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1. Lifetime distribution
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Figure S1. Lifetime dstribution of wind turbines derived from the decommissioned wind turbines’

lifetime.

2. Uncertainties in lifetime distribution and empirical

regressions
Table S1. Statistical uncertainties in lifetime distribution.
Parameter/  Onshore Offshore
coefficient  estimate (std. error)  estimate (std. error)
o k-t k=1 ohE Scale (1) 19.48 (0.09) 19.48 (0.09)
Lifetime: St =303 € Shape (k) 4.07 (0.05) 4.07 (0.05)
Table S2. Statistical uncertainties in empirical regressions.
Reoression Parameter/ Onshore Offshore
& coefficient  Estimate  Std. error p-value Estimate Std. error p-value
Capacity (C) Constant (a) 1.913743  0.0190893 0.000 0.9465624 0.0416878 0.000
versus Rotor 6 36 67
Diameter (D): Exponent  0.490830 0.0015171 0.0056681
D= ach (b) 9 53 0.000 0.5872416 21 0.000
Capacity (C) Constant (a) 3.558202 0.0375506 0.000 50678762 0.5226345 0.000
versus Hub 6 05 1
Height (H): Exponent  0.390678  0.0015965 0.0132725
D= aHb (b) ) 08 0.000 0.3372751 2 0.000
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Rotor Diameter 0.005103  0.0008179 0.0035013  0.0014561

(D) versus Constant (a) 537 673 0.000 29 35 0.024
Rot ight
(“(,’ ()’,rxe‘i . Exponent 2013795 00394237 o 21411691 00907274 oo
b D,," (b) 269 953 ' 96 87 '
Rotor Diameter 0.035382  0.0053306 0.0090899  0.0069084
(D) versus Constant (a) 16 08 0.000 09 06 0.195
Nacelle Weight
(\a,vce),‘;, . Exponent  1.690790 0.0376655 o000 20455991 01648274
N D,,"’ (b) 68 50 : 74 60 :
Product of 0.017550  0.0039429 0.0175502  0.0039429
Swept Area Constant (a) 28 73 0.000 ] 73 0.000
(D?) and Hub
Height (H)
versus Tower  Exponent 0683879 00193402 o 0.6838793 00193402 o
Weight (Wr): (b) 35 08 ' 5 08 '
WT =a
(D% x H)"

3. Mass intensities of wind turbine components

160 - 6 250 - - 20
Onshore Offshore
140 | ®Rotor m Rotor - 18
m Nacelle L 5 m Nacelle

= Tower 200 1 = Tower - 16
120 Average capacity = Average capacity —
S 3 142
< 100 4= 2 =
=, 2 2150 122
= Q> Q
f"é 80 3 g E ‘10a
g S g S
£ o £ o
60 Z m100 8 g
2 25 & 2

6
= 40 z = | z

50 4

20 5

0 0 0 0

2018 2023 2028 2033 2038 2043 2048 2018 2023 2028 2033 2038 2043 2048

Figure S2. Mass intensities of wind turbine components corresponding to the average capacity of wind
turbines over time. Note: mass presented here only includes three components, i.e., rotor, nacelle, and

tower.

S3



4. Material intensities of wind energy systems

We collected 20 LCA reports conducted by Vesta Sustainability, which can be accessed via the
following link: https://www.vestas.com/en/about/sustainability#!available-reports.
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Figure S3. Material compositions of a wind turbine per se.
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Figure S4. Material compositions of other parts of wind energy systems relative to the materials used in
wind turbines.
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Table S3. Neodymium intensity and dysprosium intensity used in previous studies.

kg/MW Nd% Dy% kg/MW kg/MW Reference

An assessment of U.S. rare earth availability for supporting U.S.

650  27.0% 3.0% 0.176 0.020 . :
wind energy growth targets

560  29.0% 2.0% 0.162 0.011 ) ) )
Material Flows Resulting from Large Scale Deployment of Wind

571.4  29.0% 2.0% 0.166 0.011 Energy in Germany?
566.7 29.0% 2.0% 0.164 0.011

400 31.0% 5.5% 0.124 0.022
600 31.0% 5.5% 0.186 0.033

Critical materials strategy 20103

Wind Energy in the United States and Materials Required for the

[
800 27.0% 0.216 Land-Based Wind Turbine Industry From 2010 Through 2030*

642 30.8% 4.5%  0.198 0.029
600 30.0% 4.0% 0.180 0.024

Can a dysprosium shortage threaten green energy technologies?’

600 31.0% 5.0% 0.186 0.030 Byproduct metal requirements for U.S. wind and solar photovoltaic

electricity generation up to the year 2040 under various Clean
400 29% 3.0% 0.116 0.012 Power Plan scenarios®

0.1704  0.0203 Average (used for material intensities in 2017)

0.119 0.014 70% of the 2017 level” (used for material intensities in 2050)

5. Survival curves of lifetime extension
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Figure S5. Survival curve of the lifetime function when average lifetime is 17.8 years, 20 years, or 25
years. Note: A survival curve presents the probability that previously installed turbines reach their
lifetime, and thus average lifetime represents the duration between the time point when turbines were
installed and the time point when half of them are still functioning. Based on the baseline lifetime
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function (average lifetime = 17.8 years), we generated new curves for two lifetime extension scenarios
(20 years and 25 years), by adjusting the scale parameter of lifetime function while keeping the shape
parameter unchanged. In a nutshell, the longer average lifetime is, the slower decommission of turbines

1S.

6. Impacts of increasing market share on dysprosium flows
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Figure S6. Impacts of increasing market share on annual dysprosium flows from 2018 to 2050.
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7. Impacts of lifetime extension on material flows
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Figure S7. Impacts of lifetime extension on cumulative material flows during 2018-2050 in the
Hydrogen, IDA, Wind, Fossil, Biomass, and Biomass+ scenarios.
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