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Supplementary Figure 1: Model overview. Photovoltaics (PV) owners maintain, install, or decommission PV module capacity (MW) using used or new modules. Decommissioning creates end-of-life (EOL) modules, for which owners decide among five end-of-life pathways: repair (by installers), sell for reuse, recycle, landfill, or temporarily store. Recyclers sort EOL PV modules into modules that can be repaired (by installers), modules that are recycled, and improve their recycling processes over time. Manufacturers purchase recycled materials and other manufacturers’ by-products/waste if there are established pathways to do so. Installers improve their repairing processes and handle the collection and sales of used modules as well as the disposal of modules that cannot be sold (e.g., because too damaged). (The grey arrow linking manufacturer and PV owner represents a link that is not implemented in the model but is added to represent better the relationships between PV actors in the real world).






Supplementary Table 1: The ABM submodels with their equations, parameters, and sources. Arrangements of submodels to form the agents’ behavioral rules are shown in Supplementary Figures 14, 15, 16, and 17.
	Submodel name [and Figures code]
	Formal definition
	Parameter values (source)

	Agents [E0]
	



	 (simplifying assumption)
1
2
 (simplifying assumption)

	Initial end-of-life pathway and purchase choice adoption rate [E1]
	
Is a set of possible end-of-life pathways and  is 1 if PV owner  has selected the path  at  and 0 otherwise.

Is a set of possible purchase choice and  is 1 if agent  has selected the purchase choice  at  and 0 otherwise.

	3
3,4
5-7
 (assumed to be equal to storing)
 (assumed to be equal to landfilling)
3,4
3,4

	PV owners social network [E2]
	
With V set of vertices E a set of edges. E may be defined as per equation 2.

And:

 is the clustering coefficient (i.e., the proportion of edges between neighbors of a node relative to the total number of possible edges between those neighbors),  is the average path length (i.e., the mean of the shortest between two nodes in the network),  and  are the clustering coefficient and average path length of the equivalent random network (see Supplementary Figure 18).
	Rewiring probability, 8-10
Average number of neighbors, 8-10

	Transportation costs [E3]
	
 and  are the transportation cost and amount of PV modules for agent  and EOL pathway  at time , respectively,  the PV module’s material efficiency (weight per unit of power output) at time ,  is the distance from the agent to the EOL site (nearest installer, PV owner, landfill, or recycler), and  is the transportation cost per unit of mass and distance.  is added to the pathways’ costs and, thus, influence PV owners’ and installers’ decisions. The nearest installer, PV owner, landfill, or recycler is determined by approximating the contiguous US as a graph (see Supplementary Figure 19) and Dijkstra’s algorithm.
	 (assumed one installer per contiguous state and the average distance between the center and borders of all states)
 (assumed that origin and target can be anywhere in the contiguous US)
 (16 recyclers in 8 states: Texas, Arizona, Oregon, Oklahoma, Wisconsin, Ohio, Kentucky, South Carolina2)
 (assumed one landfill per contiguous state and the average distance between the center and borders of all states)
 (assumed to occur in close vicinities)
 $/t.km11

	Growth of cumulative PV capacity [S0]
	
 is the cumulative amount of PV capacity installed by agent  at time step ,  and  are the growth rate of periods  and  respectively (see Supplementary Figure 14).
	 MWp4 (cumulative installed capacity of crystalline Silicon PV in 2020)
4
4
 years4

	Efficiency growth of PV modules [S1]
	
 and  the intercept and regression coefficient (see Supplementary Figure 14).
	 kg/Wp4,12
 year1 4

	Purchase choice decision (theory of planned behavior) [S2]
	
[bookmark: _Hlk58162746] behavioral intention,  attitude level,  the subjective norm, and  the perceived behavioral control of agent  for purchase choice  at .  of agent  regarding the purchase choice is normally distributed between 0 (negative attitude) and 1 (positive attitude) (with  and  the mean and standard deviation of the distribution, respectively) for the choice of purchasing a used PV module. The attitude level for the choice of purchasing a new module is assumed to be one minus the attitude held toward a used PV module. Attitude levels are unknown and, thus, used for calibration.

With  being 1 if agent’s  neighbor  has selected the path  and 0 otherwise and  the total number of neighbors of agent .

