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Y] General Market trends

- PV market shows still a very attractive growth rate (>40%) in the next years
- Solar panels tend to lower prizes in 2009

- Market forecast shows trend for overcapacity in 2011/12

- Market growth for thin film shows huge upside potential

- Many new subsidy programs started or are revised in different countries

- Due to lower manufacturing cost grid parity is expected in 2011/12

I
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Y] Market share Thin Film and crystalline technology

Thin Film Technology Chances and Risks

- Crystalline silicon will remain
the main stream

- Market share of thin film is

expected in a range of 20-25%
in 2010

- Demand for thin film

panels is still difficult to
estimate
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Y] Classification of Thin Film Technology

- Thin Film technology is
divided three main technologies
CIGS, CdTe, a-Si

- Organic cells are still in R&D
Phase

- Flexible cells becomes more and
more important
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Y] Market share Thin Film technology

- Amorphous Silicon has the
highest growth potential
=> Technology synergy from
LCD

- CIGS and CdTe still need
dedicated R&D teams
=> very view synergy form
other technology

- CIGS and CdTe has today a
limited scalability

- Huge upside potential
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'] Potential Cell efficiency of Thin Film technology
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Thin Film Technology Chances and Risks
Y] Technology comparison
a-Si/mc-Si CdTe CIGS
Efficiency % 5/9 95-105 12
Manufacturing Low / Medium - High G dium High
cost
Technology - a-Si easy - difficult for
== synergy form scalability
LCD - several company start
- me-Si difficult with mass production
== scalability - high temp. Process
steps
Equipment Up to 8 turn key Single supplier, ane turn
Supplier supplier key supplier
Material supplier | Easy access, almost no Cds, limitation Indium
limitation | supply
Chances Lower cost, synergy Highest efficiency >14%
from LDC, easy
scalability
Risk mc-Si layer to achieve High manufacturing cost,
10% eff. , too high scalability
investment cost for mc- alabili
si 4
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Y] Amorphous silicon

- 8 Supplier can offer this
technology as turn key

e a (AMAT, OC, Ulvac, Energo,
. JEL, LO, EPV, Anwell)
T e et m - Sharp, Kaneka, Mitsubishi
e develop their own equipment
R
& Micramarph Tandem
- Tandem or triple Junction
Up to 50% M bsorbed
T Moas 2 i are under development
Junction Junction => target is 10% Eff. or higher
Glass h.m-‘::i::ndmw
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Y] Cupper Indium Gallium Selenium (CIGS)

i=Zn0(0.05um) = ZnC:AI(1um)
s ©@
CdS(0.05um)
CIGSSe(2ym)
@ Mo(0.5um)

[ = - Substrate
(glass or Rexible polymer)
# CIGSSe = Cul(in,Go)(S,Se)

-1 Supplier can offer this - Most of the panel producer - Today the manufacturing
technology as turn key today has their own cost are too high
(Centrotherm) Equipment supplier
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Y] Cadmium Telluride (CdTe)

Front glas

TCO layer ~300nm
CdS layer ~300nm
CdTe ~1600nm
Back electrode

Encapsulation

Back glass

% Source : AVA Solar

- No Supplier can offer this - First Solar today is the only - Many new start up
technology as turn key company with successful companies try to enter the
mass production experience market
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Y] Why Thin Film is attractive
Speclfic Investment costs J FIRR
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- Lower investment cost leads - Lower temperature coefficient - Better low light condition

to higher financial leads to higher output behavior
Internal Rate of Return (~0.2%/°C compare to
~0.4%/°C)
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~] Why Thin Film is attractive

Crystalline Silicon Module |

None of the circuits function when any of
module’s cells foil to generate electricity.

—
L

CIS Thin-Film Module |

C]

Qutput is temporarily reduced by partial shade,
but the effect on the entire module is slight.

- Less sensitive to shadows
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] Conclusion

- Thin Film Technology becomes very attractive for large areas and low light condition
- a-Si technology will have the highest growth in the next 3 years
- CIGS has a high chance to compete with a-Si

- The manufacturing and investment cost today are far too high but there is a realistic
potential to lower the cost significantly

- New technologies like flexible cells or organic cells becomes more attractive

- Crystalline Silicon will remain the main stream technology in absolute numbers

| Applied Engineering consultant AEC



Administrator
Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2                                                                                                       4171            




