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Project’s description
PhotoLife (LIFE13 ENV/IT/001033) is a project co-funded with the LIFE+ program and it has been
design to meet a need that will become increasingly urgent in the coming years: the management
of a great amount of end-of-life photovoltaic panels (PVP). During the project, it has been
developed an innovative process to treat different kinds of PVP focused on the recovery of the
various panel’s components and their reuse in their specific reference market. To consolidate the
process even on a pilot scale, a prototype plant has been designed and built after the lab scale
tests.
The end of life photovoltaic modules have been recently incorporated into the electrical and
electronic waste class, WEEE R4 after the European Directive 2012/19/EU. The Directive provides
specific WEEE recovery and recycling rates; in particular, 80% recovery and 70% recycling rates has
been set up until 2018; starting from this year, these limits will increase and become 85% for the
recovery and 80% for the recycling of materials.
The production peak of these wastes is expected around 2035 and it’s estimate an amount equal to
1.2 Mt in Italy and about 3 Mt in Europe.

Future waste projections of glass and aluminum (left) and metals (right)

The huge amount of inactive panels expected in the coming years is due to a large growth in
renewable energy sources, including photovoltaic, globally supported in many cases by incentive
policies. According to the International Renewable Energy Agency (IRENA) forecast, a further
substantial growth is expected over the next few decades in this sector, leading to an installed
capacity of about 4.500 GW in 2050.
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Because of the large amount of waste that will be produced in the next years, it is necessary to
develop an efficient recycling system able to recover the various panels’ components and reuse
them in different areas. Currently in Italy there aren’t specific processes dedicated to the of end of
life PVP treatments focused on their recovery as high added value materials; therefore the Photolife
project aims to find an innovative and sustainable solution from a technological, environmental and
economic point of view to making full scale plants.

Project aim
As part of the Photolife project, an innovative hydrometallurgical process has been studied and
optimized avoiding high temperature and high-energy treatments. In fact, the Photolife process
requires low energy treatments, and it’s focused on the recovery and reuse of reagents and low
environmental impact.
The process’ optimization and the operating conditions were achieved through intense
experimental activity conducted by the HTR center, specialized in processes involving WEEE. These
conditions were then tested on the pilot scale prototype, which is able to handle, enhance and
recycle all the main types of both damaged and intact but no longer performing commercially
available modules (based on crystalline and amorphous silicon, cadmium tellururus and the most
recent technologies based on copper, indium, gallium, selenium that is CIS/CIGS).
The process proposed involves mechanical, physical and chemical steps, which are integrated
together to recover the various panel’s components:


High quality glass and suitable to reuse it in glass or ceramic industry;



Recyclable polymeric materials;



Aluminum to be re-entered directly on the market;



Glass powder for cement or similar markets.
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The process steps are shown in the block flow diagram below:

Photolife process - Block Flow Diagram

In particular, the different process’ stages consist of:


Removal of panel aluminum frame by manual dismantling;



Specific crushing process that allows to obtain a sample with particle size ranging;



Sieving is successively performed leading to derive three different fractions: a coarse
fraction that will be sent to the following physical treatment, a fine fraction and a finest one
that will be sent to the chemical treatment unit;



Coarse fraction’s physical treatment using a specific reagent to allow the polymeric fraction
(consisting of EVA and Tedlar) to be separated from the cell and glass;



Chemical treatment for metal recovery and cleaning of the glass powder if excessively
contaminated.

The prototype
The Photolife prototype’s potential is 200 tons per year of treated panels, and the plant allows to
process different kinds of PVP. The whole plant was installed at the Eco Recycling operational and
industrial site at Civita Castellana (VT).
The prototype was installed inside two containers: the first one for the mechanical pretreatment
and the other one for the physical treatment:
3

Mechanical treatment section

Physical treatment section: operational room

Physical treatment section: control room
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The manual panels’ disassembling performed by operators is the only non-automated operation: in
this stage, the aluminum frame is removed from panels together with the junction box and cable
placed on the back. The frame generally constitutes the 10% of the total weight of the panel.
The prototype main equipment are:
1. Shredder: Following various experimental campaigns aimed to optimize the granulometric
distribution of the crushed panels, a specific shredder was design to treat PVP. This equipment
is fed with previously disassembled panels’ pieces;

Shredder

2. Sieve: This unit is fed with the crushed sample and allows to separate three different fractions, a
coarse fraction, a fine fraction and a finest one to send to different downstream treatment. A
screw conveyor tranfers the sample from the shredder to two vibrating sieves set in series and
equipped with specific grids.
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Screw conveyor and sieves

3. Physical treatment reactor for the detachment and separation of the glass from the polymeric
fraction: the coarse fraction from the sieving step is sent to the jacketed and agitated reactor
where the glass is separated to the polymer fraction (composed of EVA and Tedlar) through a
specific agent. The reactor is equipped with temperature and pressure measuring devices,
which allow to monitoring these operating parameters.

Physical treatment reactor
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The physical treatment section consists of two separate rooms: the first one where the electric and
pneumatic panels and the heating water circuit for the reactor are located; in the second room, the
reactor is located along with the reagent storage tanks and the activated carbon filtration system.
Following are reported the images of the main components of the physical unit:


Reagent storage tanks for the separation of EVA from glass;

Reagent tanks for the physical treatment



The boiler to produce the heating water to be sent to the jacketed reactor and a forced
ventilation system and activated carbon filter;

Electric boiler, Filter system and two rooms overview
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A basket filter to intercept any solid particles dragged by the reagent before being
reintroduced into its recovery tank; Two pumps, a centrifugal one for the hot water circuit
used in the reactor’s jacket, and a membrane one which has a pneumatic actuator, for the
process streams.

Basket filter, centrifugal pump and membrane pump

To complete the processes that take place in the mechanical and physical treatment sections, there
is a further unit where the fine fractions, separated in the screening phase, are treated. This unit is
located inside a third container and has been realized within the European FP7 "HYDROWEEE"
project, carried out by Eco Recycling and the HTR Center Research Group.
The treatment that occurs in this unit is an hydrometallurgical process (leaching and precipitation)
and allows to recover the metals concentrates, initially contained in the panel’s cells.

Results
The Photolife project's purpose is to recover the various components of photovoltaic panels in
accordance with the percentages imposed by the current regulation.
During the project, several prototype experimental campaigns aimed at optimizing process
conditions were conducted; the results obtained as recovery percentages from the initial panels of
the various components are as follows:


66% by weight of glass
o

52% glass from the coarse fraction

o

14% glass from the fine fraction
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10% by weight of aluminum



6,5% by weight of a finely divided glass fraction



12% by weight of polymeric fraction (EVA + tedlar)

Conclusions
The results obtained during the experimental campaign conducted at the end of the Photolife
project, were particularly satisfactory, especially for the quality of the recovered glass.
A business plan has been carried out to assess the economic feasibility of a plant with a potentiality
of 4000 tons per year of panels treated. The results of this study have been very positive: indeed a
group of stakeholders has expressed the interest in building the first plant in Italy dedicated to the
specific process for recovery the end-of-life panels allowing a proper management of photovoltaic
waste.
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