Effat University Repository

Reverse Logistics in the Technology Industry: A Case
Study on Apple’s Returns and Recycling Programs

ltem Type Capstone

Authors Samkari, Ghalia

Publisher Effat university

Download date 2026-07-11 23:23:21

Link to Item https://repository.effatuniversity.edu.sa/
handle/20.500.14131/2846



https://repository.effatuniversity.edu.sa/handle/20.500.14131/2846
https://repository.effatuniversity.edu.sa/handle/20.500.14131/2846

Effat College of Business

Céé
&

Side danla
EFFAT UNIVERSITY

Reverse Logistics in the Technology Industry: A Case Study
on Apple's Returns and Recycling Programs

By

Ghalia Atif Samkari
A Dissertation Submitted in Partial Fulfillment of the Requirements of the Degree
Bachelor in Operation & Supply Chain Management

Effat College of Business

Effat University

Assist. Dr. Hassan Balfagh

2025



@ JlaeW e LK
Effat College of Business

cation of Approva

We hereby grant the approval of this dissertation report. The student has compiled the dissertation
work as per the requirements of the University.

Supervisor’s Name: Ov- H‘\SA S B“l '{“ 9 ' h
Signature:

. Dr.S’aM\\A\(.(DS;"QM

sty




Jae M Ciic 1| Sos
Effat College of Business

Declaration of Authenticity

I Ghalia Atif Samkari, declare that all of the materials presented in this paper are my own work,
or fully and specifically acknowledged wherever adapted from other sources. I understand that if
at any time it is shown that I have significantly misrepresented material presented to Effat

College of Business at Effat University, any degree or credits awarded to me on the basis of that
material may be revoked.

Student’s Signature
-———ﬁ;—‘.

Department Chmer : bf . Q WHCDSM‘Q«LUJ

College of Business Dean Signature:

/\/



Effat College of Business

C'éé

Table of Contents
INETOAUCTION ...ttt ettt b ettt et et b et e s bt e st et eae et e sbeemeenteeaeenbens 6
1.1 Problem StAEIMENT ........cccveiuieiieieeie ettt e ste et et e ste et e te e st et e st eseesesseensassesseensasseensenseeneensesseeneas 7
1.2 Research Aim and ODJECHIVES ......cccvieriieriierieeiieiieieeieeseesieeseeesrreesbeetaessaesssesssessseesseesseesseesssesssennses 7
1.3 Research Questions and HYPOthESES .........cccviviiriiiiieiiiiecicsee ettt eseaessseensaes 8
1.4 Significance 0f the STUAY ......ccvevcviiiiiiieiececeee ettt e e s ee s e st e s b e e s e essaesseesssesnseensens 9
LAterature REVIEW ......oouieiiiiieieecteee ettt ettt sttt et e st e ae et bt e e ntesaeeneens 9
2.1 Reverse Logistics: Conceptual FOuNdations............coecviiviirieiiiiieiieeiesiee e ere e eve e sneseneseseesnes 9
2.2 Reverse Logistics, E-Waste, and the Technology SECtOr .........ccovvevveriieiiienieeneereeeie e 10
2.3 Information Technology and Customer Choice in Returns and Trade-In...........cccccoceviiiinniinence. 11
2.4 Perceived Risk and Uncertainty on the Second-hand Markets and Trade-in Markets. ...................... 12
2.5 Perception of the Brand, Trust, and Partaking in Sustainability Initiatives ...........ccccceeeveeereerreerneenne. 13
2.6 Apple’s Environmental and Reverse LogistiCs Strategy.........coverververviierieerieesieeseesresreereeseesseesens 14
2.6 Concept Framework and HYPOthESES .........c.eeviiiieiiiiiieiieiieiesee et ae e esve e ses 15
Research MethOOIOZY .......ccuicviiiieriieiiiesie ettt ettt te e bt eeteesaeestaeseseessaesseeseesseesssenssensns 16
3.1 Research Approach and DESIN..........c.ccviiriierieiieiiicrieie ettt e e ere e esreesraessaessaeesbeesseessaesens 16
3.2 Case Context and Unit Of ANALYSIS........cccveviierieiieiienrieiieriesieeseesressesseeseesseessaesssessnesssesssesssessens 17
3.3 DAt COILECHIOMN. ......eeueeteeeieie ettt ettt ettt et et e et et e bt e e e et e st eneeeseemeesteeseenseeseemeenseeneensesseensensesneens 17
3.4 DAt ANALYSIS 1.euvveireieriirierieteesiteeteeteeteeteesteesteestsessseasseasseeseestessbeasbeasbeasbeeteetaeatbeasreasrearseensaenees 18
3.5 Ensuring Research Quality: Trustworthiness and EthicCs..........cccccvevvviiviiiiiiiiicniccieciececre e 18
3.6 Methodological LIMItations ...........ceeueeiiieriieniierierie ettt ettt ettt steeeeeteesteesteesseesnaesnbeebeeseenees 18
Findings and DISCUSSION. .......cccutiriieriiertienieeie ettt et e eteste et e bt e st esseesseessteenseenseeseesseesneesnsennns 19
4.1 Overview of Apple’s Reverse Logistics NetWOrK ........c.ecvveviiiiiiiiieiiciieieseesee e sne e 19
4.2 Return Management and Environmental Sustainability (H1)........c.cocoveevievieniiniiciecreeieeeeceeenes 20
4.3 Operational Challenges and Cost-Efficiency (H2) .......ccccovveviieiieiiieiieieeieeecee e 21
4.4 Consumer Awareness, Brand Trust and Trade In Participation (H3) ........cccocveviiiviiiiiiniciieciecns 22
4.5 Recycling Initiatives and Environmental Footprint (H4)..........c.cooiriiiiieiee e 23
4.6 Synthesis of Findings and Hypotheses Evaluation ............ccccooiiieiiniiiinieecceeeeeee e 24
Conclusion and RecoOMMmENAAtioNsS ............cecueriieierieiieere ettt 25
] 153 (S 11 TSRS 28




