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1 7 FAQ with regard to CdTe Photovoltaic Modules

Overview of Questions

No. | Question

1 What is Cadmium - Telluride (CdTe)?

2 How is Cadmium - Telluride produced?

3 Does CdTe bear a toxic potential / toxicity?

4 Does the encapsulated CdTe bear any environmental or health hazards?

5 Do the modules contain pure metallic cadmium?

6 How much cadmium is being used to produce one Calyxo module?

7 What would happen to the metallic cadmium if not being put to use in
photovoltaics in form of CdTe?

8 Why are we talk ing about CdTe/CdS photovoltaic modules ?

9 Is Cadmium - Sulphi de toxic?

10 What other materials are in a Calyxo module and how is it structured?

11 Are any of these other materials toxic or harmful to the environment?

12 What is the polymer foil?

13 What is the polymer tape?

14 What happen s during lamination and why can you consider the layers to
be encapsulated after that process?

15 Isther e aspecial glass used for the front and back substrate?

16 How much CO, is emitted duri ng the life cycle of a CdTe photovoltaic
module 1 including the metal winning processes, module production and
recycling and the Balance of System (BOS) (CO, Equiv alents T GWP

Global Warming Pote ntial)?

17 What is the abiot ic material consumption forCdTe PV modules?

18 What is the water consumption for production of CdTe modules?

19 Are any hazardous substances released during lifetime of a Calyxo
CdTe PV module i 6&from cradle to rec ycling 67?

20 What is the energy pay back time of the modules T e. g. when have they
yielded the energy which has been used to produce them?

21 How does the ecological footp rint look like in total?

22 How does a conventional resource like natural gas compare to CdTe in
terms of electrical yield?

23 How do PV Systems compare to conventional resources an d technologies
for electricity generation in terms of land use?

24 When will PV Systems reach grid - parity, or when will electricity ge n-
erated from PV install ations without subsidies be competitive to
electricity fro m conventional sources?

25 How much Cadmium is released during the lifecycle of a Calyxo Module
and how much Energy is generated during that time i in comparison
with a modern coal fired power plant?

26 Whatisthe C ~ admium emission - reduction potential of this technology?

27 What is the total pollution prevention potential of CdTe PV techno I-
ogy

28 Are there | ong term environmental impacts relating to the use of
CdTe PV modules with regard to groundwater, soil or ambient surroun d-
ing?
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29 Do we bequeath an ecological burden to our grandchildren by utilizing
CdTe Photovoltaic Modules ?

30 Will there be electromagnetic pollut ion stemming from PV Power
plants ?

31 Assuming, a module is broken during an accident or is destroyed on
purpose 1 will there be ar elease of hazardous materials which bear
environmental or health risks?

32 Would the modules be destroyed by hail ?

33 Are the modules combustible?

34 In case of a catastrophe i e.g. afire I is there a risk of release
of Cadmium to the atmosphere?

35 Does acid rain harm the modules or can Cadmium be leached by rain in
general?

36 What is Calyxo Life Cycle Management?

37 How is the responsibility for the life cycle secured within Calyxo?

38 What is the toxicological classification of Calyxo Modules?

39 How does the take - back of EoL modules work?

40 Who bears the costs for the take - back process?

41 How does the recycling process look like?

42 Wly do the modules need to be registered?

Table 1 T Overview of Questions
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11 7T Q&A
11.1 i Materials properties I Cadmium, Cadmium - Telluride, Cadmium -
Sul phide
(1) What is Cadmium - Telluride (CdTe)?
(1.1) Cadmium - Telluride is a chem ical compound made out of cadmium
and tellurium merged into a crystalline structure. The two metallic
compounds are chemically bonded and in molar equili brium (1:1).
Figure 1 i Cadmium- Telluride
Macroscopically, CdTe is a brown ish cubic crystal. On an atomic
level, CdTe has a cubic crystalline structure which is similar to
native zinc sulphide. It has a molecular weight of 240 9 mo and a
density of 6200 K9/ . The melting point is at 1041 deg. C. Itis i n-
soluble in water and ca nonly bed ecomposed by nitric acid. CdTe o f-
fers a great potential for application in photovoltaic technology ,

as its band gap is very close to the daylight spectrum.

