
PV RECYCLING 
TECHNICAL STATUS 
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FIRST SOLAR AT A GLANCE

Globally recognized for environmental 
performance and excellence

Lowest environmental impacts 
generating clean electricity with 

NO carbon emissions or air pollutants 

High-efficiency technology with a proven 
energy advantage

Industry-leading global PV recycling
program
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First Solar Proprietary & Confidential - General

FULLY INTEGRATED RESPONSIBLE PRODUCT LIFE CYCLE APPROACH

Manufacturing Product Use Collection & 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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First Solar Proprietary & Confidential - General

Creating more value with less environmental impact.

PROVIDING THE LEADING ECO-EFFICIENT PV TECHNOLOGY

Seitz et al., Eco-Efficiency Analysis of Photovoltaic Modules, Bavarian State Ministry of Environment and Health, 2013.

• Higher energy yields at a competitive cost 

• Smallest carbon footprint and air pollutants

• Lowest life cycle water use 

• Fastest energy payback time < 1 year

• Industry leading PV recycling program

• Validated by 3rd party research and global peer reviews

COST 

COMPETITIVE

SUPERIOR 

ENERGY YIELD 

LOWEST 

ENVIRONMENTAL 

IMPACT
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First Solar Proprietary & Confidential - General

FIRST SOLAR IS COMMITTED TO ENVIRONMENTAL STEWARDSHIP

• Providing value-driven energy solutions that protect and enhance the environment

• Committed to responsible product life cycle and end-of-life management

• Ensuring solutions to clean energy do not pose a burden on future generations

• Leading the industry with proven recycling solutions 

• Fulfilling solar’s promise as a clean and sustainable renewable source of energy
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First Solar Proprietary & Confidential - General

GLOBAL RECYCLING FACILITIES
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First Solar Proprietary & Confidential - General

Crucial to managing large future PV waste volumes

— Over 270 GW PV installed worldwide

Recycling is important for all PV technologies 

— Environmentally sensitive materials are common 

in the industry (Pb, Cd, In, Se, Ag…)

Provides socio-economic and environmental benefits

— Minimizes life cycle impacts 

— Reclaims valuable and energy intensive 

materials

— Creates jobs and economic benefits

— Recoverable value could exceed $15bn by 2050
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Recycling maximizes resource recovery and increases the sustainability of PV.

WHY DOES HIGH-VALUE PV RECYCLING MATTER?

REN21, Renewables Global  Status Report, 2016.
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First Solar Proprietary & Confidential - General
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GLOBAL PV PANEL WASTE PROJECTIONS 2016-2050

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

Ensuring the recyclability of our products is integral to our R&D process.

FIRST SOLAR PRODUCT DEVELOPMENT  APPROACH

• Continuously improving our technology while ensuring 

recyclability

— Recyclability is fully integrated in module design

— Product development budget allocates funds for recycling 

process upgrades

— Technology improvement projects are tracked through 

Change Management System (CMS)

— Module improvement projects require timely 

implementation of recycling process upgrades
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First Solar Proprietary & Confidential - General

PARTNERING FOR RESPONSIBLE PV END OF LIFE MANAGEMENT

Flexible. Commercially attractive. Environmentally responsible.

✓ Cost-effective contracts with 2-year termed renewable pricing 

✓ No up-front fees: “pay as you go” model using later year project cash flows

✓ Recycling Services offered in all regions of the world

✓ Scalable from construction through decommissioning

✓ Flexible start date: at module sale, throughout plant life, and decommissioning 

✓ Easily integrated into O&M, EPC, PV power plant and module sales agreements

✓ Pricing is optimized to local market conditions

✓ Pricing covers cost of recycling plus logistics from collection point to recycling facility

✓ Owner always has the discretion to elect alternate recycling vendor or responsible disposal
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First Solar Proprietary & Confidential - General

Recycling is in the power plant owner’s best interests:

— Commercially attractive: recycling will likely be cheaper than disposal  at EOL

— Landfill disposal will become increasingly costly and burdensome 

— Global regulatory developments will continue to limit disposal options and move towards requiring 

recycling

— Mitigates risk of uncontrolled disposal

— Allows for recovery and beneficial reuse of valuable materials

— Reduces waste and the carbon footprint and energy payback time of PV modules

— Positive image: Demonstrates the power industry is responsible and self-regulating

— Supports scalability and overall sustainability of PV

WHY RECYCLE?

Enlightened self interest...It is the right thing to do.
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First Solar Proprietary & Confidential - General

Pre-Pay / Pre-fund  First Solar RSA

Customer pays for 

EOL collection and 

recycling at time of 

sale and funds are 

placed in an 

independent trust 

fund

Customer contractually 

commits to recycling through 

an RSA with 2-year termed 

renewable pricing. EOL 

recycling is funded with  

later year project cash flows

✓ Convenient

✓ Effective for low 

volumes

 Inefficient use of 

customer cash 

flows

 Not cost-effective 

or scalable 

 Not competitive

✓ Globally available

✓ Cost effective and 

scalable

✓ Optimized use of cash 

flows

✓ Convenient and 

comprehensive

✓ Flexible pay-as-you-go 

service

✓ Allows prices to drop as 

recycling costs decrease

FINANCING PV RECYCLING: PRE-PAY VS. PAY-AS-YOU-GO

Increased volumes of solar modules at end-of-life and 

greater experience in recycling, accompanied by rising 

disposal costs, will likely lead to recycling becoming 

more commercially attractive and result in higher 

volumes  of collection and recycling.
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First Solar Proprietary & Confidential - General

FIRST SOLAR’S RECYCLING PROCESS DESIGN PROGRESSION

V1 Recycling (2006) V2 Recycling (2011)

• Based on the mining industry

• Batch process

• Moving glass and liquid from process to 

process

• Volume output – 10 tons/day

• Capital investment - $5M

• Based on the chemical industry

• Batch process

• Based on keeping the glass fixed and 

moving the liquids thru the material

• Volume output – 30 tons/day

• Capital investment - $7M
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First Solar Proprietary & Confidential - General

THIRD GENERATION CONTINUOUS PROCESS RECYCLING (2015)

• More efficient 7/24 operations

• Compact plant with smaller footprint

• Increased daily recycling capacity from 30 tons to 150 tons/day capacity

• Requires 30% less capital, chemicals, waste and labor 

• Achieves superior glass and semiconductor purity
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First Solar Proprietary & Confidential - General
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First Solar Recycling Normalized Cost Trend 
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CONTINUOUSLY DRIVING DOWN COSTS FOR SUSTAINABLE PV RECYCLING
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First Solar Proprietary & Confidential - General

— Environmentally Responsible

— Minimizes life cycle impacts and reduces carbon footprint and energy payback time of PV

— Maximizes resource recovery: over 90% of semiconductor material and 90% of glass 

Commercially attractive 

— No up-front fees: modules can be recycled using later year project cash flows

— Renewable pricing adjusts RSA price as recycling costs decrease

— Globally Available

— Convenient way of helping you meet various regulatory and permitting requirements 

BENEFITS OF FIRST SOLAR’S RECYCLING PROGRAM