Effat College of Business

&

Table of Figures

Figure 1 Generic Reverse LOZIStICS FIOW .......ccveiuiiiiiiiiieietceee et 10
Figure 2 Generic Reverse LOZIStICS FIOW .........cccuoiiiiiiiiiiiieiiec ettt 14
Figure 3 Conceptual Framework for the StUAY ..........ccooieiieriiiieieeeeeee e 16
Figure 4 Apple’s Reverse LOZISHICS NCIWOTK..........cc.uecuveeuieciesiiesieseescieesseesteessaesssesssesssessseessessseesssssssessens 20
Figure 5 Apple total GHG ©MISSIONS .......ceeevieriiiriieriiesienieetteieeieeseeseeseesesessseesseesseesseesssesssesssessseesseenses 21
Figure 6 Apple carbon fOOtprint 2024 .........c.eeviieriierierienie et eie ettt e see st e sresbeesbe e saesseessaesssesssessseesseeses 22
Figure 7 Awareness, Brand Trust and Trade In Participation..............cccoeeevierieieneniesieeseee e 23
Figure 8 Shares of recycled mMaterials..........ccoecieriieiiiiiiieiee ettt e e e 24
Figure 9: Daisy Robot Used in Apple’s Advanced Recycling and Material Recovery Process.................. 25




Effat College of Business

Introduction

The technological world has developed exponentially in the last 20 years due to the ongoing
innovations, decreasing product life cycles, and increasing consumer demand for smartphones,
laptops, tablets, and wearable gadgets. Although this growth has created a lot of economic value,
it has created a rapid rate of generating electronic waste (e-waste), which is today known to be one
of the fastest-growing waste levels globally. According to Global E-Waste Monitor 2024, the rate
at which e-waste is being generated is growing at least 5 times higher than the official recycling
capacity and is set to grow to around 82 million tonnes by 2030 (Bald¢ et al., 2024). In this man-
made disequilibrium between consumption, disposal, and accountable recovery, there are grave
environmental and social dangers, such as the contamination of soil and water, greenhouse gas
emissions, and informal recycling, unsafe and unhygienic procedures in third-world countries.
Policymakers, civil society, and consumers are exerting increasing pressure on companies to make
their products responsible, except at the point of sale. In this scenario, reverse logistics has emerged
as one of the most important aspects of sustainable supply chain management. Reverse logistics is
all the mechanisms involved in the movement of products and materials throughout the post-
consumption (back to the manufacturer or other upstream participant), involved in activities:
returns, repair, refurbishment, remanufacturing, recycling, or safe disposal (NetSuite, 2025;
ClaimLane, 2025). (NetSuite) In comparison to traditional forward logistics, which is concerned
about delivering products to customers at the most effective level, reverse logistics has to deal with
the uncertainty in volumes, variability of product conditions, and the complicated decision process
of value recovery, and hence, it is more difficult to plan and optimise. Electronic items are
especially the focus in the case of reverse logistics, as the technology sector includes not only
hazardous components but also valuable elements of aluminium, copper, cobalt, lithium, and rare
earth elements. Recycling and effective take-back will allow decreasing the reliance on the
extraction of a virgin resource, reduce the greenhouse gas emissions in the lifecycle, and help move
to a circular economy. Simultaneously, badly handled e-waste may cause the release of toxic
substances, contribute to climate change, and support unsafe informal recycling and dumping
methods.. Apple Inc. occupies a prominent position within this landscape. As one of the world’s
largest technology companies, Apple sells hundreds of millions of devices each year and is
therefore responsible for a substantial environmental footprint across its value chain. In 2020,
Apple announced its Apple 2030 strategy, committing to achieve carbon neutrality across its entire
value chain by 2030, with an ambitious target to reduce emissions by 75% relative to a 2015
baseline before relying on carbon removal for the residual 25% (Apple, 2020; Apple, 2023).
(Apple) Recent company disclosures indicate that Apple has already reduced its global greenhouse
gas emissions by more than 60% since 2015 while expanding its user base, and that it aims for a
90% reduction by 2050 (Apple, 2025a; Green Earth, 2024). This transition revolves around reverse
logistics and product take-back. In its programs like Apple Trade In and the global recycling
programmes, Apple receives used gadgets and either sends them through refurbishment and resale
processes or through advanced disassembly and material recovery, and utilises recovered materials
in new products. Recently, per the environmental reporting by Apple, 24% of all materials
involved in its products in 2024 were supplied through recycled or renewable sources, and some
of the parts, such as the magnets and the batteries, incorporated up to 99% of recycled rare earth
elements and cobalt (Apple, 2024, 2025a). These trends allude to the fact that reverse logistics,
most of which can be applied to not just environmental stewardship but also the provision of
important raw materials, as well as brand differentiation on the basis of sustainability. Large-scale
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use of reverse logistics is operationally difficult. The returned products are too varied in terms of
age, condition, configuration, and residual value. The quantity of returns is hard to predict, as well
as their time, and collection and processing demand a lot of infrastructure, organization of work
with logistics partners, and the investment in technologies (diagnostics, robotic disassembly, etc.).
When a global business like Apple has to design and manage an effective low-carbon and low-
cost reverse logistics network, it is thus a complicated task. It is against this background that this
research paper will be dedicated to Apple's reverse logistics system and, more specifically, its
returns, trade-in, and recycling programmes as a key tool in dealing with e-waste and towards the
environmental goals of the company.

1.1 Problem Statement

The high spread of electronic devices has tremendously enhanced the quantity of e-waste, and
formal systems of collection and recycling are unable to cope with it. The Global E-Waste Monitor
2024 singles out the expanding difference between the volumes produced and those collected and
recycled, with much of the overall discard of electronics continuing to find its way to landfills,
informal recycling processes, or unregistered channels (Bald¢ et al., 2024). This fact prevails even
in light of increasing environmental concerns and the potential economic worth of end-of-life
equipment. Large technology companies are facing more and more questioning on their
approaches to handling this dilemma. Apple has made itself a leader in corporate sustainability
and has announced its carbon-neutrality roadmap, recycled material goals, breakdown of devices
in device disassembly, and material recovery. The launch of carbon-neutral branded goods, the
introduction of increased trade-in programmes or trade-in and high proportions of recycled
materials in major components depict the aspiration of the company in having circularity within
its business model (Apple, 2023; Apple, 2025a). Meanwhile, the controversy of labelling as carbon
neutral and legal issues in certain countries imply that stakeholders grow more and more insistent
on clear evidence that this kind of initiative actually diminishes the range of environmental impact,
not constituting a greenwashing activity. Existing academic literature provides a broad
understanding of reverse logistics concepts, drivers, and barriers across industries, as well as
generic insights into e-waste management and circular economy practices in the electronics sector
(e.g., Forti et al., 2024; Association for Supply Chain Management, 2023). However, there remains
a notable gap regarding company-specific, in-depth analyses of how leading firms operationalise
reverse logistics strategies and how these strategies contribute to measurable environmental
outcomes. In particular, there is limited case-based research that systematically examines Apple’s
reverse logistics system, its integration with environmental goals, and the concrete operational
challenges it faces. Many studies on consumer behaviour in circular and second-hand markets
focus on perceived risk, trust, and pricing, but they often treat these issues in relation to
independent resale platforms or informal markets rather than integrated corporate trade-in
schemes. This leaves open important questions about how brand reputation, digital trade-in
platforms, and consumer awareness shape participation in corporate reverse logistics programmes
such as Apple Trade In.