Where  is the cost of choosing the purchase choice  at  for agent , following the approach described in Supplementary Figure 20 (, the price at which installer  is selling the used modules on the second-hand market and  its margin). As purchase choice are Booleans, the purchase choice made by agent  at time  is assigned the value 1 (True) while the other purchase choice is assigned the value 0 (False) (see Supplementary Figure 14):

	13
13
13
, see Supplementary Figure 20
: see Supplementary Figure 20
 (calibrated)
 (calibrated)
14

	Generation of EOL PV modules (Weibull function) [S3]
	
In the equations,  is the amount of PV modules of agent  reaching their end-of-life at ,  is the average lifetime of PV modules, and  is the shape factor, drawn from a symmetric triangular distribution.  is the remaining amount of PV modules installed by agent  at time step  (i.e.,  subtracted of the amount of PV modules that reached their EOL in previous time steps). For used PV modules, early failure and a shorter lifetime and/or lower efficiency (yielding a shorter lifetime of equivalent power output) (drawn from a symmetric triangular distribution) are considered, modeling imperfect substitution. (See Supplementary Figure 14).
	New modules:
 years4
4
Used modules:
 years15,16
4

	Storage of EOL PV module [S4]
	
With  the maximum storage time for agent , drawn from a symmetric triangular distribution and  the storage time at time  of EOL PV modules (see Supplementary Figure 14).
	17

	End of life decision (theory of planned behavior) [S5]
	
 behavioral intention,  attitude level,   the subjective norm, and  the perceived behavioral control of agent  for pathway  at .  of agent  regarding circular economy (CE) pathways are normally distributed between 0 (negative attitude) and 1 (positive attitude) (with  and  the mean and standard deviation of the distribution respectively) for the circular pathways (repairing, reusing, and recycling). The attitude levels toward linear pathways (landfilling, storing) are assumed to be one minus the attitude toward circular pathways. Attitude levels are unknown and, thus, used for calibration.

With  being 1 if agent’s  neighbor  has selected the path  and 0 otherwise and  the total number of neighbors of agent .

Where  is the cost of choosing the pathway  at  for agent , drawn from a symmetric triangular distribution except for the reusing pathway where prices of used modules (, the price at which installer  is selling the used modules on the second-hand market and  its margin) are normally distributed and landfill pathway where the cost is drawn randomly from existing landfill costs. As paths are Booleans, the path chosen by agent  at time  is assigned the value 1 (True) while the other pathways are assigned the value 0 (False) (see Supplementary Figure 14):

	18
18
18
 $/module19
= -, see Supplementary Figure 20 (negative as it is a source of revenue)
 $/module20
: see Supplementary Table 8
 $/module (assumption on cost spanning between being free and the cost to lease storage space21)
 (calibrated)
 (calibrated)
14

	Volume of PV modules being reused (secondary market model) [S6]
	

 is the volume of modules available for sales on the secondary market from installer  at time ,  is the modules repair rate,  and  are the volume of modules flowing from the PV owner  and recycler  at time  respectively, ,  are the repair costs of modules from PV owner  and recycler  at time  respectively,  is the price at which agent  is selling the used modules on the second-hand market at ,  is the volume of used modules handled by installer  that is being reused at time  which depends on the demand for used modules from PV owners (),  is a boolean being 1 when the PV owner  purchases a used module at . The modules that are not sold are disposed of according to the theory of planned behavior with  (purely economic decision) (see Supplementary Figures 15 and 16).
	19
 see Supplementary Figure 20
 $/module19
 $/module19

	Learning effect of installers and recyclers [S7]
	
 is the repairing cost of installer or recycler  at time ,  is the initial repairing cost of agent  (at the beginning of the simulation),  is the amount of used or recycled modules handled by agent  at the beginning of the simulation (in kg),  is the amount of used or recycled modules handled by agent  at  (in kg), and  is the scale factor (see Supplementary Figures 15 and 16).
	 for installers22
 for recyclers23
 $/module20

	Material recovery from recyclers (total mass) [S8]
	
 is the total mass of recovered materials from recyclers (in kg),  is the mass fraction of material  in PV modules,  is the recovery fraction of material  with the recycling process  (see Supplementary Figure 16).
	4
5,24
25

	Manufacturing waste generation [S9]
	
 is the amount of manufacturing waste of material  generated by PV manufacturers at time  (in kg) and  is the rate of manufacturing waste for material  (see Supplementary Figure 17).
	5,24


	Installers’ net income [S10]
	
 is the installer’s  net income at time   is defined as the weighted average repair costs:

	

