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Basic Project Information 

Background/Context 

The Phase 1 Metal Recycling project team examined the contribution of metals recycling to overall value 

recovery from EoL electronics and how miniaturization, decreasing gold content, and product design are 

affecting metals recovery now and in the future.  The team found that the viability of metals recycling 

(i.e., recovery of commodity metals) as the financial driver for collection and treatment of EOL 

electronics is low and decreasing rapidly.  Many materials, such as rare earth elements, have a high cost 

for recovery compared to their metals market value, at current market prices, and, due to low value and 

lack of proven processing technologies, are not recovered at all. 

Metals recovery is often supported by asset management activities (data destruction, logistics, and resale) 

that generate sufficient revenue to support the recycling enterprise. This approach of combining different 

sources of value can be taken even farther if the electronics community and its stakeholders work together 

to determine what an optimized, integrated value recovery system would look like.  Such a system would 

include but not be limited to, product reuse, component reuse, recovery of metals and other materials, 

and, to facilitate all value recovery options, product design for EoL.  Optimized EoL management must 

also include development of recovery technologies, information sharing within the system, supply chain 

incentives for collection, new pathways for collection, and coordinated pre-processing systems. 

Such a value recovery approach and a community that supports it will be essential for creating a 

sustainable and circular economy. The Phase 1 team noted that Dr. Eleanor Ostrom, the 2009 Nobel Prize 

winner in Economics, has laid out a framework for developing voluntary, community-based solutions, 

involving adaptive, self-governing systems that effectively manage common pool resources. EoL 

electronics are common pool resources, i.e. resources that many different people and organizations rely 

on for their livelihood.  Furthermore, electronics are embedded in the type of existing systems on which 

Ostrom based her framework:  “complex, social-ecological systems” composed of multiple sub-systems 

 



 

NOTE: All changes to SOW must be approved by the Technical Committee for version control          Page 2 of 8 

at multiple levels that are relatively separable but interact to determine to produce outcomes and viability 

at the top level. This approach was selected as the basis for this and future projects, with the ultimate goal 

of creating pathways to sustainable electronics. 

Value recovery from HDDs was chosen for this iNEMI project for several reasons: 

• Hard disk drives are ubiquitous devices that are manufactured by a small number of companies, 

but used across many product classes and widely distributed geographically. 

• Metals recovery in HDD is dominated by either precious metals or commodity metals (i.e., Al, 

Fe), but there are other possible sources of value in these components, including reuse of the 

HDD, reuse of the magnets in HDDs in other products, reuse of assemblies in HDDs, and He 

recovery, as well as product markings strategies and new recycling methods that change the 

economics of recovery. 

• There appears to be momentum within the community. The Critical Materials Institute (CMI) and 

Seagate have been discussing various approaches to value recovery, including the development of 

a new technology for removing magnets from HDDs. CMI has been performing economic, 

environmental, and logistical analyses to examine the viability of various scenarios, analyses that 

can be applied to a range of other scenarios proposed in this project.  It is likely that other 

companies and stakeholders will join this project if they see roles they can have in a value 

recovery system for HDDs. 

• Some work has been done through the EPEAT server standard stakeholder process to identify 

specific elements of product design and flow of information that could aid recovery. 

• U.S. and European agencies project a need for many industries to secure a secondary supply of 

REE metals which are contained in HDD magnets. 

Scope of Work 

Through a community-based approach, this Fast Turn project would establish the groundwork for 

developing an implementable plan for a value recovery system for HDDs. The scope of work for this Fast 

Turn project is to: 

1. Identify possible routes to increase the value recovered from HDDs, from direct product reuse to 

metals recycling, for specific HDD product types, applications (server, data centers, portable, 

desktop, enterprise, telecom), and conditions at EoL. 

2. Develop a decision tree to show the sequence of recovery choices being made from direct product 

reuse to metals recycling, including criteria being used to make the decisions and the handoffs 

required at each stage to realize value recovery. 

3. Identify the current barriers to a safe, environmentally sustainable, economically feasible 

recovery system. 