1.2 Research Aim and Objectives

The overall aim of this research is:
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To evaluate the effectiveness of Apple’s reverse logistics strategy in supporting environmental
sustainability and to identify key operational challenges in its returns and recycling programmes.

To achieve this aim, the study is guided by the following specific objectives:

1. To examine the structure and processes of Apple’s reverse logistics system for returns,
trade-in, and recycling.

2. To assess how Apple’s return management and recycling initiatives contribute to its
environmental sustainability objectives, including emissions reduction and increased
recycled material use.

3. To identify the main operational and cost-related challenges associated with Apple’s
reverse logistics activities.

4. To explore the role of consumer awareness and brand trust in influencing participation in
Apple’s Trade In programme.

These objectives are aligned with global policy discussions on e-waste and circular economy, as
well as with Apple’s own stated environmental goals (Apple, 2024; Apple, 2025a).

1.3 Research Questions and Hypotheses

Based on the research aim and objectives, four core research questions (RQs) are formulated:

e RQI1: How does Apple’s return management process contribute to its environmental
sustainability objectives?

o RQ2: In what ways do operational challenges affect the cost-efficiency of Apple’s reverse
logistics operations?

e RQ3: How does consumer awareness influence participation in Apple’s Trade In
programme?

e RQ4: To what extent do Apple’s recycling initiatives contribute to reducing its
environmental footprint?

Correspondingly, the study develops the following hypotheses to guide the analysis:

e HI1: Apple’s return management process positively contributes to its environmental
sustainability objectives.

o H2: Operational challenges negatively affect the cost-efficiency of Apple’s reverse
logistics operations.

e H3: Consumer awareness has a positive impact on participation in Apple’s Trade In
programme.

o H4: Apple’s recycling initiatives contribute significantly to reducing its environmental
footprint.

Although the study adopts a qualitative case study design rather than quantitative hypothesis
testing, the hypotheses provide a structured lens through which documentary evidence is
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interpreted. In particular, they support the analysis of links between reverse logistics processes,
environmental performance indicators such as greenhouse gas emissions and recycled content, and
behavioral aspects related to consumer participation.

1.4 Significance of the Study

The research is relevant to the body of existing research on reverse logistics and sustainable supply
chain management by presenting a case study based on the study that is company-specific and
detailed study in the technology industry. A lot of the available literature talks about reverse
logistics on a theoretical or cross-competitive level; less literature provides country-level analysis
of how a multinational technology company structures and executes reverse logistics systems that
are directly connected to environmental performance indicators. The dissertation provides an
empirical clarification to circular economy practice discussions by highlighting the returns and
recycling programmes of Apple in particular, with reference to high-profile corporate strategies
on sustainability (Forti et al., 2024; Baldé¢ et al., 2024). The results may guide the decision-makers
in Apple, as well as other similar technology companies, on the weaknesses and strengths of the
existing reverse logistics strategies. The identification of bottlenecks and cost drivers in operations
can be used to prevent firms from making collection networks, the refurbishment process, and
recycling operations less efficient. What can also help to involve more effective communication
and incentive strategies may be insights regarding the impact of consumer awareness and brand
trust on trade-in participation. Policymaking-wise, the study provides support on the contribution
made by corporate reverse logistics programmes towards assisting the world in minimizing e-
waste and greenhouse gas emissions. Policies of extended producer responsibility and the circular
economy are more encouraged by international organisations and regulators, but need strong
examples of how major companies can implement them. This dissertation can guide the policy
debate on best practice by evaluating the advancement and constraints of Apple, and based on this
evaluation, make suggestions regarding and expectations on what corporations should and can
provide in achieving climate and resource-efficiency objectives. Since the researcher is a logistics
and sustainability student, the project presents a possibility to utilize and put the theoretical
information concerning reverse logistics, supply chain management, and consumer behaviour to a
current and very visible case. This improves the knowledge of the practical difficulties of changing
linear to circular business models in the technology industry.

Literature Review

2.1 Reverse Logistics: Conceptual Foundations

Reverse logistics has emerged as a key field within logistics and supply chain management,
particularly as firms seek to reduce environmental impacts and recover value from returned or end-
of-life products. Early influential work by Rogers and Tibben-Lembke defined reverse logistics as
“the process of planning, implementing, and controlling the efficient, cost-effective flow of raw
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materials, in-process inventory, finished goods, and related information from the point of
consumption to the point of origin for the purpose of recapturing value or proper disposal” (Rogers
& Tibben-Lembke, 1999). Subsequent literature emphasises that reverse logistics comprises a set
of activities including product returns, collection, inspection and sorting, refurbishing,
remanufacturing, recycling, and, where necessary, safe disposal (Rubio & Jiménez-Parra, 2016;
Reddy, 2011). Unlike forward logistics, where flows are relatively predictable and standardised,
reverse logistics must deal with uncertain timing, quantity, and condition of returned products,
which complicates forecasting, capacity planning, and cost control. The strategic rationale for
reverse logistics spans several dimensions: value recovery from usable products or components,
regulatory compliance, improved customer service through flexible return policies, and enhanced
corporate reputation linked to environmental responsibility. A key development in the literature is
the link between reverse logistics and circular economy concepts. Instead of linear “take—make—
dispose” models, circular economy frameworks seek to maintain products, components, and
materials at their highest utility and value for as long as possible through reuse, repair,
remanufacturing, and recycling (Srivastav et al., 2023). Reverse logistics offers the physical and
organisational infrastructure needed to close material loops and is therefore often depicted as a
core enabler of circular supply chains.

Reuse

Repair

Refurbish Recovered

.’ materials/
components
back to
Recycle manufacturing

Collection

Customer (store/online/mail) Remanufacture

Disposal

Figure 2.1 - Generic Reverse Logistics Flow

Figure 1 Generic Reverse Logistics Flow

2.2 Reverse Logistics, E-Waste, and the Technology Sector

The technological industry is the core of this discourse of reverse logistics due to a sudden surge
in electronic waste. E-waste has been identified as the most rapidly growing waste stream in the

10
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world and is typified by both toxic substances and valuable elements (Quinto et al., 2025).
Research on e-waste in the ICT industry points to the increase in the number of devices, shorter
product life, and more frequent upgrades as contributors to the growth of waste generation and the
associated end-of-life issues (Vishwakarma, 2022).

