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How to plan for setting up efficient PV recycling infrastructure ?
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OWhere to locate collection, dismantling and shredding
centers to optimize the cost?

m Density of population, insolation

m Third party reverse logistics company?
m PVTBC in manufacturing facilities ?

m Stand alone near to installation site ?

OHow to utilize current recycling infrastructure of other
product parallel to PV recycling?

COHow to maximize the revenue and/or minimize the cost
of recycling plant?
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0 Max. Revenue and Min. Cost => Max Profit

Type of PV to be recycled

Market value of the reclaimed raw materials
Volume of being recycled

Economics of the hazardous waste management
Variation of landfill tipping fees

Shipping methods

Processing costs

Inventory

Capital, labor, other
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OThere are various current PV manufacturing
technologies

CONew state-of-art technologies to market

m DOE: Technology Pathway Partnership, Next Gen.
PV, PV Tech Incubator, Energy Innovation Hubs

m NREL incubator program
m Stimulus money

ODevelopment of new recycling technologies should be
parallel to rapid trend of new PV manufacturing
technology

NATIONAL LABORATORY



OPVTBC will face challenging material separation
decisions

OOMust evaluate the trade-offs b/w different cost and
revenue structures

OPVTBC will need quantitative tools to evaluate the
optimal level of processing

OComputationally tractable generic model to provide
sensitivity analysis on key parameters

COEncourage research opportunities for technology,
recycling process design, and controls.
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First Solar’s recycling process

Hydrogen
peroxide

Collection: Shredder: Hammer mill: Film removal:
The modules are collecied in containers I the first step, the solar modules are A hamumer mill is used to break the module The semiconductor layer is removed in a
and loaded mto a shredder using a forkiift shredded cearsely debyis into around 4 - 5 mm pleces, This leaching process inside a slowdy turning
separates the faminate foil layer staintess stee! drum. At the start of each
from the glass leaching process, suffiric acid and hydro-
gen peroxide are added to dissolve the
Cdfe

Precipitation: 5 . . .. -
pagated Glass rinsing: Separation of glass and famination Removal of solid and liquid materials:
Thﬁw ﬁgegse ina mmeﬁigmmm?;; Theglass is \n;hed to remove 2l the materials: Glass and larger pleces of EVA The content of the dium is slowly fed intoa
system ﬁgﬁ,m concenteated, The fesuifiag remaining semiconducior material residue.  foil, which previously held together both slid-fiquid separation unit, The sofid material
filter cake is i thieed party for restal on the glass sections of the module's glass, ate separated is brought to the surface by a rotating screw,
sonentes Pty in a vibrating sieve while the liquid remains in the unit

recycting. The jecovered imetals are used i
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Process flow for modelin
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Base model for“PV;

O Objective function

T 1 K 14 T T 1 K T
AWA Jr Nljkt Zzﬁ“itmit_ J chkplkxlt_zzhtﬂ’lllt
t=1 i=1 k=1 j=9 t=1 -1 t=1 =1 k= t=1 -1
re\;entue frtom I coscti Olf [ngenie, processing cost Inventory cost of
output materials modules i RS

O Subject to

m Material flow balance (incoming, transition, outgoing
materials)

m Capacity limit of equipment
m Minimal inventory setup
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O Scenarios are analyzed with variations of following

m Cost of Incoming PV module
* Freight, packaging, labor costs

m Shipping costs

« Transportation to landfill, labor costs
m Market price of CdTe filter cake
m Market price of glass cullet
m Landfill tipping fees

OGAMS! (General Algebraic Modeling System) is used.

Lhttp://www.gams.com/ BROOKHEUEN
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Total: 672 tons

Module/month: 58195 Recycling Profit ‘
: bl
A1 AR !
g -1 :l/ 1 1 I
wn
2 2 f
S
= -3
4 L
-5
Scenario #
e Cents/W
—o—$/month |-63,025 | 23,486 | 21,700 -64,361 -64,027 |-149,044

O 1: Base scenario O 5: Higher Landfill tipping fees
O 2: Higher glass cullet price O 9: Higher shipping cost
O 3: Higher CdTe price O 17: Higher cost for incoming PV
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Monthly Profit vs. Incoming material cost
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O Profit breakeven point for scenario 17 with variation of incoming

module cost.

O PVTBC will remain profitable as long as the total incoming module

cost does not exceed this value.
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OPerformed a preliminary study of recycling processes

OCreated a mathematical model for analyzing the
profitability of recycling technologies

Ointend to extend this model for building a general
framework of various type of PV recycling planning.
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OWhat will be the relationship among
m Environmental system
m Economic system
m Engineered system
m Human (as final consumer or labor input)

CONeed of integrated multiscale modeling

m Enables to analyze the effect of change In
one system to another

m In various spatial and temporal scale
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OAnalyze the effect of policy in the macro economy level
to the PV industry through Multiscale Integrated
Analysis

OAnalyze the macro-level PV waste flow through World
Input-Output Model

OHybrid input-output LCA for analyzing the effect of
recycling to the reduction of resource uses and
emissions
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