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[bookmark: _Toc213591937]1 Introduction and identification of the business problem
[bookmark: _Toc213591938]1.1 Background and significance
Businesses need IT hardware like PCs, software, servers, mobile phones, and networking gear.   Global digitalization and faster innovation cycles have generated early product replacement, rapid consumption, and lots of rubbish.   Electronic waste (Liu et al., 2022; Elgarahy et al., 2024) reached a record 62 million tons in 2022, according to the Global E waste Monitor (2024) ( Elgarahy et al., 2024).  This is 82% greater than in 2010 and growing by million tons each year.   Only 24% of this mass was properly collected and recovered, wasting US$62 billion in resources (Liu et al., 2022).
Unrecovered e-waste contains gold, copper, platinum, lithium, and rare earths.  Not retrieving these metals pollutes the environment and hinders resource extraction.
E waste accounts for 70% of hazardous waste but only 2% of municipal solid waste.   Mercury, lead, and brominated flame retardants pollute land and water and harm humans. (Eduljee and Harrison, 2020)   Informal recycling exposes workers and communities to harmful substances.  Over a million Indians recycle informally, causing health issues.   Bad e-waste management wastes future technology materials-waste barely meets 1% of rare earth element demand (Springer, 2022).
[bookmark: _Toc213591939]  1.2 Why IT hardware supply lines matter
  IT hardware supply chains are complex, global, and resource intensive.   Getting and processing technology metals uses GHG and a lot of energy (Mayanti, 2024). Industry uses a linear supply model “take, make, dispose."  Devices have short lifespans, proprietary parts, and are hard to repair or upgrade (Taddei, 2024).  Already, resource shortages are raising commodity costs.  Lithium price increases have disrupted supplies, and copper prices could reach US$9,750 per tonne (Amir et al., 2023).   Siemens/Reuters white paper: By 2050, the world will need three planets' natural resources if current consumption patterns continue (Hazen et al., 2021).  About half of the world's greenhouse gas emissions come from natural resource extraction and processing.   Thus, business as usual harms the environment and economy.
[bookmark: _Toc213591940]  1.3 Why and the issue
A circular economy designs out waste and reuses products and resources to isolate growth from resource use.  It is gaining popularity among business executives and policymakers.   Circularity in IT hardware supply chains includes making things endure longer, modular, and repairable; take back programs; refurbishment and remanufacturing; and closed loop recycling.   



Figure 1: Circular Economy (Source: Sustainable Global Resources Ltd. Recycling Council of Ontario, 2025)

Evidence suggests circular tactics work.   One million cell phones may be recycled to yield 16,000 kg of copper, 350 kg of silver, 34 kilograms of gold, and 15 kg of palladium, all worth millions of dollars.   In the EU, extending computer life by one year might save one million tonnes of CO2.   Global used EEE sales reached billions of dollars in 2024.  It's anticipated to reach billion USD by 2030, rising 2.1% annually (Sartzetaki et al., 2022).
  Despite these opportunities, refurbishing and reusing are underutilised.   Only 20% of global e-waste is official.   Hard-to-disassemble products, lack of repair knowledge, broken take-back infrastructure, regulatory incentives, data security concerns, and customer awareness make it difficult.   The Global E-waste Monitor 2024 predicts a 20% reduction in collection and recycling if nothing is done.   Companies must include recycling and repairing in their supply chains and pay workers for it to achieve circularity.
This study examines how IT hardware supply chains might leverage circular economy ideas like repairing and recycling devices.   Its missions are to uncover things that stop and help, examine the impacts on the economy and environment, and advise businesses and policymakers (Pellathy et al., 2020).

