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Basic motivation Renewable Energy
solar

Depletion of the fossil and nuclear energy resources combined with
a strongly growing energy demand (growth of global population,
enhanced energy consumption per inhabitant)

Environmental friendly energy source (no air pollution and green
house effect)

Unlimited energy source (10.000x more solar irradiation than global
energy consumption

Strongly growing industry (CAGR: 30 to 40%)

Consequences: strongly growing energy market with
overpropotional increase in the share of renewable energies
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Basic motivation Renewable Energy

Veranderung des weltweiten Energiemixes bis 2100

Prognose des Wissenschaftlichen Beirates der Bundesregierung Andere Erneuerbare
Globale Umweltveranderungen
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World energy consumption
solar

Traditional energy sources Renewable energy sources

Annual Solar Radiation Annual Solar Radiation

Water power Annual supply of
renewable energies
Bigmass
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Annual Energy
Consumption

Annual Energy
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Source: SolMic, Germany
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Basic motivation

solar
Basic definition

Photovoltaic Energy Generation is based on the principle of the
direct conversion of Sunlight into Electrical Energy without the
usage of additional conversion tools such as turbines
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Applications
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Applications

solar _ . .
Basic Function of a PV-Grid-

System

% B DC-Electricity generated by Solar Panels

o L.~ B Transformation in AC Voltage by an
| Inverter. The PV power can be
| used now within the house grid.

B An additional electric meter and the
house connection allows the
PV power to attain the Public Grid.

pe
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GPsolar

Trends in Market

PV Big Business
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The PV Market

solar
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World wide PV Market 1.8 GWp in 2006 and 6 to 8 GWp (own expectation) in 2010 (CAGR: 25 to 35%).
World wide Turnover of the Crys. Si PV industry (PV Modules) €4.8 bn. in 2005 and est. ca. € 20 bn. in 2010.
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Subsidies for Photovoltaics in different countries

Rest of Asia

Source: Mr. Bésl, Munich, Germany




solar

Trends in Technology

Which is the right PV
Material?
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Crys. Si. Photovoltaic market outline to 2010
solar

Projection
2005 2010e
15GWp 7GWp
€4.8 bn € 20bn

Solar Modules

Solar Cells

€3.1bn €13.3bn

€1.6bn €6.8bn

Solar Silicon Wafers

€08bn €3.7bn
Total €10 bn €45 bn

Solar Grade Poly Silicon
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Cost distribution
solar

Distribution of Costs

Feedstock
14%

Wafer
26%

Module

31% Cell

29%

Manufacturing cost of a cry. Si module (Europe): 1.4-1.6 Euro / Wp
Assuming no profit and company overhead over the whole value chain

Source: GP Solar Konstanz / SolMic Burghausen
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Photovoltaic Materials

B The PV Industry is based on Silicon (2005: 97.2%)

» silicon is the most widely spread semiconductor material
on earth (25.8% earth crust) profiting in its PV application
from its usage in electronic industry (microelectronics and
optics)

B The crystalline silicon has a share of 92.5% abs. (2005)

» Longest experience in PV industry with crys. Silicon, high
efficiency potential, benefiting from pE industry

B Multi crystalline Si dominates with 52.3% followed by mono Si
with 38.3% and ribbon Si 2.9%

> Multi crys. Si wafer manufacturing easy to be scaled up,
lowest cost potential

B Thin film reduced contribution from 13% in 1999 t0 6.5% in
2005

> Low efficiencies combined with higher manufacturing cost
per Wp on system level, new manufacturing
technology/equipment required, reduced customer
acceptance (CdTe, CIS), high initial invest per MWp
module (whole value chain: from semiconductor material
to finished module), availability of components (Te, In) of
compound semiconductors material, delayed factory
projects

