ab_channel=iFixit

What is a water footprint?
https://www.watercalculator.org/footprint/what-is-a-water-footprint/
2 | Page

image3.emf

image1.png




image2.png