[bookmark: _Toc213591941]2 Research aim, objectives and questions
[bookmark: _Toc213591942] 2.1 Research aim and Objectives
This study examines how refurbishing and recycling IT hardware might incorporate circular economic ideals.  This will reduce electronic waste, improve resource use, and boost business profits.
   Research objectives
1. Examine current practices:   To examine IT equipment supply chain refurbishing and recycling to identify design, operational, and policy barriers to circularity.
  2. Assess environmental and economic impacts.  Repair and recycling solutions' environmental and economic benefits (reducing greenhouse gas emissions and preserving resources, saving money and making more money).
3. List the main success factors:   To examine how organisational skills, stakeholder engagement, legal frameworks, technological changes, and customer behaviour affect circular methods.
  4. Suggest: Companies and policymakers are advised on ways to enhance IT hardware supply chain refurbishment and recycling.
[bookmark: _Toc213591943]   2.2 Questions for research
  1. What causes and barriers prevent IT hardware supply lines from reusing and recycling devices? 
  2. How do circular business models like "product as a service," "remanufacturing," and "take back" affect supply chain, resource utilisation, and profitability?
  3. What norms, design approaches, and collaboration methods can improve refurbishing and recycling programs and scale?
[bookmark: _Toc213591944]3 Preliminary literature review
[bookmark: _Toc213591945]3.1 E-waste generation and consequences
E-waste output is rising rapidly.   For 2022, the Global E-waste Monitor 2024 found 62 million tonnes of electronic garbage.  Only a small percentage of the 82 million tonnes predicted by 2030 were recycled.   Despite making up only 2% of solid trash, e-waste accounts for 70% of hazardous waste.   Formal recycling accounts roughly 20% of global electronic waste.  By 2022, official recycling reached %, but it is still far behind.
E-waste contains useful materials.   Electronic waste metals were worth US$91 billion worldwide.   After recycling a million cell phones, copper, silver, gold, and other metals are abundant.   However, US$62 billion in recyclables were not identified in 2022.   Price swings and limited resources, such lithium prices rising 500% in a year, increase the economic need for commodities (Liu et al., 2022).
  Poor electronic waste management harms the environment.   Mercury and lead damage soil and water causing health problems.   Uncontrolled rubbish burning releases toxic fumes, and over a million Indians are exposed to illegal recycling chemicals.   Resources are needed to acquire new electronics raw materials.  The US Environmental Protection Agency (EPA) states minimising material consumption and increasing reuse and refurbishing saves energy, resources, and waste.
[bookmark: _Toc213591946] 3.2   IT equipment that follows circular economy rules
The circular economy reuses as much as possible, reduces waste, and lets nature heal.   Circularity in IT hardware includes developing long-lasting, fixable items, permitting modular upgrades, offering PaaS or leasing models, and recycling and returning obsolete products.   Research demonstrates that design choices affect 80% of a product's environmental impact.  This emphasises the need of circularity from the start of design (Taddei, 2024).
  A lot of studies discuss circularity's business case.   According to PwC, electronic devices are made to last short and are thrown away too quickly.  Circular solutions like remanufacturing and PaaS reduce resource use and greenhouse gas emissions without compromising quality.   The research argues electronics companies should prioritise circular inputs (using recycled materials), product life extension (fixing and refurbishing items), and product as a service.   Foxway's Handprint study supports this, saying that making laptops last longer saves energy and carbon; tossing away machines too soon because they're more efficient is bad for the environment.   According to the survey, the secondhand electronics market will expand 10% year.
[bookmark: _Toc213591947]  3.3 Updating supply lines
Used gadgets are refurbished to sell or use again.   Refurbished electronics are cheaper but still valuable, so those who would buy new ones often buy them.   Waste & Recycling magazine predicts a US$ billion used electronics industry by 2024.   This rise is driven by consumers' demand for affordable technology, firms' environmental efforts, and helpful policies like repairability labelling.   The EU's repairability index may save €20 billion and reduce CO2 emissions by 200,000 tonnes (Amir et al., 2023).
  Successful refurbishment requires good reverse operations, diagnostics, careful data removal, and spare parts.   Refurbishing is difficult due to proprietary hardware and repair ignorance.   Companies often restrict third-party repairers' firmware or components access to safeguard their IP.   Open repair ecosystems have been shown to foster innovation.  AI-powered robots sort electronic garbage faster and more accurately.   These technologies reduce physical effort, improve safety, and speed up work.
[bookmark: _Toc213591948] 3.4 Recycle and return
Recycling outdated electronics recovers usable materials.   According to Lenovo's asset recovery white paper, only % of recovered equipment gets reused.   A million cell phones can be recycled to recover copper, gold, silver, and other metals, however formal recycling procedures are underutilised.   Official recycling and collecting rates grew to % in, according to the Circular Electronics Roadmap.  However, informal recycling exposes workers to harmful chemicals and reduces recovery (Elgarahy et al., 2024).
  Material recycling benefits ecology and economics.   Reusing gold, copper, glass, and metal instead of extracting and heating them saves them, according to the US EPA.   Recycling electronics boosts the US economy and creates jobs.   Recycling requires a consistent means to collect recyclables, efficient sorting methods, and stable markets.   Supply chain integration reuses acquired materials in manufacturing.
[bookmark: _Toc213591949]   3.5 Policy and legal environment drivers
Circle practices are governed by policies.   Governments implement EPR, right to change laws, and take back mandates.   The EU's Circular Economy Action Plan sets goals for product lifespan, repairability, and recycling.  Repairability labelling and product-life policies reduce garbage.   Waste & Recycling magazine reports that EU signage indicating repair potential might save billions of euros and reduce CO₂ emissions.   International accords like the Basel Convention regulate hazardous waste transport.  This restricts unlawful e-waste exports (De Beukelaer, 2023).
  Regulatory loopholes persist despite progress.   E-waste is recycled and dumped illegally in many countries due to a lack of legislation and enforcement.   People worldwide must collaborate to close the recycling gap and recover resources.   Businesses must obey the laws and use proper tactics to stay competitive and strong.
[bookmark: _Toc213591950]  3.6 Certain places understudied
  Previous research on e-waste data and recycling technology is important.   However, research shortcomings remain:
  1. Integrating repair and recycling into supply chains: Few studies examine how refurbishment and recycling affect supply chain performance, risk management, and business models when combined.
Stakeholder collaboration and governance: Manufacturers, refurbishers, recyclers, logistics providers, regulators, and consumers share value and coordinate their tasks, but little is known (Sartzetaki, Karampini, Karagkouni, Drimpetas, & Dimitriou, 2025).
  2. Fostering design and innovation: We need to understand how design for disassembly, modularity, and open repair ecosystems affect restoration and how policy tools might foster them.
Economic quantification: Some reports estimate the market, but there is little evidence on how much circular techniques cost and save across IT hardware lifetimes (Bhoi et al., 2024). We can comprehend IT hardware supply line circularity by filling these gaps.
[bookmark: _Toc213591951]4 Research methodology and design


