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RECYCLING & EPR



INTRODUCTION TO FIRST SOLAR
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THE WESTERN HEMISPHERE’S 
LARGEST SOLAR 
MANUFACTURER
• Differentiated thin film technology 

designed and developed in America

• Higher lifetime energy, with lower 
levelized cost of electricity (LCOE)

• Financially stable with industry 
leading bankability 

• Lowest carbon PV technology and 
lowest life cycle environmental 
footprint
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20+ YEARS OF INNOVATION
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Company
Founded

1st Global Module 
Recycling Program

1st to Produce 1GW in a Year
1st to Break $1/watt Barrier 35GW+ 

Shipped
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IPO

Developed World’s 
Largest PV Plants

Series 2
Commercial 
Production 
Begins

Series 6
Form 
Factor
Shift

$1B+ 
R&D 
Investment
Since 2010
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SOLAR ENERGY RESOURCE NEXUS
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2009
16 TWy/yr

2050
28 TWy/yr

Annual World Energy 
Consumption

Annual World Energy 
Consumption

↑75% 

2009
16 TWy/yr

2050
28 TWy/yr

Wind
25-70 TWy/yr

Hydro
3-4 TWy/yr

Renewables per Year

SOLAR RESOURCE IS VERY ABUNDANT …

Source: R. Perez et al, “Renewable Energy Our Solar Future”

Annual World Energy 
Consumption

2009
16 TWy/yr

2050
28 TWy/yr

↑75% Coal
900

Uranium
90-300

Natural 
Gas
215

Oil
240

Fossil Fuel Reserves (TWy)

Solar
23,000 TW/yEvery hour, the sun supplies 

enough energy to power the world 
for an entire year
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CIRCULARITY IS A PRE-REQUISITE FOR TERAWATT-SCALE PHOTOVOLTAICS
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A SHORT HISTORY OF PV RECYCLING

2005 2007  2012 

EU WEEE 
Directive

1st global PV recycling 
program in the industry Ökopol Study

2017 2018            2019

Sustainability 
Leadership Standard 

PV Recycling Treatment 
Standard (EN50625) 

PV Cycle Industry 
Initiative 

U.S. Industry 
Program



RECYCLING PROCESS AND END MARKETS
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KEY TECHNICAL CHALLENGES TO RECYCLING

• Delamination
— Efficient encapsulant

(e.g., EVA) removal

• Collection reverse logistics
— Waste classification
— Transport

• High value recycling
— Need PV-specific 

recycling standards 
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• PV modules consist of glass, 
aluminum, copper, and 
semiconductor materials that can 
be successfully recovered and 
reused

• By weight, more than 80% of a PV 
module is glass and aluminum

• High-value recycling recovers 
environmentally sensitive, valuable 
and energy-intensive materials

• Recoverable value could exceed 
$15bn by 2050 (IRENA & IEA PVPS, 
2016)

BENEFITS OF HIGH-VALUE RECYCLING

IRENA and IEA-PVPS (2016), “End-of-Life Management: Solar Photovoltaic Panels,” International 
Renewable Energy Agency and International Energy Agency Photovoltaic Power Systems.

Maximizes resource recovery and increases the sustainability of PV.
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FULLY INTEGRATED RESPONSIBLE PRODUCT LIFE CYCLE APPROACH

Manufacturing Product Use High-Value RecyclingMaterial Sourcing

Converting mining 
byproducts into a 

stable semiconductor

Manufacturing with 
less energy, water, 

and GHG emissions

Faster CO2
reductions and 

greater return on 
energy invested

Recovering over 90% of 
materials at end-of-life 

for new PV modules

Product Design

Designed for high-
value recycling
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INDUSTRY-LEADING PV RECYCLING SERVICES
• Established 1st global PV module recycling program in the industry

• 10y+ experience operating PV recycling facilities in Germany, Malaysia, Vietnam and the U.S. with ~200,000MT recycled 

• Proven and scalable technology to accommodate future high volumes (global capacity of 2 million modules)

• Recovering over 90% of semiconductor materials and approximately 90% of glass for reuse 

• Continuously improving processes and technology and reducing operational costs 
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FIRST SOLAR’S MODULE RECYCLING PROCESS

Shredder Hammermill Crushed/
Milled 
Scrap 

Holding Bin

EVA/Glass Separation

Metals Precipitation CdTeUnrefined 
Semiconductor 

Material

Film Removal 
Solid/ Liquid Separation

+ 90% Recycling of Semiconductor Material and ~ 90% Recycling of Glass 

Glass products

Rubber  products

FS PV modules

Third-party 
Cd/Te 

Separation 
& Refining
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