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Solar PV Recycling 
Best Practices
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| First Solar Overview

25GW+
manufacturing capacity

expected in 2026

45+ 
countries with

First Solar modules

~4x 
lower carbon 
footprint than c-Si PV

$3.3B USD 
2023 net sales

25  years

Founded in 1999

CadTel
semiconductor

$19B USD
First Solar Facilitated 

project financing

90%+
material recovery
through recycling
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| Embedding Circularity Across the Life Cycle
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● Established 1st global PV module recycling program 
in the industry

● 15y+ experience operating high-value PV recycling 
facilities with ~400,000MT recycled 

● Recycling facilities located in Germany, Malaysia, 
Vietnam, the U.S. and India 

● Proven and scalable technology to accommodate 
future high volumes (global designed capacity of ~3 
million modules)

● Provides closed-loop semiconductor recovery for 
reuse in new solar modules

● Continuously improving processes and technology 
and reducing operational costs 

| Industry-Leading PV 
Recycling Services

https://www.firstsolar.com/en/Solutions/Recycling 

https://www.firstsolar.com/en/Solutions/Recycling
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| First Solar Recycling Services

https://www.firstsolar.com/en/Solutions/Recycling 

various regions of

https://www.firstsolar.com/en/Solutions/Recycling
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| First Solar Module Recycling Process Overview

+ 90% Recycling of Semiconductor Material and ~ 90% Recycling of Glass 
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http://go.firstsolar.com/l/474372/2018-05-22/45c6f  
 

| Continuously Improving Recycling Process Design

http://go.firstsolar.com/l/474372/2018-05-22/45c6f
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● Piloting high-value recycling technologies 
for silicon solar modules with Arizona 
State University and TG Companies

● Designing for recycling or reuse (closing 
loop on glass and aluminum) with 
University of Pittsburgh, University of 
California-Irvine, NREL

● Refining the delamination process to 
maximize the quantity and quality of the 
recyclable materials

| Partnering on High-Value Recycling R&D
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Crucial to managing large future PV waste volumes

■ Over 1 Terawatt of PV installed worldwide

Recycling is important for all PV technologies  

■ Environmentally sensitive materials are 
common in the industry (Pb, Cd, 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 
20501

|Why Does High-Value 
PV Recycling Matter?
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REN21, Renewables Global Status Report, 2024.

PV Installed Worldwide (GW)

Recycling maximizes resource recovery and increases the sustainability of PV
1 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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| A Short History of PV Recycling

2005                                2007            2012 

EU WEEE 
Directive

1st global PV recycling 
program in the industry

Ökopol Study

2016            2017            2020/2021

Sustainability Leadership 

& Recycling Standards 

PV Recycling Treatment 

Standard (EN 50625) 
PV Cycle Industry 

Initiative 

U.S. Industry 

Program
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|EPEAT Ecolabel for Solar

First Solar is the solar industry’s first EPEAT Climate+ Champion.

Life Cycle 
Assessment (LCA)

Energy Efficiency 
& Water Use

Corporate 
Responsibility & 

Human Rights

Preferable 
Materials Use

Product 
Packaging

Management of 
Substances

End-of-Life 
Management & 

Design for Recycling

● Establishes corporate and product 
sustainability performance criteria that 
exemplify sustainability leadership in the 
market 

● Globally recognized and independently verified 
Type 1 Ecolabel (designated under ISO 14024) 

● Gives customers confidence that they are 
purchasing an environmentally-leading product 
from a socially-responsible company

● Includes criteria on recycled content, end-of-
life management, and design for recycling

Ultra Low Carbon 
Solar
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● CdTe PV does not have unique end-of-life 

management requirements

● A 2020 IEA PVPS study found that landfill disposal of 

c-Si, CdTe or CIGS modules is unlikely to have an 

adverse impact on human health even in worst case 

conditions1

■ End-of-life disposal impacts of crystalline silicon PV 

modules are comparable to or greater than that of 

CdTe PV

■ Real-life disposal options are likely to be safer than 

those modeled in the study since all modern 

landfills have a lining

| Assessing Worst-Case Risks from Improper Disposal

1 P. Sinha, G. Heath, A. Wade, K. Komoto, 2020, Human health risk assessment methods for PV, Part 3: Module Disposal risks, International Energy Agency (IEA) PVPS Task 12, Report T12-16:2020.
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https://www.astm.org/e3325-21.html 

● Hazardous or non-hazardous waste characterization 
cannot be determined based on PV technology

● ASTM standard establishes representative and 
repeatable sample preparation methodology for PV 
TCLP testing 

■ Applies waterjet cutting sampling method to avoid TCLP 
results variability resulting from mechanical cutting

■ Sample size (9.5 mm) is consistent with median 
particle size expected in landfill 

■ Sample piece should have 100% glass coverage area 
since modules are bonded by laminate material

| PV Waste Misconceptions and Challenges with TCLP

https://www.astm.org/e3325-21.html
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● High-value recycling is important for 
all PV technologies

● Waste characterization cannot be 
determined by technology, 
manufacturing date, or age of panels

● Pay-as-you-go-approach is more cost-
effective and viable than pre-funding

● Facilitating transportation of PV 
modules destined for recycling is 
needed

● Ecolabels and material recovery 
targets encourage high-value PV 
recycling

| Lessons Learned
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