[bookmark: _Toc213591952]4.1 Research approach and rationale
Since the study is exploratory and examines quantitative and qualitative factors, mixed techniques will be used.   This strategy combines stakeholders' subjective perspectives with objective facts on environmental and economic implications for a full analysis (Bhoi et al., 2024).
[bookmark: _Toc213591953]   4.2 A research plan
  1. Case study choice: The project will examine IT hardware supply chains from a worldwide maker, a refurbisher, and a recycler.  To comply with ethics, the companies will remain anonymous.   Cases will be selected using purposive sampling to vary in size, geography, and business concept.
2. Semi-structured interviews with policy experts, sustainability officers, supply chain managers, product designers, refurbishers, recyclers, and fixers will comprise the qualitative element.   Current practices, perceived drivers and barriers, collaboration arrangements, design techniques, and policy consequences will be examined through interviews.   The work will gain depth and refinement from 15–20 60–90-minute discussions (Springer, 2022).
  Document analysis will verify interview claims and find circularity pledges in internal policies, sustainability reports, and industry standards.
Thematic analysis will be used to code interview transcripts and documentation to uncover patterns and themes about what motivates, hinders, and works.   NVivo or related technologies may simplify coding (De Beukelaer, 2023).
  3. Quantitative part: Staff in refurbishment shops, supply chain workers, and buyers of reconditioned gadgets will receive surveys.   Surveys will collect opinions on benefits, happiness, adoption rates, and environmental attitudes.   Comparisons and descriptive statistics are possible with 100 persons per group.
Cost–benefit analysis and life cycle assessment (LCA) will determine how buying new gadgets versus maintaining old ones affects the environment and economy.   Secondary data from literature (GHG emission factors and material composition) and direct data (refurbishment facility energy use) will inform models (TechXplore, 2025).
  4. Ethics thoughts:   The university's academic integrity regulations and EU GDPR will govern the study.   Consent forms will clarify the study's objective, data use, and rights.   Names and company details are kept private to protect data.   No trade secrets or private information will be shared.   Private information will be examined with care to avoid 
 4.3 Conflicts of interest.
5. Validity and dependability: Interviews, surveys, documents, and secondary figures increase validity.   Member checking lets members compare perspectives.   Survey tools will be pilot tested for clarity, and Cronbach's alpha will be used to assess scales with many items (Eduljee & Harrison, 2020).

