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The rapid expansion of photovoltaic (PV) deployment in the European Union (EU) is expected to result in a
substantial increase in end-of-life (EoL) PV waste over the coming decades. This study estimates future crystalline
silicon (c-Si) PV waste generation by considering PV deployment, c-Si market share, dynamic mass-to-power
ratio, and Regular Loss (RL) and EU-WEEE scenarios. In addition, key factors associated with EoL PV manage-
ment, including collection, reuse, recovery, and refining are incorporated into the estimation of EoL c-Si PV
waste generation and secondary silicon recovery to minimize potential overestimation. According to the esti-
mates, net cumulative EoL ¢-Si PV waste in the EU is projected to reach approximately 3.63 and 6.92 Mt by 2040,
resulting in 71.4 and 125.8 kt of secondary silicon under the RL and EU-WEEE scenarios. This recovered silicon
has the potential to support the manufacturing of a significant PV capacity in the upcoming years. A sensitivity
analysis was performed using the EU-WEEE scenario estimates as the baseline. The results indicate that net
cumulative EoL ¢-Si PV waste ranges from 5.6 to 8.3 Mt due to variations in Weibull parameters, collection
efficiency, and reuse efficiency, while secondary silicon production ranges from 83.1 to 167 kt due to variations
in recovery and refining yields. By integrating failure scenarios with key EoL management factors, this study
presents a robust framework along with updating pathways for improving waste estimation accuracy and sup-

porting more efficient waste management practices.

1. Introduction

The global drive towards carbon neutrality is accelerating photo-
voltaic (PV) installations worldwide [1]. It is estimated that there will be
roughly more than 10 solar panels for every human being in the world
by 2050 [2,3]. The European Union (EU) successfully achieved its 2025
solar deployment milestone of 400 GW of installed capacity [4]. The EU
aims to reach approximately 750 GW of installed PV capacity by 2030.
However, the recent projections by Solar Power Europe indicate that the
EU is likely to reach 718 GW solar target by 2030 under current con-
ditions [4]. On the other hand, the projection of Joint Research Centre
(JRC)/POTEnCIA CETO 2025 (POTEnCIA (Policy Oriented Tool for
Energy and Climate Change Impact Assessment) CETO (Clean Energy
Technology Observatory) indicates that the installed PV capacity in the
EU is expected to reach 798 GW by 2030 and increase further to 2.3 TW
by 2050 in the long-term outlook [5]. This anticipated growth in PV

installations highlights their important role in the energy transition and
emphasizes the need for improved strategies to manage associated ma-
terial demand and the growing accumulation of End-of-life photovoltaic
(EoL-PV) waste. Although the EoL-PV waste is currently low, the EU is
expected to face a significant increase in PV waste over the next 20-30
years [6]. To address this challenge, circular economy pathways offer
a simple approach, which not only ensures efficient handling of EoL PV
modules but also helps offset some raw material needs [7]. PV modules
are durable and guaranteed by the manufacturer for 25 to 35 years. Due
to the long service life of PV products, dedicated infrastructure for EoL
management is still underway and not yet fully established. It is reported
that, in 2022, approximately 0.05 Mt of PV modules were officially
collected under the WEEE (Waste Electrical and Electronic) Directive,
although the actual decommissioned volume is likely higher due to
unquantified exports and informal handling practices [8]. The profit-
ability threshold for the sustainable PV modules recycling sector in the
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EU member states is reported to be 19000 tonnes/year [9]. Therefore,
understanding future EoL-PV waste generation is essential for planning
effective recycling, and material recovery strategies [10].

