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Worldwide spread environmental concerns about the level of greenhouse gas (GHG)
emission and its cumulative effect on global climate change, together with a steady increase of
fossil fuel prices have triggered a strong demand for truly innovative electric generation
technology. Availability of renewable energy sources that are also affordable can effectively help
to cut down global fossil fuel demand, GHG emissions and other pollutants deriving from fossil
fuel combustion.

PV electricity is among the most promising forms of renewable energy. It is very flexible
because it can operate in a wide range of environments. Moreover, PV energy generation can rely
on technologies that in the last few years have shown remarkable progress in terms of conversion
efficiency and life-cycle environmental performance. At the same time the production capacity of
the PV industry has grown considerably. A larger scale production decreases energy consumption
for manufacturing and increases yields. Cadmium Telluride (CdTe) thin film PV technology has
grown at a faster rate than conventional SI technology and First Solar the world’s leading CdTe PV
manufacturer has reached an annual production capacity of over 2.2 GWp in 2011.

A major recent advance of PV technology toward an even higher level of sustainability was
the introduction of an end-of-life take back and recycling program. First Solar was the first PV
company to introduce this kind of program in 2005. Over 200 PV companies have followed suit
and became Full Compliant Members of PV CYCLE, the voluntary industry association focused on
the take-back and recycling of end-of-life PV modules.

By replacing fossil fuel combustion with PV to generate electricity we can cut down the
emission of greenhouse gas and of several other pollutants that threaten the environment and
human health such as NOx, SO2, particulate and heavy metals. The importance of CdTe PV in
promoting PV power generation relies on cost effectiveness. In fact, CdTe PV combines durability,
high efficiency and performance in high temperature conditions with a low manufacturing cost.
Thanks to these features, CdTe PV technology provides the lowest energy payback time and the
lowest carbon footprint of all PV technologies available. Lowest energy payback time means that
CdTe PV is the fastest to return by solar energy the amount of energy required over its entire
production and end-of-life management cycle. With the lowest energy payback time and carbon
footprint the CdTe PV industry can also sustain faster growth rates and still retain a positive
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environmental impact profile. According to evaluations by independent scientific authorities
replacing European or US grid electricity with CdTe PV power plants amounts to 89-98% reduction
of greenhouse gas emission, pollutants and heavy metals including Cadmium1.

CdTe PV is also a safe technology. The active thin film semiconductor layer is a junction
between Cadmium Sulphide (CdS) and CdTe. CdS content is only about 3% of the total, which is
why this PV technology is named after CdTe. CdTe and CdS are very stable semiconducting
compounds. CdS is more stable than Cd and CdTe is more stable than both its constituents, that
are cadmium (Cd) and tellurium (Te) and of many other parent compounds. The CdS/CdTe layer
thickness in PV panels is only a few (less than half a human hair). The thin CdS/CdTe film is
permanently bound to its glass substrate thanks to the use of an advanced vapor deposition
technique and finally it is sandwiched by another layer of glass. This double glass encapsulation
structure prevents any exposure of the semiconductor film to atmospheric agents and protects it
from accidental damage. Thanks to physical and chemical stability of the CdS and CdTe
semiconductors and thanks to the advanced manufacturing technology, the CdTe PV module
under normal operation is virtually a zero Cd emission source.

Fossil fuels are a storage place for the highly toxic Cd that is released in air when the fuel is
combusted. Normally operating PV panels are zero Cd emission sources. Thus direct Cd release
from CdTe PV panels, if any, may occur in principle via the processing and transformation steps
involved in the manufacturing and end-of-life stages (disposal or recycling) of the PV modules. The
scientific community scrutinized the potential release of Cd by CdTe PV modules through the
entire life-cycle: from the sources of raw materials, through CdTe PV modules manufacturing,
normal operation and until management of CdTe PV end-of-life modules. The result of this
research is that direct emission of Cd through the life-cycle of CdTe PV modules is negligible. The
only measurable Cd emission that can be attributed to CdTe PV is due to the combustion of fossil
fuels used to generate the electricity required by manufacturing (and recycling) process 2. For
every GWh of electric energy produced the Life-cycle-Cd release of CdTe PV is over one hundred
times smaller than Cd air emission from a fossil fuel power plant 1. Moreover CdTe is the PV
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technology requiring the smallest amount of energy for its manufacturing cycle, which means that
CdTe PV is also the weakest Cd emitter of all the PV technologies available.

An important issue related to the promotion of large-scale PV facilities is the compatibility
of PV and agriculture. Several PV mounting solutions are under study to allow agricultural activity
at the site of PV plants. PV power plants based on CdTe PV modules technology are safe and
compatible with agriculture. Combining PV electricity production with agriculture can be very
beneficial for both activities.
CdTe PV modules produced by First Solar were certified as non hazardous waste,3 that
means suitable for landfill disposal. However, take back and recycling is seen, both by experts and
by the environmentally concerned public, as one of the routes to improve the green footprint of
all PV companies. It promotes producer responsibility and optimization of PV design to match
recycling procedures. Take back and recycling is also a potential way to recover materials and try
to reduce the cumulative energy demand and associated carbon footprint of PV modules.
Availability of end-of-life PV panels is currently low due to the young age of most PV installations
compared to their project life-time. However, in about ten years time, the possibility, but also the
demand for recycling is expected to become substantial. It was estimated that PV waste in
Germany by 2020 will amount to35,000 tons.

The take back and recycling program offered by First Solar is applied to every module
produced. The cost of take back and recycling is included in the cost of the CdTe PV module and
the money allocated to this part of the process is managed by an independent trust fund. The
environmental impact of the recycling process at First Solar was evaluated by independent
researchers4 and it was found that the whole process allows the recovery of about 90% of glass
and 95% of valuable CdTe. Glass recycling is very effective to reduce greenhouse gas emissions. It
turns out that melting pure glass reduces these emissions by 30%, compared to melting raw glass
material that typically has higher melting point and a high carbon impurity content that burns in
the melting process.
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