Most of the e-waste continues to be either informally handled or exported to less environmentally
regulated places and thereby handled in a rudimentary and unsafe manner, despite the existence of
extended producer responsibility (EPR) policies in most countries (Morales-Urrutia, 2024; Yazdi
et al., 2024). This scenario underscores the need to formalize the company-imposed reverse
logistics programs, which can guarantee responsible collection and recycling, traceability, and
compliance with environmental requirements.

In the wider context of the circular economy, e-waste management is being captured in a paradigm
where it is not only seen as a waste issue but also a valuable source of raw materials that are used
as a source of critical materials. A review of e-waste in relation to a circular economy demonstrates
that it is likely to preserve the metals (gold, copper, aluminium, cobalt, and rare earth elements),
thus reducing the reliance on virgin ore and lessening the impact on the environment (Srivastav et
al., 2023; Vishwakarma, 2022). In the case of technology companies, the need to invest in the
infrastructure of reverse logistics and recycling constitutes a compliance measure as well as a
strategic answer to a risk on resources and the resilience of the supply chain.

Apple is at the centre of this scenery. Its product lines, i.e., iPhone, Mac, iPad, Apple Watch, and
accessories, are vastly dependent on materials that are both critically sourced, as well as energy-
intensive to manufacture, and procured in politically or socially sensitive areas. The capability of
Apple to develop and implement reverse logistics systems that recycle materials at the end of the
product life is thus very topical with respect to reducing the impact of e-waste, along with Apple's
own security of the materials long-term.

2.3 Information Technology and Customer Choice in Returns and Trade-In.

Online platforms have also revolutionised consumer buying and after-purchase behaviour by
providing transparency, information, and convenience. In Internet shopping, platforms are offering
a growing combination of buy-in and return functionality in the buying experience. Purchasers
may obtain immediate price quotes on older goods and flawlessly arrange collection or in-store
drop-oftf (Yu, 2024; Dong et al., 2023).

Under the trade-in program, consumers will have the option of buying products directly or trading
in the existing products for a discount or cash rebate. Online trade-in system games demonstrate
that trade-in offers can trigger new demand, can renew products, and assist in recycling, in
particular, when platforms offer prices, rebates, and effort to service (Yu, 2024; Yu and co-authors,
2024). Trade-in programmes also provide an organised avenue of reverse logistics, where the
products are returned through organised reverse logistics channels instead of a piece resale market.

11
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Through the digital interface, transaction costs that come with the evaluation of the value of used
products become lower. Experiments on online platforms indicate that real-time information and
end-user-friendly interfaces have the potential to help consumers make more informed and
confident choices, and reduce psychological barriers to making complex financial/consumption
decisions (Behl, 2024). In the case of Apple, it offers an online Trade In based on instant valuation
based on the model and condition of the devices, thus bringing the customers back to returning the
device instead of leaving it at home or selling it on informal platforms.

Simultaneously, the literature supports the idea that the design of the platform and the institutional
characteristics, including felt security, the user experience, terms of transparency, and perceived
equity of valuations, have a strong impact on adoption and satisfaction (Hippolito et al., 2025; Ma
et al., 2025). When it comes to the context of reverse logistics, it implies that customer trust in the
quality of the digital interface and perceived dependability of the company that runs the platform
is the key determinant of whether individuals will attempt to utilize corporate trade-in
programmes.

2.4 Perceived Risk and Uncertainty on the Second-hand Markets and Trade-in
Markets.

Perceived risk is one of the primary concepts of consumer behaviour and is especially relevant to
second-hand markets and the online space. The electronic marketplace and cross-border e-
commerce studies demonstrate that consumers are concerned about product quality and
performance, security, and risk of fraud that may decrease their readiness to trade unless there is
an adequate set of trust-building mechanisms (Boas, 2019; Ma et al., 2025; Vilas Boas, 2019).

Perceived risk has different forms in trade programmes. Consumers will lack confidence in
whether the valuation offered would be fair, whether all their data will be safely deleted from their
devices, or whether the process would be smooth and reliable. The studies of the topic of return
policies and perceived risk during the process of online shopping have shown that a broad, clear,
and friendly return policy and reputable platforms will alleviate the perceived risk and improve
customer satisfaction (Hippolito et al., 2025).

In the eyes of the firm, the risk would lie in the uncertainty in the condition and the residual value
of the returned products. Reverse logistics operators usually have to deal with inconsistency in
cosmetic and functional state, missing accessories, and differences between the stated and actual
device state. This uncertainty influences the economics of refurbishment and resale and can raise
recovery value and processing costs under uncertainty at the expense of the incentive offered to
consumers (trade-in price) (Yu, 2024; Dong et al., 2023). The uncertainty in the analytical model
of decision making in trade-in can raise trade-in costs, but the recovery value and processing costs
(Rubio and Jiménez-Parra, 2016).

In the case of Apple, the relativity of the Trade In programme, as well as the strength of diagnostics

and grading processes, are also regarded as important. The reputed brand can help reduce the
concern of the consumers about the safety of their data and equity, yet it has to proceed with

12
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advanced tests and refurbishment processes to handle the risk itself and guarantee the product
quality of the refurbished goods.

2.5 Perception of the Brand, Trust, and Partaking in Sustainability Initiatives.

The perception of the brand and consumer trust is a paramount issue that has been extensively
examined as a predictor of online purchase behaviour, satisfaction, and loyalty. It is a common
definition of trust as the intention to become vulnerable to a company in lieu of perceived risk
reduction and intention-to-buy, intention-to-share, and intention-to-use more elaborate digital
services (Hippolito et al., 2025; Ma et al., 2025). An empirical research in e-commerce has shown
repeatedly that trust enhances the intention to become vulnerable to a company in exchange for
the reduction of perception risk and intention to buy, to share information, and to make use of
advanced

An increasing body of literature has been able to associate brand trust and perceived environmental
responsibility with consumer involvement in sustainability actions, e.g., recycling programmes,
refill programmes, or carbon-offset products. Whenever consumers have the impression that a
company actively pursues environmental objectives and openly discloses its achievements, they
tend to perform more pro-environmental behaviour, such as returning waste products, investing in
products that are eco-labeled, or shifting their behaviour due to minor inconveniences in favour of
the environment (Srivastav et al., 2023; Yazdi et al., 2024).

Apple is generally a brand that has been linked to quality, innovation, as well as a design aesthetic.
According to recent reporting on environmental progress, the company has reported a greater than
60% decrease in greenhouse gas emissions since 2015, in addition to being able to grow, which is
in part due to investment in renewable energy sources, product design, and working with suppliers
(Apple, 2025; ESG Dive, 2025; The Verge, 2025). These accomplishments, and conspicuous
actions like carbon-neutral product collections and marketing pushes on climate and material
recyclability, probably further reinforce the consumer belief that Apple is a plausible player in
sustainability.