Focusing on the EU27, only a limited number of studies and reports
are currently available on the estimation of future EoL PV waste gen-
eration. Czajkowski et al., in 2022 reported that cumulative PV waste
generation in the EU could exceed 33 million tonnes (Mt) by 2050, based
on a projected cumulative installed PV capacity of 309.67 GW by 2025, a
fixed module lifetime of 25 years and a constant mass-to-power ratio
[11]. Whereas using probability-based failure scenarios (Early Loss (EL),
Regular Loss (RL), and the scenario proposed by European Union Waste
Electrical and Electronic Equipment (EU-WEEE)), Kastanaki et al., in
2022 estimated 14.3-18.5 Mt of total PV waste in the EU-27 by 2050
based on the then-current NECP target of 338.9 GW by 2030. Under the
RL scenario, c-Si type modules were projected to account for the ma-
jority of the waste stream (10.85 Mt of 14.3 Mt), followed by CdTe
modules (0.96 Mt) and other technologies [6]. The relatively high
contribution of non-c-Si technologies was due to the assumed declining
c-Si market share over time. However, the NECP target was subse-
quently updated in 2023, projecting cumulative PV deployment in the
EU-27 to reach 624 GW by 2030 and approximately 1116 GW by 2040,
while c-Si technology has remained the dominant PV technology to date.
Based on the updated NECP target, Kastanaki in 2025 [12] estimated
that the EU will generate approximately 5.0, 8.2, and 9.8 Mt of EoL c-Si
type PV waste by 2040, increasing to 15.0, 17.4, and 21.7 Mt by 2050
under the RL, EL, and EU-WEEE scenarios, respectively. Assuming high
c-Si market penetration, Foster et al. reported that recoverable silicon
from EoL c-Si PV modules in the EU would amount to 0.20-0.45 Mt by
2040 and increase to 0.54-1.10 Mt by 2050, based on a recycling yield of
51% [13].

While previous studies report PV waste estimates based on earlier
NECP targets, EU deployment targets are continuously evolving, with
policies revised regularly in response to changing geopolitical and en-
ergy security conditions. The present study evaluates EoL c-Si PV waste
generation in the context of the EU's projected 750 GW PV deployment
target by 2030, incorporating key factors such as collection, reuse, re-
covery, and refining. Focusing on c-Si type PV, it assesses EoL module
accumulation under two waste generation scenarios such as RL and
EUWEEE loss scenarios. As the c¢-Si PV remains the dominant PV tech-
nology globally, it accounts for approximately 385 GW of the total
installed PV capacity of 406 GW as of 2025. Being on the EU's list of
Critical Raw Material (CRM), special attention is given to the primary
and secondary resources for silicon production [14]. Focusing on c-Si PV
modules, this study quantifies EoL c-Si PV waste generation and the
resulting secondary silicon supply over time and evaluates its potential
role in supporting the European PV manufacturing industry. To account
for uncertainties in key assumptions, a sensitivity analysis is conducted
to assess the influence of parameters such as Weibull distribution,
collection, reuse, and recovery efficiencies on EoL c-Si PV waste gen-
eration and secondary silicon recovery. To keep the EoL c-Si PV esti-
mation relevant according to the future deployments and fluctuations in
the market share and improvements in the circularity practices, an
interactive dashboard has been developed to facilitate periodic updates.

2. Methodology

Fig. 1 illustrates the research methodology used in this study. The
deployment of c-Si type PV modules was estimated using annual PV
deployment data and the c-Si market share. The weight of the c-Si PV
modules was calculated using dynamic power-to-mass (GW-to-tonnes)
ratio. EoL c-Si PV waste accumulation was estimated under two sce-
narios such as RL scenario and EU-WEEE scenario. The amount of EoL
modules reaching recycling cite for recycling process was estimated by
considering collection efficiency and reuse practices. The availability of
secondary silicon from EoL PV modules was calculated by taking re-
covery and refining efficiencies into account. The following sub-sections
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Fig. 1. Methodology for calculating EoL-PV waste and silicon from those waste
step by step.

provide details of the data and assumptions used for the estimation of
EoL-PV waste.

2.1. Data on PV deployment in the EU

Historical PV module deployment data were obtained from Ref. [11]
for the period 1996-2021 and from Ref. [4] for 2021-2025. The cor-
responding annual PV deployment in the EU is presented in the Al
(Appendix). The projected cumulative installations in the EU by 2030
are assumed to reach 750 GW, in line with the EU's target. Accordingly,
an average annual installation of 68.8 GW is considered between 2026
and 2030.

2.2. Share of c-Si PV installations

Historical market share data for c-Si PV modules were obtained from
the Fraunhofer ISE, Photovoltaics Report [13,15]. The near future
market share (2026-2030) is assumed to remain constant at 98% based
on the high silicon penetration scenario (HSS) reported by the JRC [13].
The corresponding c-Si PV market share data are presented in the A2
(Appendix).

2.3. Power-to-mass ratio (MW to tonnes)

In the late 1990s, the weight of the PV modules exceeded 100 tonnes
per MW. Due to continuous improvements in c-Si PV technology, such as
higher cell efficiencies, reduced material use, and advancements in
manufacturing, the power-to-mass ratio of the PV modules has steadily
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decreased [16].

