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1. Introduction

As detailed in a review article by these authors [1], the world has seen a tremendous rise in
photovoltaic (PV) installations. It has been reported that the world has seen approximately 600 GW
of PV capacity installed in 2024 [2]. This PV installation rate is expected to rise in the future, with a
BloombergNEF predicting that around 698 GW of new PV will be added in 2025 worldwide, as
reported in a recent news article [3]. However, more annual PV installations are required to fight
climate change. A study mentioned that around 3.4 TW/year of PV needs to be installed globally,
resulting in cumulative PV installation of 75 TW by 2050 [4]. This cumulative PV installation of 75
TW will create a significant waste problem, with a study reporting that the end-of-life waste (EOL)
will be around 54-160 million tonnes (Mt) [5]. Most of this waste will come from glass as glass
constitutes a significant portion of a PV module. Considering glass holds 67% of a PV module by
weight, around 37-108 Mt of waste will come from glass by 2050.

Landfilling this amount (37-108 Mt) of glass would be unsustainable as it results in the loss of critical
resources and the release of hazardous elements. Depending on the glass type, PV glass may
contain antimony. For example, PV glass has Sb concentrations in the range of 0.1-1 wt% [6].
Therefore, EOL PV glass might pose environmental risks if Sb gets leached. However, addressing
this environmental risk alone is not sufficient, as the challenge with PV glass also lies in its low
economic value compared to other materials. Unlike high-value materials such as silicon and silver,
which exist in smaller quantities but command higher economic value, glass is a bulk material with
lower intrinsic value [7]. Its effective recycling therefore depends on both recovery technologies and
the creation of markets capable of absorbing large volumes of recovered glass. In this context, it is
urgent to evaluate the secondary market potential of EOL PV glass.

2. Life Cycle Analysis of Concrete Production from EOL PV Glass
Both closed-loop and open-loop opportunities should be considered when evaluating the secondary
market potential of end-of-life (EOL) PV glass. If the recovered glass is of sufficiently high purity, it
can be remanufactured into new PV glass, thereby supporting a circular supply chain for future
module production. Alternatively, if the purity is inadequate for closed-loop applications, the
recovered material can still be utilised in a wide range of open-loop markets, including glass foam
[8], glass wool [9], cement [10,11], concrete [12], clay bricks [13], and ceramic tiles [14].

In this study, we conducted a life cycle assessment (LCA) of 1 m?® of concrete production
incorporating glass recovered from end-of-life (EOL) photovoltaic (PV) panels. The objective was to
evaluate the climate change (CC) impact of substituting conventional aggregates with recovered
glass. The functional unit considered in this analysis is 1 m? of concrete. In the mix design, 20% of
fine aggregates were modelled to replace with recovered glass. Assumptions were made on
transport distances. Transport distances for raw materials were assumed to be 32 km for cement
and 55 km for sand and gravel [12]. For the glass recovery stage, the Exner Trenntechnik GmbH
process was considered as the reference recovery technology. This recovery process involves
crushing the entire PV panel followed by separating the glass fraction, which is then used as a partial
replacement of fine aggregates (sand) in concrete production [15]. Figure 1 illustrates the steps of
the Exner Trenntechnik GmbH process for glass recovery. The entire process was modelled using
OpenLCA software, and the Ecoinvent database version 3.8 was employed as the background
dataset for inventory data. As Ecoinvent lacked an updated Australian electricity mix, we modelled
a custom process from 2021-2022 figures, with 69% electricity from fossil fuels and 31% from
sustainable sources [16].
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Figure 1: Steps of the Exner Trenntechnik GmbH process for glass recovery (Red signifies output,
Green signifies process pathway, electricity is the main input here).

Results:

The CC results of 1 m®of concrete production without EOL PV glass incorporation are presented in
Figure 2. The total CC impact was found to be approximately 365 kg CO,-eq. Among the processes,
cement production contributed the most, accounting for nearly 300 kg CO,-eq, highlighting its
dominant role. Other processes, including gravel processing, electricity, sand, and raw material
transport, had relatively minor impacts, each contributing less than 30 kg CO,-eq. The predominance
of cement in the overall CC impact is consistent with findings from previous studies [17] and is
primarily attributed to the carbon-intensive nature of cement manufacturing.
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Figure 2: CC impact of concrete production without EOL PV glass.

The CC impact of incorporating EOL PV glass to replace 20% of fine aggregates is presented in
Figure 3. The overall CC profile shifted with the addition of recovered glass. While the contribution
from sand decreased due to its partial replacement with glass cullet, the glass-recovery process,
which was modelled without credits for aluminium and copper, introduced additional emissions.
Overall, the CC impact increased by approximately 22% under current assumptions, primarily due
to electricity consumption and transport requirements in the recovery stage. Removing aluminium
frames before crushing may reduce crushing energy, and sourcing renewable electricity would lower
some recovery burden. For example, if 100% electricity is sourced from PV, the CC impact would
come down to around 434 kg CO,-eq. Overall, the use of PV cullet in concrete can reduce direct
aggregate-related impacts, but optimizing the recovery stage remains key to achieving net climate
benefits while also lowering pressure on virgin sand resources.
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Figure 3: CC impact of concrete production with EOL PV glass.

If we count the avoided production of virgin materials (i.e., treat recovered aluminium as replacing
primary aluminium), the CC impact drops substantially. For example, treating recovered aluminium
as a replacement of virgin aluminium reduces the CC impact from 444 to 346 kg CO,-eq (a 22.1%
decrease). If we also account for avoided copper production alongside aluminium, the total falls to
338 kg CO,-eq, corresponding to a 23.9% (= 24%) reduction relative to 444 kg CO,-eq (Figure 4).
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Figure 4: Overall Climate Change Impact Including Credits (avoided production of virgin materials)
for Secondary Materials.

Conclusion:

This study conducted a life cycle assessment (LCA) to evaluate the climate change (CC) impact of
producing 1 m* of concrete with 20% of sand replaced by EOL PV glass cullet. While sand-related
impacts decreased, the total CC impact increased by approximately 22%. The added burden was
primarily due to electricity consumption and transport in the glass recovery process, indicating that
process optimisation is essential to achieve net benefits. This finding suggests that the emissions
from glass recovery offset the benefits gained from reducing virgin sand extraction. However, when
credits for the avoided production of virgin materials such as aluminium and copper were considered,
the overall climate change impact was reduced by up to 24% (compared to no credits), highlighting
the importance of integrating co-material recovery in PV recycling to achieve significant
environmental benefits.
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