Meanwhile, the beginning of criticism and judicial examination of the so-called carbon-neutral
assertions proves that a brand's trust is weak and depends on perceived transparency and integrity
(Quinto et al., 2025). In case of reverse logistics, it means that the convenience and the financial
incentive affect solely Apple, as it needs to attract consumers into its Trade In and recycling
programmes, as well as to rely on the eternal confidence in the environmental story and data
offered by the company.

13
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Figure 2 Generic Reverse Logistics Flow

2.6 Apple’s Environmental and Reverse Logistics Strategy

Apple’s environmental strategy is articulated primarily through its Apple 2030 commitment to
achieve carbon neutrality across its entire value chain by 2030. The company positions circularity
and material recovery as core to this strategy. According to recent Environmental Progress
Reports, Apple has already cut its global emissions by over 60% compared to 2015 levels and aims
for a 75% reduction by 2030 and 90% by 2050 (Apple, 2024, 2025; ESG Dive, 2025).

Reverse logistics underpins key aspects of this ambition. Apple has progressively increased the
share of recycled and renewable materials in its products. By 2024, 24% of materials shipped in
Apple products came from recycled or renewable sources, with the company prioritising 15 key
materials—such as aluminium, cobalt, copper, glass, gold, lithium, paper, plastics, rare earth
elements, steel, tantalum, tin, titanium, tungsten and zinc—that together represent around 87% of
product mass (Apple, 2024; CarbonCredits, 2025; Trellis, 2025). (Apple) Apple reports that more
than 75-80% of rare earth elements in its products now come from recycled sources, and it plans
to use 100% recycled cobalt in Apple-designed batteries and 100% recycled rare earth elements in
magnets by 2025 (Apple, 2023; Apple, 2025; The Verge, 2025).

14
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These material achievements depend on robust collection and recovery mechanisms at end-of-life.
Apple’s Trade In programme allows customers to return eligible devices in exchange for credit,
while non-eligible products can still be handed in for free recycling. Returned devices are
evaluated: those in good condition can be refurbished and resold as certified refurbished products,
while others are sent for disassembly and materials recovery. Apple has also invested in specialised
robotic systems, such as Daisy and its successors, to automate disassembly and improve material
recovery yields, particularly for complex components like batteries and magnets (Apple, 2024).

Beyond material circularity, Apple emphasises the integration of reverse logistics with
decarbonisation efforts—using renewable energy in disassembly and recycling facilities, working
with suppliers to reduce process emissions, and designing products for easier disassembly.
Collectively, these initiatives suggest that reverse logistics is tightly coupled with Apple’s
environmental strategy rather than being treated solely as a compliance or customer service
function.

2.6 Concept Framework and Hypotheses.

Drawing from the reviewed literature, this study develops a conceptual framework that links
Apple’s reverse logistics processes, operational challenges, consumer behaviour, and
environmental outcomes. The framework integrates four main constructs:

1. Return Management Quality — the effectiveness of Apple’s systems and processes for
collecting, inspecting, refurbishing, and managing returns and trade-in devices, rooted in
reverse logistics theory (Rogers & Tibben-Lembke, 1999; Rubio & Jiménez-Parra, 2016).

2. Operational Challenges and Cost-Efficiency — the logistical, technological, and financial
difficulties associated with handling uncertain return flows, product condition variability,
and complex disassembly processes (Reddy, 2011; Yu, 2024; Dong et al., 2023).

3. Consumer Awareness and Trust — the extent to which consumers are informed about and
confident in Apple’s Trade In and recycling programmes, influenced by digital platform
design, brand reputation, and perceived environmental commitment (Hipdlito et al., 2025;
Ma et al., 2025; Vilas Boas, 2019).

4. Environmental Performance — outcomes such as reduced greenhouse gas emissions,
increased recycled material content, and reduced e-waste leakage, as reported by Apple
and discussed in sustainability and e-waste literature (Apple, 2024, 2025; Vishwakarma,
2022; Srivastav et al., 2023).

The conceptual framework proposes that high-quality return management and effective recycling
initiatives positively influence environmental performance (H1 and H4). However, operational
challenges—including costs and complexity—are expected to exert a negative effect on cost-
efficiency and potentially constrain the scale of reverse logistics programmes (H2). Additionally,
consumer awareness and trust are expected to enhance participation in Trade In and recycling
programmes, thereby indirectly supporting environmental outcomes by increasing the volume and
quality of returns (H3).
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Figure 3 Conceptual Framework for the Study

By grounding the framework in established theories of reverse logistics, consumer behaviour, and
circular economy, the study positions Apple’s programmes within a broader academic context.
The subsequent chapters apply this framework to the case study evidence: Chapter Three explains
how data will be collected and analysed, while Chapter Four uses the framework to structure the
presentation and interpretation of findings in relation to the four hypotheses.

Research Methodology

3.1 Research Approach and Design

This study adopts a qualitative research approach and employs case study design, with Apple Inc.
selected as the focal case. A qualitative strategy is suitable because the research seeks to understand
how and why Apple implements reverse logistics for returns, trade-in, and recycling, rather than
testing numerical relationships or producing statistical generalisations. The purpose is to explore
processes, challenges, and perceived outcomes in depth through rich documentary evidence. Case
study research is particularly appropriate for investigating contemporary phenomena in real-life
contexts, especially where the boundaries between the phenomenon and its context are intertwined.
Apple’s reverse logistics activities are embedded within its broader environmental and supply
chain strategy, including its Apple 2030 roadmap, making isolation of reverse logistics from
organisational and policy factors unrealistic. The case study method, therefore, enables an
integrated analysis of reverse logistics structures, environmental objectives, and operational
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constraints. The research design is descriptive—explanatory in nature: descriptive because it
documents and characterises Apple’s reverse logistics network and environmental initiatives, and
explanatory because it clarifies how reverse logistics contributes to environmental outcomes and
what challenges affect cost-efficiency and consumer participation. Apple was chosen for three key
reasons: it is a globally influential technology firm with significant environmental impacts and
high visibility in sustainability debates; it has publicly committed to ambitious targets such as
achieving carbon neutrality across its value chain by 2030 and explicitly links trade-in and
recycling to those goals; and it provides extensive public documentation on environmental
performance and supply chain initiatives, making secondary-data case analysis feasible. The
temporal scope spans roughly 2015 to 2025, reflecting Apple’s use of 2015 as its emissions
baseline and the availability of relatively consistent reporting across this period.