More detailed presentation of compound properties can be found els e-
where """,

(2) How is Cadmium - Telluride produced?
Essentially, Cadmium is a waste product from zinc, copper and lead

mining and purification. In its metallic form, the compound has ce r-
tain toxic properties, which limits its further use T eg. for ele c-
tronic appliances. Howeve r, by upgrading it with the Tellurium T
which is another by - product of Copper and Lead product that can be

leached from the tailings for further purification i a useful pro d-

uct can be generated, CdTe. The upgrading process is a chemical
process, where Cadm  ium and Te | lurium are bound to each other.
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Figure 2 i CdTe production process

(3) Does CdTe bear a toxic potential / toxicity?
With reference to the chemical stability and the insolubility of

CdTe, it is far less toxic than meta [l ic cadmi um, as it
sorbed in the human metabolism. Scientific evidence has shown that

the toxicity indicators are several orders of magnitudes below Ca

mium and other Cadmium co mpounds V. A s the CdTe is sealed in the mo

ule, an exposure which co uld lead to resorption is virt
sible. A direct contact to CdTe during production is also avoided
and exposure is kept as low as reasonably possible. For detailed i
formation on possible hazards resulting from catastr

(e.qg. fires, br eakage etc.), kindly refer to chapter 2.2.

(4) Does the encapsulated CdTe bear any environmental or health hazards?

ually impo

ophic failures

Harmfulness of CdTe is bond to a very high dose entering the human

metabolism. This could only be the case, if flakes or particles of a

gri nded module are inhaled or swallowed. As these flakes or part
cles can only be generated by grinding the module to pieces, an e
position to CdTe during normal operation is impossible. Furthermore
gaseous emissions can be ruled out, as the vapour pre

at ambient temperatures is close to zero. Kindly refer to the r

sults of long term tes t ing discussed in chapter 2.1.
(5) Do the modules contain pure metallic Cadmium?
No.

(6) How much cadmium is being used to produce one Calyxo module?

b-
d-
d-
S-

n-

i-
X-

ssure o f CdTe

Stochiometr ically, CdTe is Cd ,Teq; to form it 1 mole Cd and 1 mole Te

react with each other to form the stable compound CdTe. The molec
lar weight of Cd is 112 9/ mot,» Whereas for Tellurium it is 128
To generate one kilogramme of pure CdTe, one needs to put in

of metallic cadmium. With reference to the amount of CdTe used in
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one of our modules, this would result in approx i mately 7 to 12 g of
Cadmium use for providing the 15 to 25 g of CdTe encapsulated in the
module to harvest the e nergy from the sunlight.

(7) What would happen to the metallic cadmium if not being put to use in
photovoltaic modules in form of CdTe?

Cadmium is a by - product of zinc smelting T therefore, its production
volume is proportional to the global  zinc production. If it is not
putin to a use or stockpiled for future
up being cemented, buried or disposed of in landfills

us

e

As a study of the European Commission Joint Research Centre Y has co n-

cluded, the use of Ca dmium in form of environmental stable Cadmium

Tellu ride in photovoltaic modules is its most e nviro nmentally

friendly use.

(8) Why are we talking about CdTe/CdS photovoltaic modules ?
As the function of the photovoltaic cell requires a second layer of

semiconducting material, there is another layer of Cadmi um Sul phide
i-

contained in each module. Its thickness is between 0.1 to 0.3 m
crons, which is minor, compared to the 3 to 8 micron layer of CdTe.

This Cadmium - Sulphide layer is used within other thin film technol

gies (like CIGS) as well.

(9) Is Cadmium - Sul phi de toxic?
Cadmium- Sul phid e (CdS) is toxic and harmful to the environment. Ho

tion and asandwichingé it between two | ayer

into contact with humans or the environme
cle. Working exposure during the manufa
the lowest achievable level.

nt during normal life c
cturing process is limited to

CdS

Figure 3 1 Cadmium- Sulphide

O-

W_
ever, by deposition of the ultra thin film on the glass, encapsul a-

y_

(10) What other materials are in a Calyxo module and how is it st r uctured?

Front glass sheet
i TCO front contact (SnO 2)

T CdS/CdTe semiconductor coatings

1 Metallic back contact

| Encapsulation polymer

i Polymer sealing tape

T Back glass sheet

— MW R

0 N o o b~ W N P

1 Junction box on backside

Next to the CdTe and CdS | ayers contained between the two glass
sheets, there are two more la yers, one metallic back contact and a
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polymer foil. The module is connected to the installation grid viaa
junction box on the backside.

(11) Are any of these other materials toxic or harm ful to the environment?

No. Furthermore, all contained materials are encapsulated in the

glass by means of lamination with a specific polymer, an exposure to

the environment or to humans can not take place. The i ntact m odule
forms a composite.

(12) What is the polymer foil?

A special foil is used to laminate the front and back glass to form
the composite module and to f i nalize it. It is a fast connecting
polymer, like EVA (Ethylene -vinyl - acetate).