% Our focus in this lecture will be the Crystalline Silicon

Photovoltaic value chain
Source: Photon International, March 2006
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Expected results and impact:
. possible evolution of module
price & performance

tf-Si = thin-film silicon
CIGSS = copper-
indium/gallium-
selenium/sulfur

c-Si = wafer-type
crystalline silicon
OSC = “organic” solar
cells

new concepts =
advanced versions of
existing technologies
& new conversion
principles

(free after
W. Hoffmann)

5 10 15 20 25
Source: W. Sinke, ECN modaule efficiency (%)
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Introduction Thin Film
solar

Potgnltial alternative to Crystalline Silicon Wafer based technology to manufacture PV
modules

Basif: idea: the deposition of a thin film of a semiconductor material as PV active layer
on glass

Applied materials:

— Silicon based thin film:
« Amorphous, microcrystalline, poly crystalline Silicon, amorphous SiGe,

— Compound semiconductors:

« Copperindiumdiselenid (CIS), CuGalnSe, (CIGS), CulnS,, Cadmiumtelluride (CdTe), TiO2
(dye sensitized solar cells),

— Organic semiconductors:
» Polymers, ...

Industrialization:
— Most advanced: amorphous Si, CiS, CdTe
— No prominent Thin Film Module manufacturer under the Top Ten
— Typical annual production volume (between 1MW and max. 20MW)
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Performance of Thin Film Technology
solar

Material Module Best Lab.
efficiency [%] efficiency Efficiency perspective of PV Materials

[%]

Crystalline Silicon 25 -

Cz Si (PV grade) 14-17 22.0 20
FHsfallines Silidumn 0
Multi Si 12-14.5 20.4 15 -

Ribbon Si 12-14 17.8 il cdj://__,
Thin Film Silicon P amorptes Slizum

5 1 Organischa Zollan
Poly Si film 9.3 12 K ik

ﬂ 1 1 1 1 1
O i s 2000 2010 2020 2030 2040

Compound thin film

Source: Prof. Dr. Moller Freiberg 2005

CdTe 8-10 16.1

CIGS 8-12 19.1

Source: Own research, Prof. Dr. Méller Freiberg 2005
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Chances and risks
solar

Chances and risks
PV Systems cost in dependence on the module

+ Potential revival of thin film PV technology efficiency and module manufacturing cost per m2

due to poly Si shortage

+ Cost reduction potential 50 EYT AT T
Mass production not yet reached 45 4
Low efficiencies especially for amorphous Si 40 -
technology 35 100 €Wp
Low manufacturing cost per m2 needed to 2 30 4
enable low cost per Wp (today: 2 — 2.2 £ | 2,00 €Wp
€/Wp) in PV system £
For compound semiconductors: g
- CIGS/CIS: limited availability of 15 4 :
Indium (competition to flat panel Al I
display industry) 5 SR
i r i

- Low customer acceptance due to
the usage of toxic materials (Se, Te,

Cd)
- No synergetic effects with
mainstream electronic industry Source: Study M. A. Green 2002, EU APAS 1997
Stellenbosch October Peter Fath Trends in Photovoltaics

30th, 2007



Thin Film PV module manufacturers

solar

Company Technology Status

Kaneka Jp Amorphous Si Production 20 MWp
Sharp Jp amorphous / crystalline Si Production 15?MWp
United Solar USA Triple Junction (a-Si; SiGe) Production 14 MWp
Mitsubishi Jp Amorphous Si Production 10 MWp
Canon Jp Triple Junction (a-Si; SiGe Production 10MWp

First Solar USA CdTe Production 6 MWp

Antec D CdTe Production 7MWp
Schott Solar D Amorphous Si Pilot / Mass production: ?MWp
Wirth Solar D CIGS Pilot production 1.3 MWp
Shell Solar (Showa/Shell) Jp / USA CIS Pilot production 1,2MWp
Sulphurcell D CulnS, Pilot line

Unaxis / sunways CH/D

Amorphous / micorcrystalline Si

Lab scale (Unaxis: equipment supplier,
Sunways: manufacturer)

