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of the circular economy.»

Study of re-used PV modules

RE-USE of PV modules, challenges and opportunities of the circular economy.
Renewables are set to form the backbones of our future energy system and among them, photovoltaics
(PV) has rapidly become one of the most economic energy generation technology. The price of electricity
generated by PV has reached a levelized cost of electricity of 5-10 €c/kWh, leading to a major acceleration
of its deployment with over 110 GWp of newly installed capacity in 2019 alone. The cumulative installed PV
capacity is now 627 GWp and it is expected to reach over 1 TWp by 2025 as predicted by the IEA PVPS. The
PV market is largely dominated by crystalline silicon (c-Si) PV modules representing 95 % of the market share,
while thin-film modules remain a niche product. The Terawatt Era of PV modules is approaching fast, and it
is raising important questions about end-of-life management as 5 million tons of PV waste by 2030 is projected by IRENA. Embracing a circular economic model for this maturing industry brings a major opportunity to
make sure that PV becomes one of the most sustainable sources of energy.
In the circular economy approach, re-use and repair actions play an essential role in extending the useful life
of PV modules by preventing their early entry into the waste stream. The boom in photovoltaic installations
began 15 years ago, which explains the natural emergence of the re-employment market exploiting the first
wave of dismantling. PV module re-use is then a nascent industry with companies operating in an unexplored
and mostly unregulated area. Industrial and public players in PV and/or waste management have little or no
knowledge of its operations.
PV CYCLE and imec/EnergyVille conducted the first exploratory study of the sector, with the final goal to
capture the current practices of the re-employment market, to reveal its risks and challenges, to inform the
authorities and actors concerned, and to formulate the first recommendations. This study was carried out
through interviews with field operators and supplemented by expert opinions on technical and legal rules and
recommendations as well as on the economic, environmental and social desirability/feasibility of the sector.
About fifteen companies are active in the PV re-use sector with a market estimated between 500 and 600
MWp / year. The volume traded is very difficult to estimate as neither PV site decommissioning nor PV resell
markets are registered.
PV modules represent roughly 40% of the total PV system costs which motivates the re-use business case.
However, the continued rapid decrease of PV modules prices (now down to 0.2-0.3 €/Wp) and rapid increase
of PV module efficiencies (now in the range of 17 to 21%), raises questions on the economic viability of the
sector. Second-hand PV modules with lower performance and lifetime expectations but with higher financial
risks are mostly in demand in low-income markets. These include African countries but also certain regions
of the Middle East and South-East Asia which seek extreme low-cost PV systems with less quality/aesthetic
requirements. A rather small (around 10 MWp) and temporary market still exist in (Western) Europe where
feed-in tariff regulations often require “very similar” replacement modules in case of damage. Overall, reused or repaired PV modules are not competitive for new residential, commercial and utility-scale PV installations in high-income countries or even in developing countries with government incentives to deploy PV.
Currently, PV modules for re-use are mainly sourced from large commercial PV systems (10kWp to MWp) or
large scale PV plants (> 1MWp) in Europe, USA and China damaged by severe weather leading to all PV modules
being removed though many can be intact. The most cost-effective method is to collect re-usable modules
at the decommissioning site with the sorting, visual and electrical testing and documentation directly completed upon removal and even including small repairs of the external electrical components of the modules
(cabling, connectors, diodes). Detailed recommendations on the procedures of sorting, visual inspections and
simple and advanced electrical testing as well as documentation are developed by imec and bifa in the report.
In certain cases, modules are directly transferred to the treatment facility for the above-mentioned
procedures for more extensive testing repair but at a higher cost.