3.2 Case Context and Unit of Analysis

The unit of analysis is Apple’s reverse logistics system for returned, traded-in, and end-of-life
products and its integration with the company’s sustainability strategy. This includes formal
collection channels such as Apple Trade In, in-store returns, and mail-in recycling, along with
inspection, grading, repair, refurbishment, resale, and recycling processes. It also incorporates the
reintegration of recovered materials into new products and the reporting of environmental
indicators such as greenhouse gas emissions and recycled material content. The analysis is situated
in the wider context of Apple’s Apple 2030 roadmap and supply chain transformation, where
Apple’s public progress reports frame reverse logistics, material circularity, and supplier
decarbonisation as interconnected pillars of a closed-loop sustainable supply chain.

3.3 Data Collection

The study relies exclusively on secondary data, consistent with the qualitative case study approach
and the availability of comprehensive public reporting by Apple and independent observers. Data
were collected from three main categories of sources. First, Apple’s official sustainability and
environmental documents were used, including Environmental Progress Reports from 2024 and
adjacent years, the People and Environment in Our Supply Chain progress reports, and product-
specific environmental reports that provide lifecycle assessments and material composition
information. Second, peer-reviewed academic literature on reverse logistics, e-waste management,
circular economy, trade-in systems, and consumer behaviour was gathered through databases such
as Google Scholar and Scopus, with methodological grounding informed by key studies on case
research, thematic analysis, and trustworthiness in qualitative inquiry. Third, independent industry
and media reports were included to triangulate Apple’s claims, provide critical reflection, and
contribute external evaluations of emissions reductions, recycled material shares, and trade-in
systems. Document selection followed three criteria: relevance to Apple’s environmental
performance, recycling, trade-in, or reverse logistics operations; credibility through prioritising
Apple reports, peer-reviewed scholarship, and established news or industry sources; and recency,
with emphasis on materials from approximately 2018 to 2025 unless earlier work was required for
foundational methodological or theoretical grounding. Searches used structured keyword
combinations aligned with the research questions, such as Apple Environmental Progress Report,
Apple Trade In reverse logistics, e-waste management in ICT, reverse logistics case study,
thematic analysis, and qualitative trustworthiness.
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3.4 Data Analysis

Data analysis combined qualitative thematic analysis with descriptive quantitative interpretation
of numerical indicators reported by Apple and external sources. Thematic analysis served as the
primary technique, following Braun and Clarke’s six-phase framework, beginning with repeated
familiarisation with Apple’s reports and related literature, followed by systematic coding of
relevant text segments. These codes captured issues such as collection channels, inspection and
grading, robotic disassembly, targets for recycled materials, uncertainty in returns, operational
costs, consumer participation, and environmental outcomes. Codes were then grouped into broader
themes aligned with the conceptual framework developed in Chapter Two, including return
management processes, operational complexity and cost-efficiency, consumer awareness and trust,
and environmental performance indicators. Themes were reviewed and refined to ensure internal
coherence and clear relevance to the study’s hypotheses, and the final thematic structure was
integrated into Chapter Four’s findings and discussion. Alongside this interpretive work, the study
applied descriptive quantitative analysis to key numerical trends, particularly Apple’s greenhouse
gas emissions trajectory since 2015, growth in the share of recycled and renewable materials in
products, and reported recycled content in strategic materials such as cobalt, rare earth elements,
aluminium, lithium, gold, and tungsten. These numeric patterns provided visual and empirical
support for the qualitative interpretations regarding sustainability progress and the role of reverse
logistics.

3.5 Ensuring Research Quality: Trustworthiness and Ethics

Because the research is qualitative and interpretive, its quality was evaluated using the
trustworthiness criteria of credibility, transferability, dependability, and confirmability. Credibility
was strengthened through triangulation across Apple documents, peer-reviewed scholarship, and
independent industry or media analysis, as well as careful, prolonged engagement with the
documentary evidence and explicit linkages between claims and supporting data. Dependability
was supported by documenting the research procedures used for document selection, coding, and
thematic development, maintaining an audit trail of search strategies and inclusion decisions, and
grounding the approach in established methodological guidance. Confirmability was promoted by
separating descriptive reporting from interpretive commentary, relying on direct citations and
numerical evidence for major claims, and openly reflecting on the limitations and potential bias
involved in using company-produced documents. Ethical considerations were minimal because all
data were publicly available and no human participants were involved; however, care was taken
to represent sources accurately, avoid selective misinterpretation, and fully acknowledge all
referenced materials. Since no confidential or personal data were used, the study fits minimal-risk
ethical categories, though institutional guidelines were followed.

3.6 Methodological Limitations

While the adopted methodology aligns well with the study’s objectives, several limitations must
be acknowledged. The reliance on secondary data, particularly Apple’s own reporting, introduces
the possibility of reporting bias, as Apple has a reputational incentive to present sustainability
initiatives positively; although this is partly mitigated through triangulation, some claims—such
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as the internal costs of reverse logistics—cannot be independently verified. The absence of primary
data, including interviews with Apple managers, supply chain partners, recyclers, or consumers,
restricts direct access to stakeholder perspectives and limits the ability to validate operational
dynamics beyond what documents describe. Finally, the predominantly qualitative nature of the
analysis means that hypotheses introduced earlier cannot be statistically tested; instead, they serve
as guiding propositions evaluated through interpretive synthesis supported by descriptive
quantitative trends. Despite these limitations, the methodology remains appropriate for producing
a rigorous and theoretically grounded case study of Apple’s reverse logistics system and its
environmental implications.

Findings and Discussion

4.1 Overview of Apple’s Reverse Logistics Network

Analysis of Apple’s environmental and supply chain reports, together with official Apple Trade In
and recycling resources, indicates that the company operates a multi-channel reverse logistics
system integrating trade-ins, returns, refurbishment, and end-of-life recycling. Customers can
return products through Apple Stores, online trade-in with mail-in returns, or free recycling drop-
off channels. Once received, devices are inspected and graded, with eligible products being
refurbished and channelled into certified resale or internal reuse, while older or damaged devices
are directed into material recovery streams. Apple supplements manual inspection with advanced
robotic disassembly, most notably the Daisy robot, capable of processing 29 iPhone models at a
throughput of 1.2 million devices per year. These systems focus on extracting valuable materials
such as rare earth magnets, tungsten, and batteries that manual processes cannot recover with the
same speed or purity. Apple’s reverse logistics network therefore functions as a tiered system
encompassing collection, diagnostics, refurbishment and component harvesting, and high-purity
recycling before reintegration of recovered materials into new products. This system mirrors the
generic reverse logistics frameworks outlined in Chapter Two but is adapted to Apple’s
technologically intensive emphasis on trade-in, refurbishment, and specialised recycling.
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Figure 4 Apple’s Reverse Logistics Network