4. Identify next steps to demonstrate the feasibility of the system. 
 

There is currently no integrated infrastructure for recovering value from HDDs. The Ostrom framework 

can lead to development of “self-organizing” communities that are capable of sharing resources 

sustainably – from the point of view of all three pillars of sustainability: societal, environmental, and 

financial.  Having such a decision tree laid out for HDDs will benefit the electronics community in 

several ways. In addition to preserving resources, maximizing value recovery, and minimizing e-waste, it 

is expected that creating EoL pathways provides a benefit to the product owner: systems with EoL plans 

for HDDs established at the time of purchase can possibly have a marketing advantage over systems 

without such a plan. 
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Here is a simplified example of a decision tree for value recovery from HDD magnets by a new removal 

technology from CMI.  In this example, there are four routes to value recovery from HDDs: metals 

recovery in the outer loop, with the two red arrows showing recovery of the magnet alloy/phase and REE 

metals, respectively, magnets or assemblies recovered in the pristine state enabling direct reuse in HDDs, 

and pristine magnets for use in non-HDD applications.  From Phase 1, we know that metals recovery of 

REE alone is not financially viable unless the value of the recovered can defray the cost of separating 

them from commodity metals. Direct or in-direct reuse could possibly provide the added value needed to 

make the system economically viable. This project will develop a detailed decision tree for value 

recovery, with input from stakeholders across the supply chain and the life cycle.  Case studies for 

specific additional product types will be suggested by the team to be conducted as part of or outside the 

team, depending on time and resources. 

 

 
 

The output of the project will be, at a minimum, a public report. Future phases of the project may be 

proposed depending upon the findings of this project. 
 

 

Purpose of Project 

The purpose of the project is to identify pathways to increase value recovery for hard disk drives (HDDs) 

through a community- and systems-based examination of the options for value recovery and the decision 

points for the specific paths. To this end, the project will be considering several things: 

 Examine and document methods to increase value recovery from hard disk drives (HDDs) 

 Communicate the methods and pathways to the community required to put them into practice, 

and, if appropriate, 

 Launch a collaborative project toward implementing a systems solution. 
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IS / IS NOT Analysis 

This Project IS: This Project IS NOT: 

Focusing on value recovery of hard disk drives 
Developing new metals recycling processes, or other 
end-processes, or pre-processing (sorting and 
separation processes) 

Developing product and supply chain analyses to 
determine where and how HDD are used and 
discarded and identifying the decision points and 
agents/actors in creating different value recovery 
systems 

 

Developing commercialization plans for or promoting 
a particular recovery technology 

Developing a decision tree with decision-making 
criteria for the value recovery for HDDs depending on 
sector 

Repeating existing work 

Involving companies and stakeholders from across the 
electronics industry, not just HDD manufacturers or a 
limited number of stakeholder types 

Developing Standards or Certifications 

Examining value recovery from consumer electronics, 
enterprise electronics, and future ICT 

Creating new implementation activities 

Being proscriptive 

Testing the Ostrom model  for creating self-organizing, 
sustainable communities for HDDs 

Creating new tools or assessment methods 

Showing options for value recovery to manufacturers, 
electronic recyclers and other economic and societal 
actors in the HDD supply chain 

Judging effectiveness 

End outputs:  Public report; Implementation plans  - 
iNEMI member-only recommendations for next steps 
(Phase 3+ or other) 

Developing specific product design criteria 

High level assessment - Guide on ability for value 
recovery of HDD 

 

 

Business Impact 

The industry will benefit from this forward-looking, collaborative effort without investing a huge sum of 

money and resources individually.  The business impact could be substantial in the following areas. 

A. Project Team: 

 Experience gained in creating effective, specific collaborations to increase value recovery. 