[bookmark: _Toc213591954]   4.4 Plan for data analysis:
1.1 Qualitative data: Thematic analysis involves six steps: understanding the data, coding it, finding themes, reviewing themes, defining and labelling themes, and creating the report.   Data-driven and pre-written codes will exist.   We will examine patterns in different cases to discover common and situational aspects.
1.2 Quantitative data: Survey responses will be summarised using means and frequencies.   Inferential statistics like Chi Square tests can find correlations between environmental concerns and used electronics purchases.   LCA data will include carbon emissions, energy utilisation, and material savings.  Recycling and refurbishment's economic benefits will be compared to the basic case in a cost–benefit analysis (Inverge Journals, 2025).

[bookmark: _Toc213591955]5 Business relevance and practical implications
The study has substantial implications for businesses, governments, and society:
 1. Resource efficiency and cost savings: The project will measure material recovery and pollution reduction to show firms how refurbishment and recycling may save and generate money.   Lack of recycling wastes US$62 billion in materials.   Restoring these commodities can stabilise raw material pricing and availability.
2. Supply chain stability and risk management: Circular techniques reduce your dependence on scarce raw materials and volatile markets.   It mitigates regulatory concerns from exporting electronic waste and banning landfills.   Closed loop supply chains and reverse operations strengthen things, as shown in case studies (Springer, 2022).
 3. Innovation and an edge over the competition: Round business models like "product as a service" foster innovative product, service, and customer interaction ideas.   Early adopters can attract environmentally conscious customers and investors by becoming green.   The PwC analysis found that circular models are cheaper and emit less CO2.
4. Policy alignment and compliance: The data will assist lawmakers to assess if current rules are effective and if incentives are needed.   Fix-it labels and EPR initiatives can influence future laws.   Businesses can anticipate new restrictions to avoid fines and image damage (Eduljee & Harrison, 2020).
5. It benefits society: improved recycling and refurbishment produces skilled transportation, maintenance, and material recovery jobs.   Officializing the field reduces informal health concerns.   Affordable used equipment can help low-income households access technology.
[bookmark: _Toc213591956]6 Plan of work and time schedule
The research will be conducted over nine months. Table 1 outlines the major tasks and timelines. This schedule is indicative and may be adjusted based on data access and ethical approval processes (Taylor & Armstrong, 2020).
	Phase/Task
	Nov 2025
	Dec 2025
	Jan 
2026
	Feb 
2026
	Mar
 2026
	Apr
 2026
	May 
2026
	Jun 
2026
	Jul 
2026

	Proposal finalisation & ethics approval
	●
	●
	
	
	
	
	
	
	

	Literature review and theoretical framework
	●
	●
	●
	
	
	
	
	
	

	Design of instruments (interview guide, surveys)
	
	●
	●
	
	
	
	
	
	

	Case selection & initial contacts
	
	●
	●
	●
	
	
	
	
	

	Data collection (interviews)
	
	
	●
	●
	●
	
	
	
	

	Data collection (surveys)
	
	
	●
	●
	●
	●
	
	
	

	Lifecycle and cost–benefit analyses
	
	
	
	●
	●
	●
	●
	
	

	Data analysis (qualitative & quantitative)
	
	
	
	
	●
	●
	●
	
	

	Drafting chapters & synthesis of findings
	
	
	
	
	
	●
	●
	●
	

	Review, editing & proofreading
	
	
	
	
	
	
	●
	●
	●

	Final submission & dissemination
	
	
	
	
	
	
	
	●
	


Table 1: Research plan and timeline (● indicates active periods)







[bookmark: _Toc213591957]7 Conclusion
Rapid electronic garbage increase, poor formal recycling rates, and a lack of resources make switching IT hardware supply chains from linear to circular urgent.   Global monitoring, industry studies, and policy evaluations reveal e-waste's severity.  They demonstrate how refurbishment and recycling can recover useable materials, reduce greenhouse gas emissions, and generate revenue.   Critical issues including infrastructure, design, regulation, and buyer conduct prevent circular benefits from being completely exploited.   This mixed methods study will examine how IT hardware supply chains might apply circular economy ideas by recycling and mending outdated devices.   The study combines supply chain experts' perspectives with environmental and economic data to give recommendations to businesses and policymakers.   Key success criteria, circular strategy benefits, and sustainability, resilient, and fair supply line policies are expected.
To conclude, the 2000 plan emphasises the need to immediately restructure IT hardware supply chains utilising circular economy principles like reusing and recycling.   It demonstrates how much money is lost on each item and how much e-waste is produced 62 million tonnes in 2022, and only 1% will be recycled.   A strong plan to investigate how circular techniques might increase IT sustainability, supply chain resilience, and company value is presented.  It indicates present barriers, suggests a mixed-methods study strategy, and provides a schedule.
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