The power-to-mass ratio used in this study to estimate EoL c-Si PV
waste is derived from Ovaitt et al. (2021) where thin-film technologies
were excluded, and module weight was estimated using dynamic ma-
terial composition data that captured technological advancements and
changes in material use over time (e.g., the transition from glass-
-backsheet to glass-glass modules and reductions in wafer thickness)
[17]. To validate the recent mass to weight ratios, the data derived from
Vicari Stefani et al. [18] was compared with values reported by Ovaitt
et al. and the results of this validation are presented in Table T1 (Ap-
pendix). The root-mean-square error ranges from 3.37% to 10.25% over
the 2020-2025 period, indicating generally good agreement between
the values reported by Ovaitt et al. and the values derived from Vicari
Stefani et al. Fig. 2 shows the power-to-mass ratio over time, comparing
the Ovaitt et al. model (used in this study for EOL estimation) and data
from Vicari Stefani et al.

Similar to the reduction in PV module weight per MW, the amount of
silicon required per MW also has decreased over time due to reduction in
wafer thickness and improvement in cell efficiency [19,20]. The silicon
mass per watt of c-Si PV modules from 1996 to 2020 was estimated using
data from Ovaitt et al. (2021), which accounts for the
market-share-weighted mix of module technologies (e.g., glass-glass
and glass-backsheet modules) and material efficiency improvements (e.
g., thinner silicon wafers) [17]. From 2020 to 2030, the average silicon
mass per watt of c-Si PV modules was estimated by considering c-Si PV
cell technologies such as TOPCon, PERC, HJT, along with their respec-
tive cell efficiencies, wafer thickness, and market shares, based on
IRTPV [21] and Polysilicon market outlook reports [22], as summarized
in table T2 (Appendix). Additionally, a 3% efficiency loss from cell to
module level has been incorporated to obtain module-level silicon in-
tensity (g/W). Fig. 3 shows the dynamic silicon mass per watt of c-Si PV
modules over time. Data for the period 1996-2020 were derived from
Ovaitt et al. (2021), while values for 2021-2030 were estimated in this
study.

2.4. PV lifespan — regular loss (RL) scenario and EU-WEEE scenario
This study considers two lifetime distribution models, RL scenario

and EU-WEEE scenario (according to the EU WEEE directive). Both the
scenarios are modelled using the Weibull function (Equation (1))
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Fig. 2. Power-to-mass ratio over time, comparing the Ovaitt et al. (2021)
model (used in this study for EOL estimation) and the data from Vicari Stefani
et al. (2026).
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Fig. 3. Silicon mass per watt of c-Si PV modules: historical values (1996-2020)
from Ovaitt et al. and projections (2020-2030) based on technology trends and
market share data.

Where t is lifetime of the panel in years, a and f are the shape factors.
The failure probability curve is governed by the shape factors a (RL —
5.3759, EU-WEEE - 3.50) and g (RL — 30, EU-WEEE - 25) [6,23]. The
corresponding failure probability curves are shown in Fig. 4.

According to RL scenario, 0.3%, 11%, 63% and 99% of the installed
modules are expected to reach their EoL stage at their 10, 20, 30 and
40th year. In contrast, under the EU-WEEE scenario, 4%, 37%, 85% and
99% of the installed modules are projected to reach their EoL state at the
same ages. As premature failures are not considered, the RL scenario
assumes limited early retirement, with only about 11% of PV modules
reaching the EoL stage within 20 years of installation, whereas the EU-
WEEE scenario predicts a higher failure rate of approximately 37%
within the same period. For example, in a 1 GW c-Si PV plant, the RL
scenario indicates that 3 MW, 110 MW, 630 MW, and 990 MW modules
would reach EoL after 10, 20, 30, and 40 years, respectively. In com-
parison, the EU-WEEE scenario projects 40 MW, 370 MW, 850 MW, and
990 MW over the same time intervals.

Notably, modules installed in 2030 would be only 10 years old by
2040, with failure probabilities of approximately 0.3% and 4% under
the RL and EU-WEEE scenarios, respectively. As the installations beyond
2030 have a negligible impact on EoL generation up to 2040, this study
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Fig. 4. Shape functions of PV module failure probability: RL and EU-
WEEE Scenarios.
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considers installation data only up to 2030 to avoid uncertainties asso-
ciated with future installations.