CSG D/AUS

Poly crystalline Si

Setting up of factory

Source: Own research, A. Jager Waldau: JRC PV Status report 2005
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Thin film: Intermediate conclusion
solar

Amorphous / microcrystalline silicon technology most suitable for
mass production of thin film PV modules

Thin film technology amorphous (later a Si / pc Si) could be integral
part of the PV roadmap as future option

Compound semiconductor thin film technology high technology risk,
customer acceptance and sustainability questionable
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Development of the solar cell production
GPsolar

© PHOTON International
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Worldwide producers
solar
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Capacity increase

GPsolar

Sharp

Q-Cells

Kyocera

Sanyo

Suntech

Motech

Mitsubishi Electric

Schott Solar

Deutsche Cell (incl. Shell)

BP Solar

Isofoton

SunPower

Ningbo Solar Cell Factory

Shenzhen Topray Solar

CEEG Nanjing PV-Tech

Jiang Ao Solar

rank

2006

11

= - - - I~

2005

21

33

NA

100

Planned cell production and capacity of top 15 for 2005 and 20(

0

200

)

500 600 MW

500.0% /600.0* / 427.53 / 450.0*

e

61.0/50.0/20.5/25.0

50.0/100.0/25/15.0

= 50,0/50.0/20/8.0

' 50.0/75.0/ NA/NA

" 50.0/160.0/5/10.0

175.0% /240.0* / 142.0/ 150.0-170.0*

b 150,0% /1 165.0*/ 1‘25.0:‘ 120.0*

% 150.0/300.0/82.0/100.0
. 146.0 1180.0/60.0/85.0
125.0* /140.0* /100.0 / 100.0*
110.0*/132.0/95.0/95.0

110.0* /160.0* /96.5 / -
105.0% /200.0/85.8/105.0*

75.0/130.0/53.00/75.0

' 234.0%/ 350.0% / 165.7 / 140.0-170.0*

NA not applicable

©

Production plans 2006 5

Capacity end of 2006 <

1 Production 2005 =

1 Production plans for 2005 | ' =

1=

Notes: (=]
*  estimate =)
o

Q

Source: Photon International, March 2006
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Expected results and impact (3):
evolution of turn-key system prices

solar
1000 GWp globally
200 GWp in EU (200,000 jobs)
\
5- | |oBOS
typical 41 \ B modules A Vision for
Photovoltaic
turn-key 3. Technology
system
price
(€/Wp) 1-
0_
2004 2010 2020 2030 2050
year ‘_
BOS = Balance-Of-System

http://europa.eu.int/comm/research/energy/pdf/vision-report-final.pdf
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Trends of price per KWh in electrical power

generation
solar
0,8  EUR/kWh
0,6 :
Cost in PV Energy
in Germany
0,4 Cost in PV Energy
in California
Cost of conventional
{}’ 2 electrical power
L] Peak power
I Base power
D |
2000 2010 2020 2030 2040
B PV power is competitive
UVS eV Quelle: RWE Schott Solar

The price for PV power is decreasing continuously whereas the price for conventional electrical
energy is increasing
It is expected that within this decade solar power generation will be competitive in seleceted
countries.
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GPsolar

Trends In Industry

Fully integrated
1 GWp Solar Factory
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Basic motivation

solar

« In past year ongoing discussions in crystalline silicon
photovoltaic:

— Integrated fabrication throughout full value chain contra

— Separated specialized companies (poly Si, wafer, cell,
module) for each segment of the value chain

» Highlights integrated fabrication:

— Reduced cost due to enhanced overall product yield due to
omission of long distance shipment of wafers and cells

— Fast feedback loops and significant optimization potential
over the entire value chain results in better product quality
and yield

— Reduced investment cost

— Simplified up scaling of production through ownership of
manufacturing know how of all segments of the value chain

