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PV Sustainabilitx Criteria

m Photovoltaics are required to meet the need for abundant
electricity generation at competitive costs, whilst conserving
resources for future generations, and having environmental
Impacts lower than those of alternative future energy-
options

Sustainability Metrics:

m Cost

m Resource Availability
m Environmental Impact
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Renewables -
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Te and In Availability for PV: primary

Sources + Materials from Recycling of Spent PV Modules
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Resource related Constraints alleviated with
Recycling & Technological Advances

Especially needed is R&D on
developing thinner layers.

Material-related sustainability will be

ir ith-enhanced fir
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of the semiconductor layers, and efficient
recycling of spent modules.

CdTe PV (GW/yr) CIGS PV (GW/yr)
250 SUCPVT 200
Optimistic_— - |
/ Optimistic
200 P
150 :
// Most likely _~Most)
150 - 4
100
100 1
/
50 4
50 - . /.j-/ .
Conservative %0 Gonservative |
0 RERRRSRRRE 0 "‘"/'\ | | |

000 2020 o040 080 o080 oqop N0 200 2040 2060 2080 2100

Fthenakis, Renewable & Sustainable Energy Reviews, in press BROOKHEATEN

NATIONAL LABORATORY
7



Environmental Considerations

mEnvironmental footprints of energy technologies
should be quantified in a life cycle framework

m Land Use

m Energy Use

m Green House Gases
m EH&S Risks

m End-of-life Disposal
m Recycling

Zero Impact technology does not exist =» compare
with other energy producing technologies as
benchmarks
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Land Use

Sinzheim, Germany, with permission from Juwi, 2006
1.4AMW
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More Land is used by the Coal Life Cycle than PV

F

Mountain Top Coal Mining
Rawl, West ir_i nia

} R v og
Land requirement for surface coal'miniﬁé: 320 m?/GWh
Land requirement for PV in the SW: 310 m3/GWh
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Insolation: 1700 kwh/m2-yr
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nergy Demand
le Production

Options to Reduce Energy Demand
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GHG Emissions from Life Cycle Energy of
Electricity Production
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EH&S Risks

m [t IS of the outmost importance for the PV industry
to minimize EH&S risks, preserving safe and
environmentally friendly facilities and operations.

m Addressing EH&S concerns is the focus of

numerous studies at BNL (>200 publications, tutorials,
workshops, presentations, site visits).

m [he US PV industry exercises continues vigilance
to minimize the risks of hazardous substances.
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Recycling of Spent Modules

m Provides a source of materials

m Resolves environmental issues related to end-
of-life
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Recycling R&D at BNL: CdTe and CIGS PV Modules

Recycling of Spent Electrolyte
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CdTe PV Module Recycling: Cd-Te Separations
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*Cd, Te extraction & separation was completed at a projected cost of 1 ¢/W,

*On going work on purity of recovered metals
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Recycling Se and In from End-of-Life CIGS PV Modules

Recycling of Spent Electrolyte
PV, Wast
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The PV CYCLE Voluntary Initiative

ASSOCIATION

PV CYCLE

Suntech joins PV module recycling group (May 7, 2009)
Yingli, China, to join PV CYCLE (May 11, 2009)

Current Members:

Aleo

Ava Solar
Avancis
Arendi

BP Solar
Conergy
Ersol

First Solar
GE Solar
Isofoton
Johanna Solar
Kyocera
Q-Cells
Photowatt
REC

Sanyo
Schott Solar
Schueco
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Scheuten Solar
Sharp
Siliken
Solarfabrik
Solarworld
Solon
Solpower
Solyndra
Sulfurcell
Sunpower
Sunways
Wurth Solar
EPIA

Associated (partial list):

BSW
ECN
SN PV

-43 members so far-
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Global Responsibility
The Washington Jost

Solar Energy Firms Leave Waste
Behind in China - March 9, 2008

SiCl, dumping in the fields,
Henan Province, China
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Conclusions

Major Sustainability metrics include cost, resource availability, and
environmental impacts

=  These three aspects are closely related; recycling spent modules
will become increasingly important in resolving cost, resource, and
environmental constraints to large scales of sustainable growth
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