(1) EVA (Ethylenvinylacetat):

f '1_;’ \
—+ [ CH,-CH;——{-CH-CH, ) -
\ : ; )x. \ ’ y
(0]
>c——cH,
s
@)

Figure 4 i EVA Monomer
(13) What is the polymer tape?

The polymer tape is used to add stability to the composite and to
insulate the conducting layers at the edges of the module.

(14) What happens during lamina tion and why can you consider the layers to
be encapsulated after that process?

During lamination, the polymer foil (which is sandwiched between

coated front glass and bac k glass) is heated under vacuum cond i-
tions. Long chained polymer molecules start rest ructuring during
that process and establish a connection between the two substrates.

Furthermore, the foil b ecomes transparent during that process.

After that, the layers can be considered encapsulated and the module
is a composite, as a m echanical separat ion of front and back glass
is no longer possible after lamination.

(15) Is ther e a special glass used for the front and back substrate?
No, it is normal float glass i however, the front substrate is
coated with a conducti ve anti - reflection layer, which is also co m-

monly used for other applications.
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1.1.2 - Environmental Impact

(16) How much CO , is emitted during the life cycle of a CdTe photovoltaic

module 71 including the metal winning processes, module production and r e-

cycling and the Balance of System (BOS) (CO, Equivalents i GWP ¢é Gl oba

Warming Pote ntial)?

To achieve a better comparability to other means of electric energy

production, it is helpful to use a common unit applicable to all

technologies. Such a unit has been established by converting a I
greenhouse gas emissions during lifetime to CO > equivalents per ele Cc-
trical yield:

g CO,- Eqg. emitted / kWh electric yield

CdTe PV systems reach a value between 15t0 25 g CO,-Eq./kWh T as-
suming a module lifetime of 30 vyears, an insulation of 1800
kWhm?/year  and a performance ratio of 0.8

1210
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and Kim  2005) 2008)
2007
Figure 5 i Life Cycle GHG emissions of PV Systems compared to other Energy production sy stems
Author: Andreas Wade (15.04.2010) Approved: Erik Ruge (15.04.2010) Page 9/29

Approved: Christoph Miuhlenbeck (15.04.2010) Approved: Kerstin Eichhorn (16.04.2010)



FAQ CdTe

PAS-11-05-0157-EN

Rev.:

4.0

calyx

C0,-2q ghih

50

30

C0g-2q (g KWh)

Figure 6 1

20 4

Ribbon,
11.5%

iajl

PulG-5i,
13.2%

Mono-Si,

14.07%

CdTe,
3

Ribkaon,

11.5%

ihi

Mult-Si,

13.2%

Monz-Si,
14.07%

CdTa,
2%

OBos

|

EFrame

OFrameless |
Module

Ritbon,
11.5%

izl

Multi-5i,
13.2%

Mono-5i,

1408

CdTe,
&%

Multi-Si,

12.2%
i

9%

CdTe,

GHG emissions of different PV Technologies: (a) Europe
stallation; average solar radiation (1700 kWh/m2/year), rooftop mounted; (b) Si Eur

pean production, US module production and installation; average solar radiation (1800
kWh/m?/year), rooftop mounted; (c) Si European production, US module
stallation, SW solar radi
mounted; (d) Si European production, US module production and installation, solar r.
diation of Springerville, AZ (2060 kWh/m?/year), ground mounted vi

an Production & |

production and i
ation on latitude tilt surface (2280 kWh/m?/year), rooftop

n-
o-

Figur e 7 gives a similar picture for Southern European solar radi
tion conditions.

50

on-roof installation in Southern Europe

Carbon footprint
g CO,-eq/kWh

Figure

1700 kWhlmz.year irradiation on optimally-inclined modules

0 REC]

REC

%

mono

backsheet
2008
14.0%

30 years
79

By converting this fa

multi

ribbon

glass-EVA-

ol EVA
dl

backsheet

2007
13.2%

30 years

I EV.
g A

backsheet
2009
132%

30 years

CIGS

glass-PVB-
glass

2009
10.5%

CdTe

glass-EVA-
glass

2009
10.9%

30 years

30 years

a-Si

glass-EVA-(g

pm-Si

EVA

backsheet
2008
6.6%

30 years

glass
2008
8.5%

30 years

Carbon footprint of Photovoltaic Systems

[Mtakeback & recycling
Winverter

Omounting + cabling

Olaminate
Hcell
mwafer

DOsilicon feedstock

no framing!
ecoinvent 2.0 background

m.dewild@een.nl
11 November 2009
viii

whole lif

e-

Approved: Christoph Miuhlenbeck (15.04.2010)

ctor, one can say, that during the
cycle of our CdTe Module, star  ting from the metallic ore , ending at
the recycling about 1 tonne of CO , is emitted to the atmosphere,
whilst a coal fired power plant would have emitted over 50 tonnes to

generate the same electri city.