	Recyclers’ net income [S11]
	
 is the recycler’s  net income at time  , is the price of secondary material , and is drawn from a symmetric triangular distribution.
	 $/kg26-29

	Manufacturers’ net income [S12]
	
 is the manufacturer’s  net income at time  , is the price of virgin material , and is drawn from a symmetric triangular distribution.
	 $/kg26-28,30,31

	ABM scheduler
	In the ABM approach, a system is described by a set of functions involving  state variables (of which, one or several state variables may define an agent) such as32:

Where  ( ) denotes all the possible states for all the state variables , and for all ,  is a function (for agents, called behavioral rule) that updates the state variable  such as . Dynamics are generated by iterations of . In our ABM, iterations of  are generated with the scheduler from the python library Mesa33 according to the algorithm below:
Input:       , 
Output:    , 
1:   for r=0 to E do
2:      select concerned agent type T
3:      for a=0 to card(T) do
4:         Er
5:   for t=0 to steps do
6:      for q=0 to S do
7:      select concerned agent type T
8:         for a=0 to card(T) do
9:            Sq
10:  return , 
Where Er or Sq is one of the submodels above (e.g., for q=5, S5 is the End of life decision (theory of planned behavior) submodel)
	steps =30
E=4
S=13
T  
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Supplementary Figure 2: Average fractions of EOL PV modules in each EOL pathway in 2050 as a function of the number of replicates. After 25 simulations, the average fractions do not vary with the number of replicates; thus, 30 replicates are deemed sufficient to account for the model’s stochasticity.

Supplementary Table 2: Shares of PV modules in the ABM five EOL pathways in 2050, according to the scenarios of Figure 1 in the manuscript. *Although landfill is not a pathway available for PV owners, manufacturing waste from manufacturers is still assumed to be landfilled.
	Scenario
	% Repair
	% Reuse
	% Recycle
	% Landfill
	% Storage

	a) Landfill ban
	0.2
	2.6
	91.4
	1.6*
	4.2

	b) High material recovery (96%) & $18/module
	0.0
	1.7
	52.2
	41.9
	4.2

	c) Lower recycling costs ($18/module)
	0.0
	1.7
	44.2
	49.8
	4.3

	d) Higher landfill costs ($2.75/module)
	0.9
	1.8
	40.5
	48.3
	8.5

	e) Improved lifetime (from 30 to 60 years in 2050)
	0.1
	1.8
	0.7
	91.9
	5.5

	f) Improved learning effect (learning parameter = 0.6)
	0.2
	1.4
	19.1
	74.0
	5.3

	g) Reuse warranties (equal new/used attitude)
	0.0
	22.6
	0.0
	77.2
	0.2

	h) Seeding reuse (5% of population)
	0.9
	6.9
	4.7
	78.0
	9.5

	i) Baseline
	0.2
	1.2
	7.7
	85.1
	5.8
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[bookmark: _Hlk49031757]Supplementary Figure 3: Percentage of material mass from EOL PV modules recovered. Reuse and recycling are limited in the baseline and improved lifetime and learning effect scenarios. Reuse is higher in the improved warranties and the seeding of used modules scenarios but still limited by technical (only 55% of modules can be repaired) and economic (repair costs are between $23/module and $106/module) factors. Finally, recycling is substantial when initial recycling costs are about 66% lower than in the baseline scenario ($18/module instead of $27.5/module), when landfill costs are doubled, and in the landfill ban scenario.
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[bookmark: _Hlk49034208]Supplementary Figure 4: Value recovered from circular end-of-life pathways. Reuse creates more value as used modules can be sold for about 40% of their original price. (While materials are, at best, sold at the price of their virgin counterpart – leaving out the value-added from PV manufacturing). A higher total material recovery fraction that recovers silver and silicon also creates more value, doubling the total recovered value when initial recycling costs are $18/module.
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Supplementary Figure 5: Cumulative materials from end-of-life PV modules (million tonnes) and cumulative installed PV capacity (GW) for the calibrated model (baseline scenario). The cumulative materials from EOL PV modules and PV capacity match with the literature4. In the baseline scenario, recycling is not profitable, with recyclers’ net income of -$0.21/kg and cumulative net income of   -160 million $ in 2050.
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Supplementary Figure 6: Manufacturing waste recycling. a) Baseline scenario, manufacturing waste is landfilled. b) Same as the baseline scenario, but manufacturing waste is recycled. c) Cadmium-Telluride PV modules case, manufacturing waste is landfilled. d) Same as the Cadmium-Telluride PV modules case, but manufacturing waste is recycled. Recycling manufacturing waste could generate economic benefits for manufacturers by eclipsing some of the costs related to purchasing raw materials. Recycling manufacturing waste avoids about 300 million $ and 0.8 million $ for the baseline and the Cadmium-Telluride PV modules case. For both the baseline and the Cadmium-Telluride PV modules case, manufacturing waste recycling means that recyclers become profitable (see the secondary axes of the Figure). It is worth noting that the material recycling rate is higher in the Cadmium-Telluride PV modules case due to an already existing infrastructure and past US voluntary enhanced producer responsibility programs34. Overall, the co-location of manufacturing sites and recycling facilities may help facilitate recycling and reduce manufacturing waste. (Parameters’ values and source for the Cadmium-Telluride PV modules case are reported in Supplementary Table 9.)
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Supplementary Figure 7: Recycling costs and recycling rate as a function of time for two initial recycling costs. The recycling costs are expressed in $/kg.
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Supplementary Figure 8: A “seeding” strategy where 10% of PV owners pay a lower initial recycling fee ($18/module) enhances the material recycling rate to 21%.