“To our view, technical guidelines/standards outlying the sorting and testing steps and, most importantly,
setting the technical criteria to qualify modules for re-use are a must to ensure the high quality of re-used
modules. It might be worthwhile to consider only PV modules for re-use which still have a power above 70% of
their initial value and to exclude PV modules with defects having an even minor concern for safety. The implementation of such requirements, who are currently totally absent, would ensure homogenous product quality
and build trust towards clients and the Original Equipment Manufacturers.” - Eszter Voroshazi, R&D manager
at imec/EnergyVille.
In principle, preparing PV modules for re-use has no negative environmental implications, hence it is a
desirable step as part of the circular economic model for PV. In Europe, the Eco-design requirements imposed
on electrical and electronic equipment measuring the CO2 footprint is expected to enter into action for PV
modules in the coming years.
“This is very likely to make re-use PV modules more competitive/desirable. An important note is that the
environmental feasibility of the second-hand PV modules is at risk if their adequate recycling is not guaranteed
after their second life. Thus, the current practice of exporting re-used PV modules to developing countries with
insufficient waste regulations is creating a major environmental concern.” - Jan Clyncke, CEO of PV CYCLE.
The re-use of PV modules clearly creates employment opportunities for technically skilled and local workforce
both in the decommissioning and the re-installation countries. This should be accompanied by proper training
of the workforce, which could lead to the creation of 63 jobs per 1000 tons of electric and electronic waste
according to an estimation of the RRE-USE network. It is important to note that to ensure economic viability of
the sector especially in high-income countries where PV systems are decommissioned, automation in sorting,
testing etc. would be required. Such market growth is not only desirable due to the generation of jobs, it also
reduces energy poverty in low-income countries, which indirectly contributes to further economic and social
development.
In summary, based on our assessment, photovoltaic modules are by design sustainable products. Under the
condition of existing systems well regulated and controlled for their technical inspection, repair and final
treatment. Re-use can be clearly and socially desirable. The economic viability of the sector is currently achieved in low-income countries as clearly evidenced by the fact that most of the global and European players
export to these regions. Re-use of photovoltaic modules in developed countries is currently only viable for
niche applications and its adoption will depend on whether / how the CO2 footprint of electronic products are
incorporated into the cost of the product.
Overall, the unclear legislation, the lack of control of the WEEE directive, and the nearly complete lack of
similar legislation outside the EU raise serious environmental and safety concerns about the re-use of PV
modules. At the dawn of the first decommissioning wave of PV systems, followed by an expected rapid rise of
the volumes of re-usable PV modules, we ask for a careful assessment of the sector and its adequate regulations in consultation with the relevant global actors.
In the CIRCUSOL project PV CYCLE and imec are working with multiple industrial and academic stakeholders on PV module RE-USE demonstration and technical feasibility assessment. The insight of the study will be also leveraged for faster
progress in the domain.
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Note to the editor (not intended for publication)
About PV CYCLE
PV CYCLE BELGIUM vzw/asbl is the Producer scheme for PV modules in Belgium. Founded in 2016 by the industry associations
ELOYA, FEE, NELECTRA, PV Vlaanderen and TECHLINK it is a 100% independent, Belgian non-profit organization managing the WEEE
compliance for PV manufacturers, importers and distributors in Belgium.
PV CYCLE BELGIUM vzw is the managing organization. All operational, financial and administrative tasks are executed by PV CYCLE
ivzw/aisbl, the global compliance and waste management provider. For more information, visit www.pvcycle.be. You can also find
PV CYCLE on YouTube, Twitter, LinkedIn and Facebook.
PV CYCLE ivzw/aisbl is a pan-European Extended Producer Responsibility (EPR) scheme, offering dedicated compliance and waste
management services for products under WEEE and Battery EPR regulations with a special focus on solar energy systems (photovoltaic (PV) modules). Founded in 2007 by and for the PV industry, PV CYCLE ivzw/aisbl has been founded as a not-for-profit association
with an international status. Since 2014, the system is driven by a mandatory and legislative framework, known as the Waste Electrical and Electronic Equipment (WEEE) Directive 2012/19/EU, transposed in 28 laws by each member state of the European Union.

About imec
Imec is a world-leading research and innovation hub in nanoelectronics and digital technologies. The combination of our widely
acclaimed leadership in microchip technology and profound software and ICT expertise is what makes us unique. By leveraging our
world-class infrastructure and local and global ecosystem of partners across a multitude of industries, we create groundbreaking
innovation in application domains such as healthcare, smart cities and mobility, logistics and manufacturing, energy and education.
As a trusted partner for companies, start-ups and universities we bring together more than 4,000 brilliant minds from almost 100
nationalities. Imec is headquartered in Leuven, Belgium and has distributed R&D groups at a number of Flemish universities, in the
Netherlands, Taiwan, USA, and offices in China, India and Japan. In 2019, imec’s revenue (P&L) totalled 640 million euro.
Further information on imec can be found at www.imec-int.com.
Imec is a registered trademark for the activities of IMEC International (a legal entity set up under Belgian law as a “stichting van openbaar nut”), imec Belgium (IMEC vzw supported by the Government of Flanders), imec the Netherlands (Stichting IMEC Nederland,
part of Holst Centre and OnePlanet, supported by the Dutch Government), imec Taiwan (IMEC Taiwan Co.), imec China (IMEC
Microelectronics (Shanghai) Co. Ltd.), imec India (Imec India Private Limited) and imec Florida (IMEC USA nanoelectronics design
center).
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