2.5. Collection efficiency and reuse practice

Section 3.1 presents the total accumulation of EoL c-Si PV waste
without considering the collection efficiencies and reuse practices,
thereby reflecting the gross EoL c-Si PV waste generation. In contrast,
section 3.2 incorporates collection and reuse factors. This baseline
estimation assumes a collection efficiency of 85%, and that 50% of
collected EoL modules younger than 15 years are refurbished for second-
life use. These refurbished modules are assumed to be either exported
outside the EU or reused within the EU, with the latter re-entering the
EoL stream after 2040. Thus, they are excluded from the EoL waste
calculations for the period 2020-2040.

2.6. Recovery and refining efficiencies of silicon from EoL PV modules

The EoL c-Si PV modules are recycled using various technologies,
including mechanical, pyrolysis, and chemical processes. The efficiency
of silicon recovery varies depending on the recycling route employed. In
this study, the recoverable amount of silicon is estimated assuming a
recovery rate of 75%. Furthermore, the subsequent refining of the
recovered silicon to polysilicon grade is assumed to occur with an effi-
ciency of 75%.

2.7. Parameters for sensitivity analysis

For the sensitivity analysis of EoL c-Si PV waste estimation, three
different sets of Weibull parameters EU-WEEE low (alpha = 3,
beta = 23), EU_WEEE _base/EU-WEEE (alpha = 3.5, beta = 25), and EU-
WEEE _high (alpha = 4, beta = 27) were used to represent different
failure behaviors of the PV modules. In addition, collection efficiency
varied between 70%, 85%, and 100% to reflect low, medium, and high
collection performance, respectively. Reuse efficiency was also tested at
25%, 50% and 75% (<15-year-old modules) to account for different
assumptions regarding the share of modules that can be reused.

Similarly, for the sensitivity analysis of silicon availability, recovery
efficiencies of 50%, 75%, and 100% were considered to represent low,
medium, and high levels of material recovery from recycled PV modules.
Refining efficiencies of 65%, 75%, and 85% were assumed to reflect
variations in the conversion of recovered silicon to polysilicon grade. In
all cases, the intermediate values represent the baseline (medium) sce-
nario, and the corresponding results are used in the results and discus-
sion section.

3. Results and discussion
3.1. Gross EoL generation of c-Si PV modules in the EU up to 2040

Based on historical (1996-2025) and projected (2026-2030) PV in-
stallations in the EU, together with the market share of c-Si technology,
approximately 725 GW of the total 750 GW installed capacity by 2030 is
estimated to consist of c-Si type PV modules. This corresponds to a cu-
mulative mass of about 41.28 million tonnes (Mt), estimated using a
time-varying power-to-mass ratio. Based on both loss scenarios, all
41.28 Mt of modules enter the EoL stage once they exceed 40 years of
age. However, over the next 15 years (up to 2040), only a portion of this
total reaches EoL, as older modules approach 40 years while newer ones
remain relatively young.

In this section, the gross cumulative EoL c-Si PV waste is estimated
for the period 2020 to 2040 without considering collection efficiency or
reuse factors. Under the RL and EU-WEEE scenarios, when considered as
the lower and upper bounds of waste generation, respectively, gross
cumulative EoL PV waste is projected to reach approximately
0.05-0.40 Mt in 2022, increasing to 0.61-2.32 Mt by 2030,
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1.89-5.32 Mt by 2035, and 4.63-10.63 Mt by 2040. These results are
illustrated in Fig. 5, which shows the gross cumulative EoL c-Si PV waste
generation over the period 2020-2040, while the corresponding gross
annual EoL c-Si PV waste generation is presented in Fig. A3 (Appendix).
Approximately 11% and 25% of the total installed modules by 2030
(41.28 Mt) are projected to reach the EoL stage by 2040 under the RL
and EU-WEEE scenarios, respectively. From this gross EoL PV waste, the
amount available for recycling depends on the efficiency of collection
and the share of modules refurbished for the reuse. These aspects are
discussed in the following section.