Supplementary Table 3: First-order sensitivity indices obtained from the variance-based (or Sobol) sensitivity analysis and moment independent sensitivity analysis for three output metrics: the fraction of modules in CE pathways, the fraction of modules recycled, the fraction of modules being reused, and the societal costs. NS means “Non-Significant”. Societal costs are computed as:

	
	Fraction of modules in CE pathways
	Fraction recycled
	Fraction reused
	Societal costs

	
	Sobol first-order sensitivity indices (and confidence interval)

	Technical factors
	Material recovery fraction
	NS
	NS
	NS
	NS

	
	Learning effect
	0.037 (+/- 0.013)
	0.042 (+/- 0.014)
	NS
	NS

	Economic factors
	Initial recycling costs
	0.479 (+/- 0.029)
	0.334 (+/- 0.028)
	0.079 (+/- 0.013)
	0.094 (+/- 0.015)

	
	Landfill costs
	0.325 (+/- 0.026)
	0.119 (+/- 0.017)
	0.142 (+/- 0.017)
	0.210 (+/- 0.020)

	Social factors
	Attitude toward reuse
	0.011 (+/- 0.009)
	0.217 (+/- 0.028)
	0.657 (+/- 0.028)
	0.565 (+/- 0.027)

	
	Number of recycling facilities
	NS
	NS
	NS
	NS

	
	Moment independent sensitivity indices (and confidence interval)

	Technical factors
	Material recovery fraction
	NS
	NS
	NS
	0.057 (+/- 0.002)

	
	Learning effect
	0.088 (+/- 0.002)
	0.175 (+/- 0.002)
	0.079 (+/- 0.002)
	0.065 (+/- 0.002)

	Economic factors
	Initial recycling costs
	0.327 (+/- 0.003)
	0.303 (+/- 0.003)
	0.196 (+/- 0.002)
	0.178 (+/- 0.002)

	
	Landfill costs
	0.262 (+/- 0.003)
	0.219 (+/- 0.003)
	0.193 (+/- 0.002)
	0.207 (+/- 0.003)

	Social factors
	Attitude toward reuse
	0.169 (+/- 0.002)
	0.212 (+/- 0.002)
	0.496 (+/- 0.003)
	0.322 (+/- 0.002)

	
	Number of recycling facilities
	0.063 (+/- 0.001)
	0.152 (+/- 0.002)
	0.078 (+/- 0.002)
	NS



[bookmark: _Hlk49338510]Supplementary Table 4: Percentage of second-order interactions linked to the initial recycling costs for the fraction of modules in CE pathways metric.
	Second-order interactions
	Percentage of second-order interactions

	Initial recycling costs - Material recovery fraction
	2.7%

	Initial recycling costs - Number of recycling facilities
	4.2%

	Initial recycling costs - Landfill costs
	40.4%

	Initial recycling costs - Attitude toward reuse
	28.9%

	Initial recycling costs - Learning effect
	23.7%



[image: ]
Supplementary Figure 9: The Figure shows parameter importance for the recycling of EOL PV modules in the ABM. The y-axis shows the first and total order Sobol indices on the effect of a parameter on EOL PV modules circularity. Error bars represent the 95% confidence interval.
[image: ]
Supplementary Figure 10: The Figure shows parameter importance for the reuse of EOL PV modules in the ABM. The y-axis shows the first and total order Sobol indices on the effect of a parameter on EOL PV modules circularity. Error bars represent the 95% confidence interval.


