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Low Volumes Now, PV Waste Will be Significant Challenge in Future
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USA Expected As Second Largest PV Waste Volume:

Challenge and Opportunity
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Manufacturing analysis led us to consider circular economy
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Growing PV Waste Source: Manufacturing Scrap

2017 Polysilicon, Wafer, Cell, and Module Capacities. Startup Companies, Materials, and Equipment Suppliers Locations.
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What Do We Do with PV Waste? The 3 Rs.of \Waste Management

PV R&D has set priority topics for
material use reduction or

‘ substitution for different
components commonly used in

today’‘s PV panels Red uce
Reusing modules (potentially
‘ preceeded by repairing) is
conceivable, but practically and
economically challenging

Recycling processes for thin-film
and crystalline silicon PV panels

‘ have been developed and to some
extent implemented on industrial
scale, but more development is
needed

Recycle

Significant recovery potential for
‘ different material streams can be

realized through high-value
recycling




Why Recycle Modules?
Recovery of Valuable Materials, Preventing Release of Toxic Materials
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Potential Value Creation and Circular Economy:

A Whole New Waste Management Industry?

Cumulative PV capacity:
1,600 GW

Life cycle:
Enough raw material
recovered to produce

60 million new panels
(equivalent to 18 GW)

\

Source: IEA/IRENA, 2016

2030

Cumulative Value
Creation:

USD 450 million alone for
raw material recovery
New Industries
and employment

Cumulative PV
panel waste:
1.7 - 8 million tonnes
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Life cycle:
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Extending the Value Chain — Cooperation Among New Partners Will Be Important to

R&D
Organisations

* Public and private
institutions
* Producers

Source: IEA/IRENA, 2016

2

Create a Vibrant Industry

Repair/Re-use
services industry
* Producers

* Independent services partners

* Producer-dependent contract
and service partners (e.g.
installation and construction
companies

+ Waste collectors and companies
* Pre-treatment companies

Recycling
treatment industry

* Public waste utilities and
requlators

+ Waste management companies
* Pre-treatment companies
* Producers

Optimal PV recycling industry will
integrate features and actors
from energy and waste sectors
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Challenges

Waste Management and Recycling

Challenges are to prepare the
technologies, systems and policies to
manage decommissioning and
disposal of end-of-life modules that
can

Minimize costs and

Minimize environmental impacts,

while

Maximizing materials recovery.

Design for Recycling

Conversely, one way to facilitate
economical recycling and maximize
material recovery is to design new
modules that
* Increase speed and ease of
dismantling,
Improve rate and purity of
recovered materials, and
Reduce waste.
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A Challenge to the Value Proposition: Dematerialization
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Source: IEA/IRENA, 2016

From a value standpoint, silver is by far the most expensive
component per unit of mass of a c-Si panel — consuming today
about 15% (incl. losses) of the global silver production.

Reduction of the use of silver is a clear manufacturing target, yet
significantly affects value of recycled modules.
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Historic and expected silver consumption per Wp
Based on: Perez-Santalla, M. (2013), Silver Use: Changes & Outlook,www.bullionvauIt.com/goId-news/siIver—use-lQ.3\02101.32
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New Study Goal, Context and Focus

Circular Economy = A circular economy is an alternative to a
traditional linear economy (make, use, dispose) in which we keep
resources in use for as long as possible, extract the maximum value
from them whilst in use, then recover and regenerate products and
materials at the end of each service life.

Project Goal: to elucidate drivers for sustainable manufacturing and
circular economy through a series of project phases that can inform
sustainable manufacturing strategy and develop analytical and
technical capability.

— Enhanced material efficiency strategies can potentially save 5-9%
of total energy consumption, but these strategies are not widely
implemented or integrated to-date.

— Approaches to collect, sort, extract, and process materials from
end-of-life products are not always cost-effective, the recovered
materials often are of lower quality/purity than that required to
manufacture the same product, and the circular supply chains are
often not well developed or integrated.

BYProg,,
S5

A collaboration between DOE EERE Strategic
Priorities & Impact Analysis, the Advanced
Manufacturing Office, the Solar Energy
Technologies Office, and other DOE partners
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