3.2. Net EoL generation of c-Si PV modules in the EU up to 2040
(including collection and second-life use)

According to the WEEE Directive, EoL PV modules are classified as
electronic waste and are required to meet a collection target of 85%.
Accordingly, a collection efficiency of 85% is assumed in the net EoL c-Si
PV estimation. Regarding reuse, it is reported that up to 80% of PV
modules may enter the waste stream before reaching their designed
service life due to defects during manufacturing, transportation, or early
operation, of which approximately half may still be suitable for reuse
[8]. And based on insights from industry practitioners on second-life
applications, refurbished PV modules are expected to have a minimum
lifetime of approximately 10 years when resold for reuse. Given the
limited availability of data on PV module reuse in the EU, 50% of
collected EoL modules younger than 15 years in the gross EoL stream are
assumed to be refurbished for baseline calculations. Hence, this reuse
stream is not included in the net EoL waste estimations for the period
2020-2040. Based on these assumptions and the RL and EU-WEEE
scenarios (when considered as the lower and upper bounds of waste
generation), the net cumulative EoL PV waste is projected to reach
approximately 0.03-0.18 Mt by 2022, increasing to 0.45-1.43 Mt by
2030, 1.47-3.40 Mt by 2035, and 3.63-6.92 Mt by 2040. These results
are illustrated in Fig. 6 which shows net cumulative EoL c-Si PV waste
generation over the period 2020-2040, while the corresponding net
annual EoL c-Si PV waste generation is presented in Fig. A4 (Appendix).
Accordingly, the net cumulative EoL PV waste available for recycling is
approximately 22 and 35% lower than the corresponding gross estimate
for 2040 under the RL and EU-WEEE scenarios.

3.3. Availability of secondary silicon from the EoL c-Si PV modules

At EoL PV recycling sites, silicon and other materials are first
recovered and subsequently refined using appropriate hydro- or pyro-
metallurgical routes for valorization [24]. For instance, high-pressure
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Fig. 5. Gross cumulative EoL c-Si PV waste under RL and EU-WEEE scenarios
from 2020 to 2040 in the EU.
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water-jet delamination, an advanced recycling technique, is employed
to mechanically separate laminated module layers, after which the
recovered materials are further segregated and refined through appro-
priate chemical routes [25]. In this study, a recovery rate of 75% and a
refining yield of 75% are assumed in estimating the quantity of sec-
ondary silicon from net EoL c-Si PV waste. Hence, the overall recycling
yield of approximately 56%, which is close to values reported in liter-
ature [12,17]. Fig. 7 illustrates the cumulative secondary silicon from
the net EoL c-Si PV waste from 2020 to 2040, while the corresponding
annual secondary silicon distribution for the same period is provided in
Fig. A5 (Appendix). The cumulative amount of secondary silicon from
the c-Si PV waste is estimated to be approximately 9.6 and 29.5 kt by
2030, 30.4 and 66.4 kt by 2035 and 71.4 and 125.8 kt by 2040 under the
RL and EU-WEEE scenarios.

Refined silicon of sufficiently high purity can be used for mono-
crystalline ingot growth and subsequently applied in PV applications,
either directly or blended with polysilicon. Currently, the average pol-
ysilicon consumption is approximately 2 tonnes per MW [22,26]. Pol-
ysilicon consumption varies depending on cell technology and has
declined and is expected to further decline over time due to techno-
logical advancements [27]. However, assuming a specific polysilicon
consumption of 2 tonnes per MW based on current trends, approxi-
mately 35.6-62.9 GW of PV capacity could be manufactured using the
cumulative secondary silicon from EoL c-Si PV by 2040. Fig. 8 illustrates
the annual PV capacity that can be generated from secondary silicon
recovered from EoL c-Si PV waste. A decline in polysilicon consumption
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Fig. 7. Cumulative secondary silicon from net EoL c-Si PV waste estimated
based on dynamic silicon composition and an overall recycling yield of 56%
under the RL and EU-WEEE scenarios.
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Fig. 8. The annual PV capacity that can be generated from secondary silicon
recovered from EoL c-Si PV waste.

in the future will further increase the PV capacity that can be produced
from secondary silicon.