[image: ]
Supplementary Figure 11: The Figure shows parameter importance for the societal costs in the ABM. The y-axis shows the first and total order Sobol indices on the effect of a parameter on EOL PV modules circularity. Error bars represent the 95% confidence interval.
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Supplementary Figure 12: Effect of the initial recycling costs (x-axis) and the attitude toward used modules (y-axis) on different output metrics: a) material circularity rate, b) recycling rate, c) reuse rate, and d) societal costs (negative costs indicate economic benefits for the PV stakeholders (installers, recyclers, and manufacturers)). Societal costs are computed as:

Note that the left boundary of the -6000 “pocket” in d) may be an artifact due to the use of the machine learning metamodel.
[image: ]
Supplementary Figure 13: Effect of the initial recycling costs (x-axis) and the landfill costs (y-axis) on different output metrics: a) material circularity rate, b) recycling rate, c) reuse rate, and d) societal costs (negative costs indicate economic benefits for the PV stakeholders (installers, recyclers, and manufacturers)). Societal costs are computed as:

Note that the right boundary of the 0 “pocket” in d) and the lower material recycling rate than the material circularity rate in b) may be artifacts due to the use of the machine learning metamodel.



Supplementary Table 5: Selected results of an experimental design (76) with parameters bounds of:
 
  
(and thus, the samples are uniformly distributed between those bounds). Combining low recycling costs, high landfill costs, and high learning effect yields the best result when first maximizing material circularity and then social costs (first ten best results shown in this Table).
	Number of recycling facilities
	Initial recycling costs
	Landfill costs
	Attitude toward used modules
	Learning effect parameter
	Material circularity (%)
	Social costs (million $)

	16
	0
	2.76
	0
	0.6
	90.055
	2341.205

	16
	0
	2.76
	1
	0.6
	90.035
	6222.129

	16
	0
	2.76
	1
	0.6
	90.032
	5175.835

	16
	0
	2.76
	0
	0.6
	90.023
	2612.241

	96
	0
	2.76
	1
	0.6
	90.007
	5800.942

	16
	0
	2.76
	1
	0.6
	89.999
	5791.756

	29
	0
	2.76
	1
	0.6
	89.99
	6151.545

	16
	0
	2.76
	1
	0.6
	89.989
	5064.403

	16
	0
	2.76
	0
	0.6
	89.984
	2949.788

	29
	0
	2.76
	0
	0.6
	89.979
	2452.926






Supplementary Table 6: Shares of PV modules in the ABM five EOL pathways in 2050, according to the baseline and several extreme scenarios. *Although landfill is not a pathway available for PV owners, manufacturing waste from manufacturers is still assumed to be landfilled. **PV modules are assumed to be reused only once; thus, after their second life, PV modules are discarded in other pathways than the repair and reuse pathways (landfilled in this scenario).
	Scenario
	% Repair
	% Reuse
	% Recycle
	% Landfill
	% Storage

	Baseline
	0.2
	1.2
	9.5
	83.3
	5.8

	CE pathways unavailable
	0.0
	0.0
	0.0
	99.4
	0.6

	Landfill ban
	0.2
	2.6
	91.4
	1.6*
	4.2

	No attitude and peer effect (EOL decisions)
	0.0
	0.7
	0.0
	79.5
	19.8

	No economic effect
	4.0
	1.6
	55.7
	38.5
	0.2

	No reuse threshold, low repair costs, no attitude and peer effect (purchase and EOL decisions)
	0.0
	89.1
	0.0
	10.9**
	0.0

	No learning effect
	0.3
	1.2
	0.1
	93.0
	5.4




Supplementary Table 7: Machine learning coefficient of determination (R2) in 10-fold cross-validation for different machine learning algorithms and output metrics. The multilayer perceptron regressor algorithm (neural network) yields the best coefficient of determination for all output metrics except for the reuse rate. The multilayer perceptron regressor algorithm was kept to generate data for Figure 5 and Figure 6 of the main manuscript as well as for Supplementary Figures 9-13 and Supplementary Tables 3-5.
	
