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Pin Ho, Ph.D. — University of lllinois at Chicago

KITH Energy Ltd., CTO

- CIGS thin film cell/module technology

Sunshine PV Corp., R&D Director

- CIGS thin film cell/module R&D and process engineering
AdvanSolar Inc., President

- module design and application based on IlI-V solar cells
RFIC Technology, Vice President, Marketing and Sales

- rf integrated circuit design for wireless communication
Xpert Semiconductor, President and CTO

- comﬁounq semiconductor epitaxial wafer growth for wireless communication, optoelectronics
and photonics applications

Global Communication Semiconductors, Co-Founder and Vice President of EPl Operation
- compound semiconductor wafer foundry and epitaxial wafer merchant

General Electric and Lockheed Martin, Principal Staff

- microwave electronics design and production for warfare

Varian Associates, Senior Research Engineer

- GaAs based solar cells and charge-coupled devices conceptual design and prototyping
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CO2 Level ti#t

Carbon Dioxide Variations
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CO2 iyt

® The latest review affirms that atmospheric CO2
concentration — now at 385 ppm — is rising at a rate of 2.5
ppm a year.

® |t has generally been believed that a CO2 level of 450 ppm
is the danger point beyond which catastrophic and
irreversible climate change might occur.

For example: For every 1-degree Celsius increase in
temperature, ocean oxygen levels are said to decline by
about 6%.
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Grid Parity in Europe

Total Market: 3.162 TWh
Grid Parity Accessible Market:
74 TWh (2 %)
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Grid Parity In ltaly and Germany

Example: Italy — Residential
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Energy Trend
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Global Trend
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Comparison of Solar Cells
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‘ Champion Cell Efficiencies
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‘ Spectral Response

Spectral Response Characteristics of Solar Cell
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Why Si-based Solar Cell

Solar cell:
elt is not a battery which can store charges
olt can only generate charges when illuminating by light

Silicon crystalline solar cell:

eMaterial unlimited

o\Well developed technology

eRelative simple manufacturing process

oCan be used everywhere

oOff grid (small scale) to on grid (large scale) application
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Global PV Module Production Forecast
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2010 Global PV Market Share Forecast

PV Market Share Forecast
in 2010
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Applications of CIGS PV Modules

Market

CIGS

Note

Solar Farms

v

Need ~10%
efficiency for large
area installation

Building Flexible substrate
Integrated PV \/ increases market
(BIPV) opportunity
Rooftop Grid | v/ | reqiired for small

surface area
Portable | Flexible substrate
Devices required
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Solar Farm
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Solar Farm

Left: Solar PV power Plant Olivenza, Spain. Courtesy: SunPower Corp. Right: PV power

plant Calvia , Mallorca, Spain. Courtesy: : MPC Capital Gruppe; MPC Capital AG
www.solarserver.de/solarmagazin/index-e.html
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Solar Farm

Lucainena de las Torres PV power plant, Andalusia, Spain (Source: MEPSoIar)
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Rooftop

Source Sontor

Source: SIT
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Consumable
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‘ Si-based Solar Cell/Module Manufacturing
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Amorphous-Si Thin Film Solar Cell Process
Flow

Frame Junction Box Lead Wire Seali T High Potential
Assembly Install Install SERE TS Test

OPTIONAL PACKAGE

Source: ULVAC Japan
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CIGS Formation Line

Glass Cleaner PVD (Mo) Line

Machine Scriber PVD (TCOQ) Line Machine Scriber

CBD-CdS Coater PWVD {i-ZnQ) Line
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CIGS Thin Film PV Module Process Flow

Cover Glass Assembly Lamination

Bus & Leadwire J-Box Assembly Framing Simulation
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CIGS PV Cell/Module Cross Section
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60MW (2x30 MW) CIGS Production Line Layout
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In-line Metal Sputtering System
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‘ TCO Sputter
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Laser Patterning
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‘ Selenization RTP Furnace
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Laminator
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CIGS PV Module Production Line

Qur Project: a CIGS Line in Taiwan

Start Production: June, 2009
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‘ a-Si PV Module Production Line
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Solar Cell and Module Power Output

Standard Condition: AM 1.5, 1,000 W/m’, 25°C

if 7=16% for 156mmx156mm (6/}) Si-based cell
power : 15.6cmx15.6cmx0.1W/cm' x0.16=3.89 W

6x10 module
power : 3.89 Wx6x10=233.4W
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Cost Structure for 30 MW CIGS Manufacturing

Standard: $1.379/W

Other
Expenses
15%

Equipment
Utility 16%
8%
Facility
———
1% |

Materials
52%

Labor
8%
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CIGS PV Module Production Cost

Delivering Production Cost Reductions

Direct
Materials
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Heading to $1/Wp
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‘ PV Module Production Roadmap

Efficiency (%)
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Grid Parity In ltaly and Germany

Example: Italy — Residential
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Revenue Forecast

P ARk LR wEARA BRE RBERAE BRAS
(BER) | (AA/R) | (AA/R) | (Fié¥adn) | (HekadEn) | (He¥aEn)

2010 0 1.65 2.00

2011 2 1.52 1.60 97 102 -5

2012 30 1.40 1.17 1,341 1,125 215

2013 60 1.28 1.03 2,467 1,980 486

2014 120 1.18 0.91 4,539 3,486 1,053

2015 220 1.09 0.80 7,656 5,623 2,032
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Funding Requirement

Item Fund (US$K)

Building/Clean Room/Facility 10,000

30 MW Demo Line 30,000
Inspection/Testing Equipment 580
Utility/Hook Up 4,310
Ramp Up: Labor 3,360
Ramp Up: Materials 2,430
Operations/Others 12,320
Total 63,000
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Thank you for your attention
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