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(US DOE 2015)

Lighting Technology Transition 
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(Tan et al. 2015, Scholand et al. 2012)
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Rare Earth Phosphors



Can we recycle rare earth elements 

to alleviate their supply risk?

• How much rare earth oxides will be available for recycling from end-of-life 

lighting technologies?

• Is the recycling operation economically feasible?



(Müller 2014)

● Dynamic material flow analysis -- estimate the global trajectories of REOs from 

EoL lighting technologies from 1990 to 2050;

Methods and Data
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● Global demand data for compact and linear fluorescent 

lamps (CFL and LFL) were collected from IEA and DOE 

reports. We developed projections based on the historical 

trend to extend the time frame from 1990 to 2050.

(IEA 2010, US DOE 2011)



Methods and Data

● Learning curve approach -- study the economic feasibility of REOs recycling 

operation by considering the economy of scale;

𝑋1 and 𝑋𝑡 are two different plant capacities;

𝐶𝑋1 is the recycling cost of plant with capacity 𝑋1; 

𝐶𝑋𝑡 is the recycling cost of plant with capacity 𝑋𝑡; 

𝑎 is the scale factor.

Economy of scale
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● Recycling cost data at various plant capacities were collected from literatures to 

calculate the scale factor a;

● Hydro-metallurgic recycling operation was considered in this study, with the end 

product being rare earth oxides mixture. 

(Argote et al. 1990, Wang et al. 2014)



Result – Global Demand Trajectories of Efficient Lighting Technologies

Figure 1. Demand for different lighting technologies under low (a), 

medium (b) and high (c) LED penetration scenarios
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Result – Global Trajectories of Demand and EoL Flow of REOs

Figure 2. Total REOs demand and waste stream in lighting sector 

under low (a), medium (b) and high (c) LED penetration scenarios.
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• REOs demand from the lighting sectors will continue to increase and reach the peak at around 2025; 

• EoL flow of REOs from lighting technologies will increase and reach the peak at around 2030. 



Result – REO Recycling Cost Projection

Figure 3. Recycling cost projection under different plant capacities.
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Result – Profitability of REO Recycling Operation 

Figure 4. Profitability of REOs recycling process with different plant capacities under 2018 REO 

prices level (a) and three other break-even prices of plant scale at 1,500 (b), 800 (c) and 100 t/yr (d). 

2018 (REO) prices 2.2 x 2018 prices 2.8 x 2018 prices 6.3 x 2018 prices



1. There will be a growing volume of REOs from EoL lighting technologies that are available for 

recycling in the next about ten years. 

2. Increasing the plant capacity can significantly reduce the cost of REOs recycling operation, 

however, under the 2018 REO market prices, the recycling process is not economically feasible, 

irrespective of plant capacity.  

3. Substantially higher REO prices and incentive policy that bears the REO recycling cost would be 

need to improve the REOs recycling rate.

Conclusions
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(Nassar et al. 2015)
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Supplement Information

Low collection rate of fluorescent lamp at global level.

● EU countries (40%), Taiwan (80%)

● China, US, Japan and Australia (< 15%)

(Silveira et al. 2011)
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Supplement Information

(Innocenzi et al. 2016 & 2017)



(US Geological Survey)
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