	Average R2 in the 10-fold cross-validation
	Standard deviation R2 in the 10 cross-validation

	Material circularity

	Random forest
	0.87
	0.05

	Support vector machine
	0.92
	0.02

	Neural network
	0.95
	0.02

	K-nearest neighbors
	0.84
	0.06

	Recycling rate

	Random forest
	0.79
	0.08

	Support vector machine
	0.88
	0.04

	Neural network
	0.94
	0.03

	K-nearest neighbors
	0.78
	0.08

	Reuse rate

	Random forest
	0.97
	0.009

	Support vector machine
	0.81
	0.04

	Neural network
	0.92
	0.02

	K-nearest neighbors
	0.83
	0.04

	Societal costs

	Random forest
	0.92
	0.02

	Support vector machine
	0.88
	0.03

	Neural network
	0.93
	0.08

	K-nearest neighbors
	0.78
	0.04
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Supplementary Figure 14: PV owner’s decision tree.
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Supplementary Figure 15: Installer’s decision tree.
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Supplementary Figure 16: Recycler’s decision tree.
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Supplementary Figure 17: Manufacturer’s decision tree.
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Supplementary Figure 18: Small world network of 100 PV owners () as a conceptual representation of the actual network of 1000 PV owners used in the model (for the latter ()). At the beginning of the simulations, most agents are landfilling (red dots) or storing (grey dots), while a few have already adopted circular behaviors (green dots)
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Supplementary Figure 19: The contiguous US represented as a simplified graph where the states are the nodes (only some of them labeled) and the edges the distance (in km) between two neighboring states (only some of them labeled), which are assumed to be the sum of half the square roots of the surfaces of these two neighboring states.


Supplementary Table 8: Landfill costs in the contiguous United States (data for Vermont, Connecticut, and Massachusetts were not available)35
	State
	$/module
	State
	$/module

	Washington
	2.1
	Minnesota
	1.5

	Nevada
	1.7
	Missouri
	1.5

	Oregon
	1.7
	Illinois
	1.2

	Idaho
	1.6
	Iowa
	1.1

	California
	1.3
	Indiana
	1.1

	Arizona
	1.0
	Ohio
	1.0

	Rhode Island
	2.6
	Michigan
	1.0

	Delaware
	2.0
	Kansas
	0.9

	New Jersey
	1.9
	Nebraska
	0.9

	Maine
	1.8
	Florida
	1.3

	New Hampshire
	1.7
	Tennessee
	1.2

	Maryland
	1.6
	Georgia
	1.1

	New York
	1.6
	South Carolina
	1.0

	Pennsylvania
	1.6
	North Carolina
	1.0

	Virginia
	1.2
	Mississippi
	0.9

	West Virginia
	1.2
	Alabama
	0.8

	Wyoming
	1.8
	Kentucky
	0.7

	Colorado
	1.5
	Oklahoma
	1.2

	Montana
	1.2
	Arkansas
	0.9

	South Dakota
	1.2
	Texas
	0.9

	North Dakota
	1.1
	New Mexico
	0.9

	Utah
	0.8
	Louisiana
	0.8

	Wisconsin
	1.5
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Supplementary Figure 20: Truncated normal distribution of the ratio between the price for used modules (numerator) and the price for new modules (denominator) used in the theory of planned behavior submodel (for ). Parameters of the probability density function: Mean = 0.36, Standard Deviation = 0.2, Lower Bound =0.11, Upper Bound =1.14. The distribution and its parameters were inferred from primary data and the literature. Primary data for used module prices were collected from KinectSolar.com, EnergyBin.com, and GreatSolarPanels.com (112 data points) (see Supplementary File 2), and new module prices were determined using exponential regression and data from36. The exponential function parameters are: 1 $/Wp for the intercept and 0.04 year-1 for the regression coefficient. Finally,  is determined by multiplying the used/new price ratio with the price of new modules at time .

Supplementary Table 9: Parameters’ values and sources that are different in the Cadmium-Telluride PV modules case from the Baseline scenario. (See Supplementary Table 1 for the parameters’ definitions).
	Parameter
	Parameter values (source)

	Number of recycler agents
	37

	Recycling facility location
	 (1 recycler in 1 state: Ohio37)

	Installed capacity
	 MWp4 (cumulative installed capacity of Cadmium-Telluride PV in 2020)

	Efficiency growth
	 kg/Wp37

	Waste generation
	New modules:
 years37
4

	Costs and learning parameter
	/module38,39, 38

	Mass & recovery fractions
	4
5,24,40

	Manufacturing waste
	41

	Secondary and virgin materials prices
	Secondary materials:
 $/kg26-29 
Virgin materials:
 $/kg26-28,30,31
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