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Table 13 World production of mineral commodities used
in PV panels, 2015

2.1 Sustainable development and the waste management principles.

World production 2015
(thousand t)
Aluminium 58,300
Cadmium 24,200
Copper 18,700
&pfn“teﬁ:‘mea:; Gallium 435
Indium 755
Lead 4,710
Lithium 32,500
Molybdenum 267,000
Nickel 2,530,000
Selenium > 2,340
Mo ledan oa Silicon? 8,100
future generations Silver 27,500
Tellurium >120
Tin 294,000
— Sum 3,268,460

Based on US Geological Survey, 2016
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YuALYad Wp Kg Kg/Wp
C-Si 215 22 0.102
a-Si 60 17 0.284

CIS/CIGS 70 13 0.185

CdTe 59 12 0.202
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UsznnFan Sosazve9nsfnUsTNauUVDILYaaTUAGRNS 9
c-Si a-Si CClIGs/Cls CdTe

LLA7 74.16 86.00 95.00 84.00
E)z@ﬁl;ﬁ&]ll 10.30 0.035 0.35 12.00
3o 6.55 3.50 3.00
VIaans 3.60
n@euUszanu 1.16 0.02
udle 12.00
MBDILLA] 0.57 0.90 1.00 0.80
LU 0.005
Fun 0.12 0.04
danzd 0.12 0.01 0.12
Fanoau 3.35 0.0064
a1z 0.06 0.05
LLARLIiea 0.07 0.0005
tMmagLaau 0.07
BuLAB 0.50 0.02
LULaLtda 0.03
naLasu 0.01
LRDUILEB 0.50

<S4 100.00 100.00 100.00 100.03
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NFLUUNS WmAtALAaZISAS
ATTUAUMSTNMENN | MSuenmeilo (Manual separation)
(Physical treatment) msuendenaindnssnluii (Automatic separation)
NIZUIUNTNNG NN3E0UUUINAIBUTARDU LU Blade crusher)

(Mechanical treatment) | N15EA8YUINNILLSINA WU Harmmer mill

MstiosTuIAFIENNTEY Lty Vibrating disk mill, oscillating disk mill)

= - .. .
ATEUMUMINIANNTRY | MTIMRanniiaa (Pyrolysis, incineration)

(Thermal treatment) ﬂ'l‘iLN’ﬂULWHJ@ﬁ"S“EJ'] Fluidized bed reactor

= i = . . ' v
ATZUAUMSNIAAL] AsvyaratenIsaIsiall (Chemical leaching) WU NSvava1uMIY
(Chemical treatment) nsA Nsvzazanamedanilal ufu

A5UNaUAU (Recovery)

ATEUIUNSANRTA nauhndululglu (Recycling to the same product)
(Disposal treatment) ﬂ"l’iﬂ']ltﬂﬁﬂlﬁﬁf}ﬁUi@& (Secondary raw materials)
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mailUldduansidu (Fillers) lumndnTandu

A1stlanay (Landfill cover)
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v o 3
AT |

| Tempered glass

I! Silicon

EVA

k\[ tal electrodes

Silicon I

E\'A

ks Qs
ATNKad

Junction box 7

[S. Kang et al., Renewable Energy 47 (2012) 152-159.]
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@ & o
nmIaatantuadIfan

(Physical Conditioning/Separation)

1 a o o g‘q i =
PV module Nig13a1da%1s wannsauagiitfionunz back sheet wen Tempered glass , PVcell nagslsznauIn
w3o lai17a1uan 27n PV module 31N PV module iadavuag (Metal Electrode)

4 3

Taﬁ:agﬁlﬁﬂu ILag back sheet Tempered glass
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asanatalanziiwain PV cell

(Metallurgical Process)

TeRLALRITUTENOULIY ATRILENLDN anaLan lansiinannasazanslag

PV cell Nag1sdsznauin 5 ~ L - i
—>| 977 PV cell 628030 be 3N b RITRZAUNN LY —  dildanaznaudramsitlane

CERM agl: (Metal Electrode)

SN AzANLagaanaIn PV RINLA
(Leaching) 1 (Cemiition)
Silicon wafer Tanzion

(Pure silicon)
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Table 10 Examples of waste codes relevant to PV panels from the EU List of Wastes

Type Waste code Remark
all types 160214 andul:;trggln\évaste from electrical and electronic
. Discarded equipment containing hazardous
160213 components
Municipal waste, used electrical and
200136 electronic equipment
200135* Discarded electrical and electronic equipment

containing hazardous components

In special cases also: e.g. amorphous-silicon

@-Si) panels 170202 Construction and demolition waste - glass

* Classified as hazardous waste, depending on the concentration of hazardous substances. Table 10 portrays leaching test methods
commonly used for hazardous waste characterisation.
Based on European Commission, (2000)
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16 02 vouaaonginsai lnlvhuazaanlnsiing (wastes from electrical and electronic equipment)

=] P = a 3 oA .
160209 | HA | nieudasliihwazdunuilszaniiars Indnaosiumaaluiliia (transformers and capacitors

containing PCBs)

A

160210 | HA | gunsal Wil lildanunds AivTetuiloudeans InanaeTundalufliia #1319 16 02 09

(discarded equipment containing or contaminated by PCBs other than those mentioned in 16 02 09)

160211 | HM | gunsal Idhi lildauuds tiivieduiloudiemsnasTsvgeslsnmsueu nioas HCFC

Y30@135 HFC (discarded equipment containing chlorofluorocarbons, HCFC, HFC)

160212 | HM | gunal Ivdhi lildaunda #ilinslefiudase (discarded equipment containing free asbestos)

160213 | HM | gUnsalldihalilFamuda Ansudnidusunsio 71519 16 02 09 §4 16 02 12 191 992M
Aazaulls A AINTUT ii;“lJS 9 (discarded equipment containing hazardous components
(Hazardous components from electrical and electronic equipment may include accumulators and
batteries mentioned in 16 06 and marked as hazardous; mercury switches, glass from cathode ray

tubes and other activated glass, etc.) other than those mentioned in 16 02 09 to 16 02 12) !‘ﬂuﬁu

16 02 14 gunal vl Tl amnds 7113079 16 02 09 94 16 02 13 (discarded equipment other than those

mentioned in 16 02 09 to 16 02 13)
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1702 17 uns waradn (wood, glass and plastic)

17 02 01 151 (wood)

17 02 02 A (glass)
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H1 ‘mssuia (Explosive’)

H3-A %lWgann (‘"Highly flammable’)
H3-B ‘1w’ ('Flammable’)

H5 <suase (‘harmful’)
H7 «aeuzi3e ('Carcinogenic’)

H9 Gaise’ ('Infectious’)
H11 ‘femsnaening’ ('Mutagenic’)

H13 msiaenvisemswanihusiuslaonmsiinia wsenalfnzenls
d v v
amsouliudd

H2 ‘msdendlad’ ('Oxidizing’)

H4 <szmanoq ('Irritant’)

H6 «iluiiw’ ('Toxic")
H8 iansew’ ('Corrosive’)

H10 “Juiivdeszuvauiiuguazihlvihannuaalndlumsn’ (Toxic
for reproduction and 'Teratogenic’)

H A . 4' YY)
H12 asennsemswannlassmasiiveaniioauia

I 21MA KI9NIA

H14 «iluiindeszuviinmi ("Ecotoxic’)