Doing another conversion, one could say, that each in

stalled Meg a-
watt of Calyxo CdTe PV capa city saves over 1 tonne

of CO , emissions
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per hour of yield I compared to the energy generation with coal
fired power plants

When looking at the future electricity generation systems based on

fossil fuels based on p ulve rized coal (PC), gasification (IGCC) and
carbon capture and storage (CCS), CdTe PV Systems still have a si g-
nificantly lower carbon footprint.
300
262 PC = Pulverized Coal o !
250 - 245 CC8 - COr Copure and Strage
E = Data Sources:
83 2001 176 Ecaimeant 20 {oind. nattes) —
° {U - this study (PV)
2 o 150
c o
o0
% % 100 1
o
50
12 8 16
0+ . ——
hard coal hard coal hard coal wind nuclear PV
PC + CCS |IGCC +CCS |PC oxyfuel + CdTe
ccs
DE DE DE EU EU SEU
2020 2020 2020 2005 2005 2009

Figure 8 i1 Carbon Footprint of future electricity

(17) What is the abiotic mater ial consumption for CdTe PV modules?
The abiotic material consumption or use is one of the standardized
indicators used for life cycle asses sments in the international
standard 1S014042. It is a summary indicator specifying the
use/consumption of minerals, fossil fuel and other abiotic resources
during the production pro cess. For the production of CdTe modules,
this indicator not only contains values for the production of the
metallic compounds CdTe, CdS and the back - contact metals but also
for the glass, t he su pport structure (BOS) and the EVA foil. The

outcome of a screening with regard to this indicator is displayed in
the diagram below.

1,6
1,4

1,2

kg pro kWh bereitgestellter Kapazitat
(=)
o]

E fn Abiotischer Materialverbrauch (incl.
2 = D " BOS)
= @) = 0
@ S () o i
u‘i ] > o
gy a g ©
38
2y
S
c
[
g
=]
N4
Figure 9 i Abiotic material consumption X
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Poly -S'i € polycristalline Silicon Modul es
Cl S @pp& -Indium - Selenide / Copper - Indium - Gallium - Diselenide
PV Modules
Cd T e Caé&dmium- Telluride PV Modules
One can convert this value as follows. To produce a module with a
performance of 60 Wp (which could generate around 800 kWh of ele c-
trical energy in Germ any) and a lifetime of 20 years, one needs 2560
kg of abiotic materials. Compared to the abiotic consumption foo t-
print of the a verage European Energy mix of 2005 ( 31.2 % nuclear;
53.4 % coal, oil, gas; 11.5 % hydro; 2% wind;1.9% other Renewables),
this is a 90% reduction.
(18) What is the water consumption for production of CdTe PV modules?
Adjacent to the abiotic material consumption, the international
standard used for life cycle a ssessments, defines a water consum p-
tion indicator, which summarizes the a mount of water po | luted during
lifetime of a product I again, starting from the very first resource
modified during the production process and en ding at recycling. The
figure below gives the results of the screening carried out in this
regard.

kg pro kWh bereitgestellter Kapazitat
w

X

_E @ < Wasserverbrauch (incl. BOS)

7 7 2 .

P 5 ; 3

=] a

8§

S

<

g

s

Figure 10 i water consumption

One could convert this indicator, by saying, that the production of a Mad-
ule consumes around 8m3 of w ater. Again, in comparison to the current e n-

ergy mix, this is a 90% reduction in water consumption.

(19) Ar e any hazardous substances released during lifetime of a CdTe PV
Module 1 fromcradletor ecycling?

With reference to available scientific studies X! there is no evidence for

any release of hazardous su bstances during lifetime of our modules. Su b-
stance bear ing a hazardous potential T eg. CdS 1 are keptin a closed

loop, thanks to our recycling concept. Exemptions would only occur, if
modules leave the life cycle or an accident i like a fire i destroys the

integrity of the module and its encapsulated layers.
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Emissions during production are way below the legal limitary values and
equire a permit under emission protection

production facilities do no r
laws. Exposition of co

able level

(ALARA) .

(20) What is the ene

future.

Figure

- workers is limited and kept to the lowest achi

rgy pay back time of the modules
yielded the energy which has been used to produce them?

Average energy pay back time (EPBT) for
many is currently around
indic ates, that we will be able to reduce this to about 1.5 to 1 years in

117

15to 2

ev-

T when have they

CdTe PV modules installed in Ge r-

(21) How does the ecological footprint look like in total?

Energy Payback Times of CdTe PV Systems in Europe

Xiii

years. However, our development funnel
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