
 The optimal pathway was found to consist of shredding, copper nitrate dissolution, and 
oxalic acid precipitation. It never changed during any of the sensitivity analyses.

 Results show that the venture considering HDDs from PCs is likely not profitable as there is 
not enough REPM available for recycling from EOL HDDs at the given projected REO prices.

 Expanding the plant to process multiple feedstocks or introducing multiple agents to handle 
different processing steps may make the venture profitable.

Hard Disk Drives (HDDs) are a Potential Source of REEs

Future Work
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 Further optimize the acid-free dissolution extraction process.
 Utilize the Life Cycle Assessment (LCA) framework to consider environmental 

impacts in the objective function.

Rare Earth Elements (REEs) are essential to rare earth permanent 
magnets (REPM)

Simplified scheme of the superstructure9-15.

Aspen Plus model for the hydrometallurgical extraction process node12.

Electric (EVs) &  Hybrid Electric 
Vehicles’ (HEVs) Motors

Wind Turbines (WTs)
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Design and Optimization of Processes for Recovering Rare Earth Elements from 
End-of-Life Hard Disk Drives

Motivation Superstructure and Assumptions Optimal pathway for REE recovery from EOL 
HDDs13,15

 HDDs, which were used in all laptops and desktops until 2013, are 
receiving increasing attention in the U.S. as a potential source of REEs 
as evidenced by the work of agencies and national laboratories such as: 

 The National Renewable Energy Laboratory (NREL)4. 
 The Environmental Protection Agency (EPA)5.
 The Critical Minerals Institute (CMI)6. 
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 Consumer laptops and desktops assumed to have an 8-year 
lifespan.

 Laptops assumed to have 2.5” HDDs which contain 2.5g of REPM3.
 Desktops assumed to have 3.5” HDDs, REPM linearly correlated to 

when HDD was produced3:

Aspen Modeling
 The NPV break-even point occurred at 

~360%, suggesting that insufficient EOL 
HDDs are generated during production 
for the process to be profitable.

 The NPV break-even point was found to occur at ~168%, suggesting that the REO 
projected price would have to be significantly higher than the base case for the process to 
be profitable.

-$3,000,000

-$2,000,000

-$1,000,000

$0

$1,000,000

$2,000,000

100% 125% 150% 168% 175% 200%

N
PV

Percentage of initial REO price projection estimate

-3A

-2A

-1A

0

1A

2A
Base Case

-$3,000,000

-$2,000,000

-$1,000,000

$0

$1,000,000

60% 100% 200% 300% 350% 360% 375% 400%

N
PV

Collection Rate

-3A

-2A

-1A

0

1A
Base Case

-$3,000,000

-$2,000,000

-$1,000,000

$0

$1,000,000

25% 50% 75% 100% 125% 148% 150%

N
PV

Initial Collection Rate

-3A

-2A

-1A

0

1A
Base Case

Hard Disk Drives (HDDs)

28%

5%66%

1%

WT REPM wt. %2

Nd/Pr Dy
Fe B

20%

10%
67%

2% 1%

EV/HEV Motor REPM wt. %1

Nd/Pr Dy Fe Co B

Long term goal: design a feedstock agnostic process to recover rare 
earth oxides (REOs) from EOL products.
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 The NPV break-even point occurred at 
~148%, suggesting that not enough EOL 
HDDs were generated before the start of 
production for the process to be 
profitable.

Logical Constraints

s.t. Mass Balance Constraints

Costing Constraints
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Optimization Problem
max z = Net Present Value (NPV)

 Plant installed in 2024, operation runs from 2025 through 2038.
 REO prices were taken from literature16.

 Linear relations from 
literature or Aspen Plus 
simulations

 Only one technology selected 
per stage

 If/then constraints to set 
available options 

 Disassembly stage: CAPEX 
and OPEX calculated using 
discrete units

 Rest of the stages:
      - OPEX assumed to vary linearly with inlet flow
      - CAPEX: piecewise linear 
      - Data from literature or Aspen Process Economic Analyzer  

Conclusion

Sensitivity Analysis
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