Stellenbosch October Peter Fath Trends in Photovoltaics
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The integrated Solar Factory Design (250MWp)
GPsolar

Standard fully integrated batch type factory (250MW subunit)

Poly Silicon Factory Capacity 250 MWp/a

Investment € 550 million
Land Space 90000 m?
Human resource 2100 employees

Energy demand 95 MW

'-.- = "-. * ol - _! :.- -
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# - s i, # : s -
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Cost break down

solar
Cost calculation for a 1 GWp/a Solar Cluster
MW
Poly Silicon plant including TCS production 0,28 23%
Ingot facility 0,18 12%
Wafer Fabrication 0,08 8%
Cell Fabrication 0,24 25%%
Module Fabrication 0,20 20%%
Total Costs 0,95
Stellenbosch October Peter Fath Trends in Photovoltaics
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Summary
solar

« Fully integrated 1GWp factory design analyzed:

Key message:

1 GWp fully integrated factory beneficial (cost reduction)
and feasible

but needs time

Stellenbosch October Peter Fath Trends in Photovoltaics
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solar

Trends in R&D

Crystalline Silicon:
Thinner
Bigger
Better

—— 50 ym ——

Source: M. McCann, Universitat Konstanz
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Status: Device structure
solar Typical industrial Si solar cell

Screen printed front contact
Ag, width: 120 - 150pm, thick. 7-10pm

PECVD single SiN ARC
Thick.: 73nm, n: 2.1

Full area screen printed Al back contact
+ Al BSF

Device structure of nearly 100% of all multi Si and 75% of ali
mono Si solar cells
Typical efficiency: multi av. 14.8 <> 15.3% mono av. 16.2 <17%

Stellenbosch October Peter Fath Trends in Photovoltaics
30th, 2007



Status: Manufacturing process

solar
- Efficiency: * Yield:
. Average » Mechanical/electrical loss
e Multi 14.5 < 15.5%  * (high material quality 270um):
+ Mono 14.5 & 20% * 310 5%
« optical loss: 2 to 3%
» Throughput: « Capacity per line:
e 750 - 2400 e 12.5x12.5cm?  28MW/a

15.6x15.6cm? 50MW/a

pieces/hour

Stellenbosch October Peter Fath Trends in Photovoltaics
30th, 2007



Technology trends
solar
« Material shortage:
— Development of own poly Si supply
— More emphasis on yield and efficiency enhancement

— Device and manufacturing technology for thin wafers (below
200um)

— More resources focused towards thin film technology

« General trend of fully integrated companies (from feedstock to
module)

 High throughput production (first factories with 3000 wafers per hour
and line)

« Next generation of new inline production technique currently under
development at leading equipment manufacturer

Stellenbosch October Peter Fath Trends in Photovoltaics
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Perspectives: Device structure

SOIClr\Future (3 years) industrial multi Si solar cell

Thick film buried groove front contact
Ag, width: 60-80 pum, thick. 20 pm
Micro surface texture Selective P-Emitter
R, 1: 80 - 100 ohm/sqr.
PECVD double SiN ARC R,..2: 30 ohm/sqr.

________________________ 1,
|~

Full Al BSF +
Dielectric BSR +
Local AUAg contacts through CVD SiN

Manufacturing process

ISO-Texturing - Efficiency potential: 17%
Thick-Film Buried Contact Metallization
Double Anti-Reflection Coating «  Manufacturing technology
g“':_Aref‘Eear f'de « Inline processing required (large area

ptional Aspect. _ _ _ >15x15cm?2 and reduced thickness 200 —
Full BSF additional to dielectric coating & local 230um)
back contacts

Stellenbosch October Peter Fath Trends in Photovoltaics
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Perspectives: High efficiency multi Si

solar Multicrystalline Si Buried-contact cells

silicon nitride

plated Ni/Cu

IV Measurement

Solar cell size: 12,5x12,5 cm?