4. Sensitivity analysis

The baseline for the sensitivity analysis is the net cumulative EoL
waste generation by 2040 under the EU-WEEE scenario (6.92 Mt). The
Weibull parameters, along with collection and reuse efficiencies, are
considered as the variables in the analysis. The Weibull curves (EU-
WEEE low, base and high) used in the sensitivity analysis are shown in
Fig. A6 (Appendix). Under the EU-WEEE _low scenario, the cumulative
net EoL c-Si PV waste decreases by 1.29 Mt, reaching 5.6 Mt by 2040. In
contrast, under the EU-WEEE high scenario, the cumulative net EoL
waste increases by 1.35 Mt from the base value of 6.29 Mt, reaching
8.3 Mt by 2040 as shown in Fig. 9. With respect to collection efficiency
(70%, 85%, and 100%), the baseline net EolL waste generation of
6.29 Mt (at 85%) decreases to 5.7 Mt at 70% and increases to 8.1 Mt at
100%. When varying the reuse efficiency from 50% to 75%, the cumu-
lative net EoL waste increases to 8.0 Mt, whereas at 25% it decreases to
5.9 Mt. The results are shown in Fig. 9.

Fig. 10 illustrates the sensitivity analysis of cumulative secondary
silicon by 2040, where the variables are recovery and refining effi-
ciencies, with a baseline value of 125.8 kt. By combining recovery (50%,
75%, and 100%) and refining (65%, 75%, and 85%) efficiencies, the
overall silicon recycling yield varies from 38% (50% x 75%) to 75%
(100% x 75%), 49% (65% x 75%), 56% (75% x 75%), and 64%
(85% x 75%). Accordingly, the corresponding cumulative secondary
silicon by 2040 ranges from 83.9 kt to 167 kt (83.9 kt, 109.0 kt, 125.8 kt,
142.6 kt, and 167 kt).

All forecasts and projections related to PV deployment, technology
market share, module weight, recovery, recycling, and reuse rates are

Weibull curve
56|

Collection Efficiency

51

Input Parameters

Reuse Efficiency

o

Change from Baseline (Mt)

Fig. 9. Sensitivity analysis - Net EoL c-Si Waste Generation (Baseline value:
6.92 Mt, Weibull Parameters - (3,23),(3.5,25),(4,27), Collection efficiencies —
70%, 85%, and 100%, Reuse efficiencies — 25%, 50%, and 75%).
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Fig. 10. Sensitivity analysis - Secondary Silicon from EoL c-Si Waste (Baseline
value: 125.8 kt).

inherently subject to continuous revision. In such cases, PV waste esti-
mation studies and their findings may rapidly become outdated, often
within a few years of publication, if not regularly updated. To ensure
continued relevance of EoL PV waste estimation in the EU PV industry,
an interactive dashboard has been developed to facilitate periodic up-
dates of key input parameters and scenario assumptions as new data
becomes available. The link to the dashboard code is provided in the
data availability section.

5. Conclusions

EoL c-Si PV waste was estimated under the RL and EU-WEEE sce-
narios using annual installation data and a dynamic power-to-mass
ratio, while the quantity available for recycling was determined by
incorporating collection efficiency and reuse practices. Based on this,
the availability of secondary silicon was subsequently estimated by ac-
counting for recovery and refining efficiencies.

The net cumulative EoL PV waste is projected to reach approximately
0.45 and 1.43 Mt by 2030, increasing to 1.47 and 3.40 Mt by 2035 and
3.63 and 6.92 Mt by 2040 under the RL and EU-WEEE scenarios. Ac-
counting for collection and reuse practices, the net cumulative EoL PV
waste available for recycling is approximately 22-35% lower than the
corresponding gross estimates for 2040. In parallel, the cumulative
amount of secondary silicon recovered from c-Si PV waste is estimated to
increase from 9.6 to 29.5 kt by 2030 to 30.4 and 66.4 kt by 2035 and
further to 71.4 and 125.8 kt by 2040 under the same scenarios. Based on
this, approximately 35.6-62.9 GW of PV capacity could be manufac-
tured from the cumulative secondary silicon by 2040, assuming current
levels (2025) of specific polysilicon consumption.

According to the sensitivity analysis of EU-WEEE scenario, varying
key parameters such as Weibull distribution parameters, collection ef-
ficiency, and reuse efficiency results in net cumulative EoL c-Si PV waste
ranging from 5.6 Mt to 8.3 Mt. In addition, variations in silicon recovery
yield led to secondary silicon production in the range of 83.1 to 167 kt
from EoL c-Si PV waste.

By incorporating all key factors associated with EoL PV, such as
dynamic parameters, various failure scenarios, collection, reuse, re-
covery, and refining along with updating pathways, the estimation of
EoL PV waste can be made more robust, thereby avoiding potential
overestimation of waste generation and secondary silicon availability,
which can significantly support more accurate resource assessment and
planning.
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