4.2 Return Management and Environmental Sustainability (H1)

Apple’s return management processes make a clear contribution to its environmental sustainability
objectives. According to Apple’s 2024 Environmental Progress Report and independent
summaries, total greenhouse gas emissions have declined from approximately 38.4 million metric
tons of COze in 2015 to 15.3 million metric tons in 2024, a reduction of over 60%. Although
broader initiatives such as renewable electricity and supplier decarbonisation contribute to this
reduction, reverse logistics plays a key supporting role. The increase in recycled and renewable
material content—from 22% in 2023 to 24% in 2024—demonstrates the growing impact of
material circularity within Apple’s manufacturing systems. In 2024, recycled content accounted
for more than 80% of rare earth elements, 99% of tungsten, 71% of aluminium, 53% of lithium,
40% of gold, and 76% of cobalt in Apple products. Independent analyses estimate that recycled
materials contributed roughly 15% of Apple’s calculated “avoided emissions” in 2024. Since
Apple frames trade-in and recycling as direct components of achieving its Apple 2030 goals, the
evidence supports H1 by showing that return management and circular material flows have become
meaningful contributors to emissions reductions.
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4.3 Operational Challenges and Cost-Efficiency (H2)

Despite its environmental effectiveness, Apple’s reverse logistics system faces substantial
operational challenges that reduce cost-efficiency. The inherent unpredictability of return flows—
in terms of product age, configuration, and condition—requires extensive sorting capacity,
advanced diagnostics, and skilled labour, all of which increase costs. The deployment of advanced
robotics such as Daisy highlights both Apple’s innovation and its reliance on capital-intensive
technology, especially since these robots process only a fraction of total annual sales. Moreover,
product manufacturing remains the single largest contributor to Apple’s carbon footprint,
accounting for about 54% of total emissions in 2024. This underscores the scale of material
recovery required for circularity to meaningfully offset manufacturing impacts. Critics also argue
that Apple’s tightly controlled repair policies and limits on third-party refurbishment restrict
broader device lifespan extension, creating tension between environmental ambition and
ecosystem control. These factors collectively support H2 by showing that while Apple’s reverse
logistics system enhances sustainability, it does so within a framework characterised by high costs,
uncertain inputs, and structural constraints.
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4.4 Consumer Awareness, Brand Trust and Trade In Participation (H3)

Evidence suggests that consumer awareness and brand trust have a positive influence on
participation in Apple’s Trade In programme. Apple’s messaging stresses simplicity,
environmental benefit, and data security, reducing perceived risks that consumers often associate
with trade-ins or second-hand exchanges. Research reviewed in Chapter Two shows that trusted
brands with credible sustainability narratives tend to generate higher consumer engagement in
circular initiatives. Apple’s strong environmental messaging—highlighting emissions reductions,
ambitious 2030 goals, and advances in recycled content—reinforces the perception that
participating in Trade In contributes to meaningful environmental outcomes. Although Apple does
not publish detailed participation statistics, the combination of strong brand trust, streamlined
digital platforms, promotional incentives, and widespread access to authorised providers suggests
that consumer awareness positively affects engagement. Therefore, H3 is considered provisionally
supported on qualitative grounds.
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4.5 Recycling Initiatives and Environmental Footprint (H4)

Recycling and material circularity are central to Apple’s Apple 2030 climate goals, and the
evidence strongly suggests that these initiatives significantly reduce the company’s environmental
footprint. Apple has achieved over 60% emissions reductions since 2015 and aims for 75% by
2030. A major contributor to these reductions is the shift toward recycled inputs, which accounted
for 24% of total materials shipped in 2024. Recycled shares of key materials reached high levels,
including more than 80% recycled rare earth elements, nearly 100% recycled tungsten, 76%
recycled cobalt, and 71% recycled aluminium. Independent analysis shows that Apple’s use of
recycled materials contributed meaningfully to the 41 million metric tons of “avoided emissions”
claimed in 2024. Product-level reports, such as the iPhone 16, show that increased recycled content
can reduce lifecycle emissions by about 8% per device. Although recycling cannot fully
compensate for the environmental impacts of continued sales growth, the material evidence
supports H4 by demonstrating that Apple’s recycling initiatives substantially reduce resource
extraction, embodied carbon, and upstream manufacturing emissions.
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4.6 Synthesis of Findings and Hypotheses Evaluation

A synthesis of findings across the four hypotheses shows that Apple’s reverse logistics system is
environmentally influential yet operationally demanding. H1 is supported by significant evidence
that return management and increased recycled content contribute directly to emissions reductions
and the Apple 2030 objectives. H2 is supported by the identification of substantial operational
challenges—including uncertain return flows, high capital costs, and ecosystem-control
tensions—that reduce cost-efficiency. H3 is provisionally supported, since Apple’s strong brand
trust and environmental messaging likely encourage participation even though specific
participation data are unavailable. H4 is strongly supported by the substantial recycled material
shares and associated avoided emissions, demonstrating that recycling materially reduces Apple’s
environmental footprint. Taken together, the findings depict Apple’s reverse logistics as a
strategically embedded system that advances circularity and climate objectives while revealing the
complexities and trade-offs inherent in large-scale technological sustainability transitions.\
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Contribution of the Daisy Robot to Apple’s Reverse Logistics Performance

Apple’s deployment of the Daisy disassembly robot represents a significant technological
advancement within its reverse logistics and recycling infrastructure, enabling far greater material
recovery efficiency than traditional e-waste processing approaches. Daisy can process up to 200
iPhones per hour—equivalent to roughly 1.2 million devices annually—through a specialised
multi-stage workflow that includes automated device recognition, precision separation, and
cryogenic battery removal at —80°C, allowing adhesive-free extraction of lithium-ion batteries
without thermal risk. This high-precision process facilitates the targeted recovery of critical
materials such as cobalt, rare earth elements, tungsten, aluminium, copper, gold, and steel, which
are essential inputs for Apple’s next-generation devices. Daisy’s contributions directly support
Apple’s rapid expansion of recycled material use, which reached more than 80% recycled rare
earth elements, 99% recycled tungsten, 76% recycled cobalt, and 71% recycled aluminium in
2024—substantially reducing upstream mining demand and associated emissions. These material
gains align with Apple’s broader emissions reductions, including its more than 60% decrease in
greenhouse gas emissions relative to 2015 levels, as reported in the company’s environmental
progress documentation. Importantly, Daisy not only enhances material purity but also enables
reliable and scalable recovery pathways for high-impact components such as magnets and
batteries, reinforcing the role of advanced robotics in achieving circular-economy performance at
scale. This evidence demonstrates that Daisy is a strategically pivotal asset within Apple’s reverse
logistics network, strengthening both environmental outcomes and resource security while
supporting progress toward the Apple 2030 carbon-neutrality and closed-loop manufacturing
goals.