B. iNEMI Participation 

 Follow-on project could Increase in membership for iNEMI. 
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C. The Industry 

 Increase credibility of industry as agents for positive change 

D. The Value Recovery Community, including the IT Asset Management and Recycling Industries 

 Provide insight regarding product and technology changes that are occurring and how they 

will impact value recovery operations and the circular economy 

 

Participating organizations (c=committed; the rest are being recruited) 

 Seagate - c 

 Purdue- c 

 Green Electronics Council/EPEAT - c 

 Critical Materials Institute - c 

 Western Digital 

 Google 

 Facebook 

 Dell 

 HP 

 HP Asset Management 

 IBM 

 IBM Asset Management 

 Lenovo 

 Wistron 

 Arrow 

 NIST 

 Intel 

 

Outcome of Project 

This iNEMI sponsored project proposes to identify pathways to increase value recovery for hard disk 

drives (HDDs) through a community- and systems-based examination of the options for value recovery 

and the decision points for the specific paths. 

Previous Related Work (Initial List) 

 iNEMI Metals Recycling Project (Phase 1) 

 e-Stewards, R2, WEEE-LABEX 

 Elinor Ostrom papers, including E. Ostrom, “A General Framework for Analyzing Sustainability 

of Social-Ecological Systems” Science 419 (2009) 325 
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 STEP paper – what should be included in best practices of collection and processing in WEEE 

 UNEP Resource Panel Reports, including “Metal Recycling; Opportunities, Limits, 

Infrastructure” 

 Academic papers 

 Best practices/interactions in asset management and the recycling/supply chain 

 EU Best practice list for collection schemes (ERP) 

 PACE recycling guidelines 

Prospective Participants 

At least one representative from the following economic actors: 

1. HDD manufacturers 

2. Large users of HDD systems 

a. Data centers 

b. Others 

3. IT asset management companies 

4. Recycling chain 

a. Collection schemes 

b. Pre-processing 

c. Electronic scrap end-processing 

5. Academic 

a. Material flows, economic and supply chain analyses 

b. Processes for value recovery 

6. Electronics Manufacturer – Consumer, Enterprise, Future looking 

a. Consumer electronics producer 

b. Enterprise electronics producer 

7. Supply Chain for HDD 

a. Electronics: ICs, assemblies 

b. REE permanent magnet assemblies 

c. Others: disks, mechanical structures, housing 
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Project Plan 

Schedule with Milestones 

 

  Q1   Q2   Q3  

Phase 1          

Task 1          

Task 2          

Task 3          

Task 4          

Task 5          

Task 6          

 

Phase 1 – Detailed Information 

Task 1: Review existing value recovery pathways for HDDs. 

- Estimate sizes of various HDD markets by application and HDD type available for the value 

recovery feedstreams 

- Identify the product(s)  in each sector (consumer electronics, data centers, enterprise 

electronics) at EOL that contain HDDs and review disposition of HDDs when the products 

are identified as being “EoL”   

Task 2: Develop list of possible value recovery streams and possible decision points. 

- Routes through which equipment goes 

o Inputs 

o Outputs 

o Decision making criteria: general to specific, as available 

Task 3: Review current state of HDD value recovery throughout the EoL supply chain. 

Task 4: Develop high-level assessment of roles of the economic actors in the life-cycle chain. 

Task 5: Develop a more detailed decision tree for use along the supply chain on potential choices for 

value recovery and identify existing criteria, tests, and standards for decision making, including an 

estimate of the economics. 

Task 6: Identify barriers to value recovery and opportunities for optimizing value. 

Task 7: Develop recommendations for next steps. Write and issue public report. 

Project Monitoring Plans 

 Ensure open lines of communication among participants 

 Review all project requirements with participants before the project begins. 

 Project participants will meet bi-weekly to review various aspects of the project and make plans 

for next phases of the project. 

 Meeting minutes provided through e-mail 

 Follow-up with individuals on an as-needed basis 
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 Provide any project specific monitoring or communications plans, e.g., multiple project meetings 

to cover multiple regions (EMEA, Asia, Americas) 

 Workshops and face-to-face meetings as determined by the project team 

 Progress reports will be provided upon request for presentation at regularly scheduled iNEMI 

meetings (e.g. a short series of PowerPoint slides showing the work in progress at member council 

meetings). 

 Track and document approximate man-months per quarter per team member (this will require the 

active members of the team to provide estimates). 

 Track and document approximate number of people on the project per quarter (this can be tracked 

through iNEMI's WebEx account.) 

General and Administrative 

Guidelines for this project and all other iNEMI Projects are documented at 

http://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 
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