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Assessment

 Fast development of wind and photovoltaic energies
 Very high material intensity of these technologies

 Large amount of waste to be treated in the future

Overview of global PV panel waste projection (IRENA 2016)
Global cumulative PV Installation (Fraunhofer 2020)

Energy source Load factor

Wind onshore 0.22/0.3

Wind offshore 0.35/0.4

Solar PV 0.13/0.2
depending on regions

Nuclear 0.7/0.8
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Objectives

 Determine end of life impacts of photovoltaics (and wind turbine) energies

 Refine the impact results of these electricity generation sources
 Compare several recycling processes
 Be more accurate in the energy mix modelling

 Impacts are reported per kWh produced to be compared with other electricity production systems

𝐼𝑚𝑝𝑎𝑐𝑡/𝑘𝑊ℎ =
I𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑜𝑣𝑒𝑟 ℎ𝑖𝑠 𝑤ℎ𝑜𝑙𝑒 𝑙𝑖𝑓𝑒 𝑐𝑦𝑐𝑙𝑒

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 ℎ𝑖𝑠 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛
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Recycling in LCA

ISO 14044:2006 standard distinguishes 3 different recycling loops with 3 different methods:

 Closed loops

 Open loops

 Open loops modelled as closed loop recycling.

End of life

Other
utilisation

Repurposing, recycling

Closed loops

Open loops

Production
Repair, reuse, 
recycle

ISO 14044:2006 Environmental management — Life cycle assessment — Requirements and guidelines
ISO 14049:2012 Environmental management — Life cycle assessment — Illustrative examples on how to apply ISO 14044 to goal 
and scope definition and inventory analysis
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System

Primary 
production

Recycling

System 
boundaries

Methodology

End of 
Life

Limited secondary
incorporation

Recycling rate

Other 
utilisation

Avoided primary 
production

System

Primary 
production

Recycling

System 
boundaries

End of 
Life

Recycling rate

Product (identical 
or not)

Avoided primary 
production

Secondary 
production

Incorporation rate

Methodology usedISO 14049 methodology

Recycling rate = collection rate * process efficiency

 Calculate the global impacts of the EoL step
 Take into account the different recycling loops in the same way
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Modelisation

Panel composition (Roofway.com)

 The objective is to model the technologies reaching the 
end of life until 2050 -> launched on the market until 2020

 Crystalline silicon technology (c-Si): mono-crystalline and 
poly-crystalline.

Photovoltaic cell
3%

EVA
6%

Aluminium
frame
15%

Backsheet
3%

Others 
(junction box, 

wires) 
2%

Glass
71%

Annual PV production by technology (Fraunhofer 2020)
Mass composition of a photovoltaic panel
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Recycling routes

Reference process
FRELP project (Latanussa 2016) 3 steps :

- Dismantling frame and junction box
- Delamination
- Cell processing

 Detailed process inventory given in the 
publication

Incineration

End of life 
panel

Dismantling

Chemical 
separation

Aluminium frame and 
junction box recovery

Glass separation

AluminiumSilver Copper Silicon
(metallurgical grade)

C. Latanussa, F. Ardente, G Blengini, L. Mancini “Life Cycle Assessment of an innovative recycling process for crystalline silicon photovoltaic 
panels”  Solar Energy Materials & Solar Cells 156, 2016.
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LCA of the production of a virgin mono-Si panel (IEA 2020)

 Cell manufacturing has the highest impact for most indicators

IEA : International Energy Agency
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Aluminium frame Photovoltaic cell Junction box Glass

Panel assembly Encapsulating film - EVA Backsheet Transport
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Photovoltaic cell composition (Radziemska 2010)

LCA of the production of a virgin mono-Si panel

Single and multi-crystalline wafer production (Israil 2013)

 Important energy consumption (75.4 kWh/m² for 
single-Si and 53.4 kWh/m² for multi-Si) 

 Significant research effort to reduce this value in 
recent years.



Prometia LCA Webinar – 2021/08/31Alternative Energies and Atomic Energy Commission P. Judais 12

IEA : International Energy Agency

Etching of the cell

Metal 
dissolution

HNO3 60%, 5 min 
Tambiante

Delamination

Glass, 
backsheet 

NaOH 3M
Precipitation

Metals hydroxide
(Cu 65% , Al 26%, Sn 8%, Pb < 1%)

Copper 
refining

Metallic Ag

System 
boundaries

Silver refining

Other metals 
recovery

Etching ARC

KOH 45%
(80°C;8 min)

ARC : Anti-reflection coating

Etching paste (H3PO4) 
320°C, 2 min

Surface 
texturing

KOH 0,05%

Silver electrolysis

Water 
rinsing

PV panels

Recycled 
wafer

J. Shin, J. Park, N. Park “A method to recycle silicon wafer from end-of-life photovoltaic module and solar panels by using recycled silicon 
wafers”  Solar Energy Materials & Solar Cells 162, 2017.



Prometia LCA Webinar – 2021/08/31Alternative Energies and Atomic Energy Commission P. Judais 13

Resulting materials of both processes

Latanussa Alternative process

Material Recycling rate Resulting material Recycling rate Resulting material

Aluminium frame 1 Aluminium 1 Aluminium

Copper 0.98 Copper 0.98 Copper

Photovoltaic glass 0.98 Ordinary glass 1 Ordinary glass

Silicon 0.95 Metallurgical grade silicon 1 Wafer mono-Si

Aluminium (cell) 0.5 Aluminium 0 Aluminium

Lead

Silver 0.94 Silver 0.94 Silver

Tin

EVA Incineration Energy

Backsheet Incineration Energy
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Gain of the different processes

 Low gain for the Latanussa process (even increase on some indicators)
 Significant gain in alternative recycling (nearly 50% on average)

 Panels only, the whole installation is not considered (electric installation, inverter, panel support) 
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Conclusion

 Need to take recycling into account when measuring the environmental footprint of renewable energy (high 
material intensity): significant variation in environmental impacts, according to the chosen process.
 Importance of optimizing the recycling process, which is not yet mature

 LCA can be used to focus research on different recycling processes and to compare the efficiency of existing 
processes: eco-design of the whole process. 

 Our methodology related to EoL burdens allocation needs to be challenged by LCA practitioners.

 There could be significative changes between energies ranking when considering the energy transition, 
depending on the effective recycling processes that will be finally implemented.


