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Market Development

Further market
growth only by signi-
ficant cost reductions

Reductions of EBIT/
margin seems
inevitable

Thin film PV will take

the same course as
wafer based PV
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Market Development

Photovoltaics:
- The price problem -

* PV market will continue to
be artificial for the time being

* Price increase for fossil
and nuclear fuels may be
helpful for PV

* Thin film PV has higher
potential for cost reductions

* Thin film solar cells have
shorter energy payback
cycles
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Market Development

High efficiency branch:

» smaller part of the market

« efficiency is technology driver
» some thin film technologies
may be competitive

BIPV (building integrated
photovoltaics) branch:

* larger part of the market

» Wp costs are technology
driver

* large sized cells in
flexible modules (or cheap
conventionel type modules)

2007

All types of
solar cells in
conventional

modules

Market
saturation
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High efficiency

» crystalline cells
 tandem/triple Si tf
cells

* CIGS cells

... In conventional
modules

BIPV"

» cheap Si TF cells

» cheap CIGS cells

» cheap CdTe cells

» cheap ...

...In cheap modules




Challenges

Three Challenges

,jrurnkey* Solutions (f. thin film solar cells)
Reduction of production costs

New solar cell/module concepts
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,rurnkey“ Solutions

Silicon thin film has
longest history but lowest
potential for high efficiency

CIGS has highest
efficiency potential. Indium
price problem/shortage
may only be of a speculative
nature

CdTe suffers from a
a bad reputation (Cd
cancerogenic) but now leads
the race for the lowest
price per Wp (First Solar)

Source: ZSW, Stuttgart
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,rurnkey“ Solutions

Experienced” solar cell maker

(Vacuum) systems Know how: Line integration, optimisation P
manufacturers do not A )
have sufficient know- /
how in highly efficient Example
»1urnkey“ factories Solar

— Process 1 Process 2 Process3 [ Process4 [~ cells

Research institutions
often offer only lab > S > &
processes which g % ~ g % ~
have not been tested g @ g @
sufficiently in production
environments

The dynamics of the (Vacuum)
thin film PV market "
does not give much SyStem suppller
time to develop new
technologies thoroughly - o - o
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Component Consumable
supplier supplier
(e.g. Power Supplies) (e.g. Sputter Targets)
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Cost Reduction

There are two major
obstacles on the way
to serious cost reductions

-- missing standards in Glass: 910x910 mm?2, 455x910 mm? , 1400x1100 mm?2, 600x1200 mm?Z,
size 800x1300 mm?, 300x1200 mm?, 600x900 mm? , 650x1250 mm?,...
-- missing mainstream Web: 10 mm Cu web, 300 and 600 mm steel web & polymer...

technologies

Established or still under development: PECVD, MOCVD, (co)-Sputtering, (co)-
Evaporation, Paste, Inkjet, Electroplating, Nanoparticle/Sol-Gel etc.
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Cost Reduction

TCO performance is crucial for the struggle towards higher solar cell
efficiencies
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Cost Reduction

Magnetron Sputtering
Cylindrical magnetron
sputtering cathodes have

reached mature stage Cylindrical Target Planar Target

Rotation of target,
power transfer and
cooling are industrially

£
.
%
viable

Magnets &
Target manufacturers Iron VoK
have understood on yoke

the significance / \
of this technology Target-

carrier

Not every material —
Is suitable as cylindrical /
targets Target Material /

~Racetrack” Plasma

,Redeposition
zones"”
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Cost Reduction

Magnetron Sputtering

Planar Sputter

Magnetron
with ZnO:Al, O, target

» mature technology
* N0 Moving parts

Cylindrical Sputter Magnetron
with ZnO:Al, O, target

« much higher target utilisation

» much higher sputter rates

* NO re-deposition zones

» TCO resistivity not subject to target
lifetime
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Cost Reduction

Using cylindrical
ZnO:Al ,0O4
targets reduces
material costs about
40% (as of 01/07)

2-3 times higher
deposition rates
saves investment
costs
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Cost Reduction

Costs for Situation: 01/2006
magnetron and
targets, accumulated
for 1,2 and 3 years of
operation respectively

Significant reduction
of investment and
consumable costs
for cylindrical magnetron
cathodes within one
year

Situation: 01/2007
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New Solar Cell/Module Concepts

Concept for CIGS solar cells on metal strips

LAll-in-one” solution
for CIGS on flexible
substrates

no monolithic

series connection /

Length of substrate
1000-4000 m

Change of substrate
witout venting entire
machine
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Conclusions

* There are still some efforts necessary to bring all
major thin film solar cell production know-how to the
vacuum systems manufacturer community

e It is Imperative to cut the costs for solar cell production
equipment (~30% by 2010)

* New solar cell and module concepts will be needed to
establish PV as a lucrative supplier of electrical energy
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