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Q: To what extent did the optional criterion in the Computer Standard on use of recycled rare 
earths in HDDs play a role in spurring all this research?  And what kind of criteria should be 
added to EPEAT standards in the future to further spur reuse of rare earths (REE), precious 
metals, etc.? Should we add a new optional criterion to the NSF Server Standard to give credit 
for using reused HDDs in new servers?  Other options/ideas? 

A: Having the optional criterion in the EPEAT Server Standard provides an important industry driver 
for using HDD resources more wisely.  The positive effect this standard will have up and down the 
supply chain is only now becoming apparent.  Rare earth scarcity and our unsustainable waste of 
rare earths have been on the world's radar for a long time, and we are now starting to see the 
convergence of different elements necessary to create a circular economy for REEs and HDDs. 
Research and planning started several years ago as did the work to incorporate the REE optional 
criterion into EPEAT. The DoE Critical Materials Institute, the source of much of the enabling 
research for REE recovery in this iNEMI project, began developing these technologies almost six 
years ago. Urban Mining Company's research program began at least as early as 2006, and is 
continuing to expand as they build a larger scale facility in Texas.   

Based on the positive effect we are seeing with the new optional criterion for recycling REEs, 
everything is on the table with respect to new criteria.  We can imagine this could range from reuse 
of used, functioning HDDs in servers, computers, etc., and credits for recycled Au in circuit boards 
to reuse of components, including magnets (or magnets from 100% recycled content), circuit 
boards, housings, and base assemblies with spindles.  It is possible that such additional optional 
criteria will have an impact on HDD design moving forward.  The momentum is building. 

Q: Regarding environmental savings from various pathways (see Slide 59 of the end-of-project 
webinar) — is this compared to using virgin mined rare earths?  If so, why are the climate 
impacts in the far-right columns so low?  I thought the climate impacts from mining would be 
much higher? 

A. The reason the impacts are low is because we are comparing rare earth elements (REE) or magnet 
recycling with virgin HDD production and shredding. The far-right column is about recycling REE 
from HDDs, which is a very small portion of materials from the entire HDD. The impacts are 
represented in %, where the nominator is the impacts of REE recycled from 1 HDD and the 
denominator is the impact of producing 1 entire HDD. The denominator considered all HDD 
components from virgin materials, including mining rare earth elements. As they are in the 
denominator, the % is small. We chose to represent the numbers in this way to compare different 
recycling pathways in a same basis (i.e., producing 1 HDD from virgin sources). We'll include more 



detailed comparisons based on other bases (e.g., compare recycled REE with virgin REE) in our 
final report. 

Q. I see you have talked with NIST.  What work has been done on making sure that the data is 
really wiped off the drives for a reuse scenario?   

A. We have validated the requirements for the NIST 800-88 R1 “Purge,” which is required to release 
the device outside of the organization.  After data wiping, the “Purge” requirement has several 
verification checks that ensure the device is properly data wiped, giving a high assurance that all 
data has been destroyed.  

1.     Primary verification is performed on 100% of the drives and devices are sampled to 
determine that the data has been purged.   This is done by the data wiping application and 
follows the NIST 800-88 R1 sampling criteria.  

2.    Secondary verification is performed on a random selection of 20% of all devices.  This 
verification samples 100% of the drives’ sectors looking for data.  The verification software 
should be developed by a software provider different from the software provider that 
performed the data wiping to ensure any errors are not carried through from the data wiping 
process.  Essentially, this verification is similar to a forensic level test and its sole purpose is to 
ensure the data wiping application is working properly.  

In our experience, forensic testing of wiped drives has proven the NIST 800-88 protocol to be 
100% effective.   

Separately we have provided data wipe records of 900k data wipes and have found no indication 
that the data wipe application used is not overwriting correctly.   We also have sent out over 30 
devices in the last 3 years to a highly respected forensic laboratory for data wipe testing and have 
found no errors.   

If the data wiping process conforms to the NIST 800-88 R1 standard, organizations should feel 
highly confident that no data is released through this process.  

Q. To de-manufacture the drive will cost money/labor.  Has that been added to the economic 
assessment?  

A. We included the labor cost in manual disassembly of HDD to obtain voice coil magnet assemblies. 

Q. Can the Aluminum enclosure itself be reused since it's a common form factor? At least by the 
same manufacturer? Although there would be some design issues the manufacturer would have 
to implement in order to use the same enclosure over multiple generations of products, I think 
that could be addressed. 

A. In a limited number of cases the Al top cover and the Al motor-base assembly could be re-used.  
The opportunity is limited due to the rapid evolution of HDD technology and supporting 
component design but reuse of these and other HDD subassemblies should be pursued for cases 
in which a part number (design) is common to a drive model still in production.   



Q. For magnet-to-magnet, are these savings based on the average weight of a magnet in an HDD 
assembly?  

A. Yes, they are. We first calculated the environmental savings per kg of NdFeB magnet and then 
scaled them down with the actual magnet weight in an HDD (in our case, it’s a 6TB Seagate 
Makara HDD). The LCA of M2M is discussed in the paper, “Life Cycle Assessment of Neodymium-
Iron-Boron Magnet-to-Magnet Recycling for Electric Vehicle Motors.” 

Q. For magnet-to-RE oxide, on what amount (g) of recovered RE oxides are these savings based?   

A. We assumed 7.0g of Nd and 0.4g of Dy recovered from one HDD. The relevant technologies and 
data are described in these two papers: “Economic evaluation of an electrochemical process for 
the recovery of metals from electronic waste” and “Process Development for the Recovery of 
Critical Materials from Electronic Waste.” Please note that we are currently updating this LCA so 
that the numbers will probably change a bit. We are preparing a manuscript and an iNEMI end-of-
project written report where more details will be discussed as they become available. 

 

 