texture Voc Az FF 1
[mV] | [mA/cm’] [%] [%]
alkaline 602 32.1 77.4 15.0
V-textured 636 36.9 77.0 18.1*
* POLIX wafer; independently confirmed by Source: M. McCann, Universitat Konstanz

FhG-ISE, Freiburg, Germany

Trends in Photovoltaics

30th, 2007



Overall Summary
solar

No revolutions only evolutions in crystalline
silicon solar cell technology

© Bright future for crys. Si

— Cost potential 1Euro / Wp of finished modules
— Established technology
— Big fun: hunting for higher efficiencies, yield, throughput

— A lot of opportunities for mechanical, electrical, chemical
engineers as well as material scientists, chemists, physicists in
R&D, technology transfer, industrialisation

Stellenbosch October Peter Fath Trends in Photovoltaics
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Opportunities in South Africa
solar

« Excellent place for an integrated crystalline silicon solar
fabrication

« Critical mass for an vivid research cluster in crystalline silicon
Photovoltaics

« Starting your own crystalline silicon industry in SA
— Example llangapower

Stellenbosch October Peter Fath Trends in Photovoltaics
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The process from quartz to the solar cell module ﬁ\‘
| RS

y \

[ilangaPower

MG silicon Solar-grade cast block wafers

Module

Solar cell

P

Sand to metallurgical MG Si to pure silicon to solar wafers wafer to solar cell cell to module
silicon Si
Silicon Smelters, SA Hemlock, USA  Swiss Wafers, CH QCells, D Tenesa, SA

PV Wafer SA 340MW/a

EBIT margin for cell 53%
production will be good
and stable

e High margins for silicon and 29% e
wafers due to temporary 21%
shortage

e Margin for cells is likely to —>
rise due to technological 5%
challenges

e Invest for wafers twice, for Si
10 times more than for cells

EBIT margins for the PV value chain (Rogol 2006)
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The ilangaPower project

Summary

e Investments in Photovoltaics technology promise
long-term and solid profits

e Solar cell technology is the driver in the race for
cost reduction and efficiency increase, thus profit
margins for cell producers will remain high

¢ ilangaPower will produce solar cells from poly-
silicon wafers using newest proven technology

e It will become a global leader in cost reduction
and efficiency increase

e ilangaPower will be located in the Western Cape

About llangaPower

¢ ilangaPower’s strong points are: secured silicon supply,

strong management team, newest proven technology,
and a solid technical roadmap

e ilangaPower targets for a global trademark and a

dominant position in the emerging African market

e The management is a team of renowned European and

South African PV experts

e We seek broad support from parastatal South African as

well as private equity investors

About our targets

Location, Ramp-Up

¢ ilangaPower starts with 32MWatt/year capacity
e EBIT margin will reach 15% in H2 2009

e Capacity is increased to 65MWatt/year as soon as
ilangaPower’s objectives in quality, efficiency and
volume are achieved (2010 - 2011)

e EBIT margin will reach 23% in 2011

¢ ilangaPower needs 42MEuro cash in total,
35MEuro to reach the 32MWatt/year stage

e We envision 50% contribution from
shareholders/50% bank loan

e Scaling up to 1GWatt/year or expanding the
business upstream to wafer/ingot/crystal/silicon

are options
Efficiency for a better world 43 ilangaPower

South Africa provides an attractive cost model and good
infrastructure

Cape Town is attractive for local and foreign highly-
qualified personnel

Seamless co-operation between ilangaPower and
European technology partners can be implemented

Cape Town hosts a significant customers base

Cape Town is the pole position for dominance in the
emerging African market

Ramp-up, fine-tuning, and training will be under the
responsibility of the European turnkey suppliers

Close co-operation with South African top universities
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mhan Wansleben
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email; stephanus.w@ilangapower.com

tel: +49 (0) 176 6400 4608
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tel: +49 (0) 176 6400 4609
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