Figure 9: Daisy Robot Used in Apple’s Advanced Recycling and Material Recovery Process

Conclusion and Recommendations

This dissertation examined the efficiency of Apple’s reverse logistics strategy in supporting
environmental sustainability and explored the operational challenges within its returns and
recycling programmes. Using a qualitative case study of Apple between approximately 2015 and
2025, supported by Apple’s own environmental reporting, academic literature, and independent
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industry analyses, the research generated four major clusters of findings. First, substantial evidence
shows that Apple’s return management practices positively contribute to environmental
sustainability (H1). These practices are closely tied to the Apple 2030 strategy, which aims for
carbon neutrality across the company’s entire footprint and relies heavily on trade-in and recycling
systems that collect, refurbish, and recycle devices, allowing recovered materials to be used in new
products. By 2024, Apple had already increased its use of recycled and renewable materials to
24% of all materials shipped, demonstrating clear progress toward its climate goals. Second, the
research found that despite these gains, Apple faces significant operational and cost-related
challenges (H2). The unpredictability of returns, variation in product condition, and complexity of
sorting elevate inspection and processing costs, while capital-intensive technologies such as Daisy
robots and supplier collaborations highlight the scale of investment required. Manufacturing
remains responsible for 54% of Apple’s total carbon footprint, underscoring the magnitude of the
challenge that reverse logistics must help mitigate. Third, the study suggests that consumer
awareness and brand trust positively influence participation in the Apple Trade In programme
(H3). Although Apple does not disclose participation data, evidence from the literature indicates
that strong brand trust and credible sustainability communication reduce consumer risk perceptions
and encourage recycling and trade-in engagement. Given Apple’s highly recognised brand,
streamlined digital systems, and environmental messaging, the assumption that trust and awareness
increase participation appears justified. Fourth, the findings confirm that Apple’s recycling
initiatives meaningfully reduce environmental impacts (H4). By 2024, Apple had achieved high
recycled content in critical materials, including over 80% recycled rare earth elements, 99%
recycled tungsten, 76% recycled cobalt, and substantial shares of recycled aluminium, lithium, and
gold. These achievements contribute to avoided emissions and confirm that reverse logistics is not
merely an after-sales activity but a strategic pillar supporting Apple’s climate and resource
objectives.

Theoretically, this study enriches the literature on reverse logistics, circular economy, and
sustainable supply chain management in several important ways. It demonstrates how reverse
logistics operates in a high-technology, innovation-driven environment, showing that for
companies like Apple, it serves not only as a mechanism for value recovery but also as a source of
critical materials and an element of brand differentiation. It also connects reverse logistics to
measurable environmental outcomes, illustrating how documentary data can link recycling and
take-back practices with tangible indicators such as emissions reductions and recycled-material
shares. The study further integrates consumer behaviour into the reverse logistics framework,
emphasising the roles of trust, awareness, and perceived authenticity in facilitating circular
participation. Lastly, it exposes tensions between operational complexity and environmental
ambition, revealing the practical challenges—even for a highly capable firm—of balancing
product design, cost, logistics constraints, and sustainability commitments.

Practically, the findings offer several implications for Apple and the wider technology industry.
Apple could strengthen and diversify its collection channels by partnering more extensively with
carriers, retailers, and municipal recycling programmes, particularly in markets where informal e-
waste disposal dominates. Designing products for greater repairability and longevity would reduce
reverse-logistics complexity and improve product lifecycles. Balancing Apple's restrictive repair
policies with greater collaboration among certified third-party repairers could unlock additional
refurbishment value and prevent premature recycling. Improving transparency around take-back

26

*



Jee D Caic S| &
Effat College of Business

volumes, refurbishment rates, and geographic performance would build stakeholder trust and aid
industry benchmarking. Additionally, Apple could further use digital tools to personalise trade-in
offers and environmental impact feedback, reinforcing consumer engagement and strengthening
participation. For other technology firms, Apple’s experience illustrates that reverse logistics must
be treated as a strategic infrastructure linked to brand positioning, long-term climate planning, and
material security rather than an auxiliary post-consumer process.

From a policy and societal perspective, the findings highlight the importance of extended producer
responsibility frameworks, which Apple’s programmes partially reflect but which remain
inconsistent across companies. Policymakers could help by harmonising take-back requirements,
transparency rules, and design-for-reuse standards to ensure more equitable and effective e-waste
management. Strengthening the oversight of environmental marketing claims would reduce
greenwashing and support informed consumer choices. Wider public campaigns, co-developed
with industry, could improve understanding of e-waste issues, data security measures, and the
environmental benefits of formal recycling systems, with Apple’s reputation offering a valuable
platform for such outreach.

The study’s limitations create opportunities for future research. The findings offer depth but
limited generalisability, making comparative analyses across different technology manufacturers
a valuable avenue for further investigation. Reliance on secondary, company-produced data invites
potential bias, and future work incorporating interviews, surveys, or field studies would provide a
more holistic perspective. The research also used qualitative interpretations of hypotheses; future
work might apply quantitative methods to model relationships among trade-in participation,
recycling volumes, and emissions outcomes. Furthermore, emerging technologies such as Al—
which may increase device energy requirements and complicate sustainability goals—represent an
important area for future research, as do the social and ethical dimensions of circular material
flows, including labour conditions and distributional impacts of trade-in incentives.

In conclusion, this dissertation shows that Apple’s reverse logistics and recycling programmes
play a critical role in addressing e-waste and climate change. The company’s integrated system—
which includes trade-in channels, refurbishment practices, advanced material recovery, and
transparent environmental reporting—has substantially reduced the environmental footprint of its
operations and advanced progress toward the Apple 2030 climate goals. Yet the case also
demonstrates that reverse logistics is complex and resource-intensive, requiring attention to
uncertainty, investment needs, design trade-offs, and cost considerations. Consumer trust and
credible sustainability communication emerge as important enablers of participation, while
transparent reporting strengthens accountability and legitimacy. Ultimately, Apple’s experience
suggests that when reverse logistics is embedded into product design, supply chain strategy, and
brand positioning, it becomes a powerful tool for advancing circular economy principles and
climate objectives across the technology sector. The transition to low-carbon, circular electronics
will require continued innovation, cross-sector coordination, and sustained consumer engagement,
ensuring not only that products are environmentally responsible but that their reuse and recycling
are achieved at scale.
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