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I Photovoltaics — Magic Devices

While generating electricity, there are:
No “wear-out” mechanisms
No noise
No waste products or pollution
No moving parts
No operating or maintenance costs

Life expectancy >30 years

Environmentally friendly electricity generation

Modular and can be sized for any load

The problem has always been cost — this has changed drastically
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Soy I
'B PV Cells
IPI -Now only 10% of System Cost

End 2011 End 2012 % reduction

$/Wp $/Wp

Polysilicon 0.22 0.12*
wafer 0.30 0.21 29%
Cell 0.49 0.34 31%
Module 0.96 0.66 31%
Roof-top system 3.50-4.50 2.50-4.00 19%

180 A

160 -

o *$15.40 per kg

1.20 -

100 - PV module only 20-30%
030 - of system costs

0.60 4

Encapsulation now

040 - M—\,‘: dominates module costs
0.20 4 —

e S L S S Encapsulation quality
| determines durability
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%I Need to reduce Encapsulation Costs

« But must not sacrifice durability

« But many appear to be

Share 01/2010 Share 01/2013
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I Falling Profitability Leads to Falling Quality

« Selling prices below
cost prices leading to
compromises in quality

Corrosion

- Backin gs heets Cell or Interconnect Breaks
Output Lead Problems

- EVA Junction Box Problems

m Jbox Delamination

= J un CtiO N bOXGS m Overheated Wires, Diodes

m Mechanical Damage

y Many reports Of poor m Defective Bypass Diodes
quality and reliability

* Leading companies
value their reputations
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II|I Quality and Reliability Concerns

Thermal Cycling e SunPower data
from Investor
Relations Day

Damp Heat Testing
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Power Degradation
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%I Relationship between Price and Market

Recent instability
fuelled by erratic
government policy

PV module costs
down >80% in 5 yrs

Reduced dependence
on FITs and subsidies

c-Si module sales price(USD 2011/Wp)

Grid parity reached in , i
: ® historic dat
>100 countries S tRate |

Fastest growing b , e b R e |
. . 10 10 10 10 107 10 10 10 10
ind ustry world-wide cumulative o-Si module shipments (MWp)
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I Grid-parity in Europe — EUPVSEC 2013

-0.24
-0.20

-0.16
-0.12
-0.08
-0.04
Grid parity 0.00
0.04
0.08
0.12

Grid is cheaper 0.16
0.20
Euro/kWh

Unsubsidized PV system price 1700Euro/kWp, LCOE with 20 years lifetime, s%p.a.,“.iﬁterest,
1.5%lyear maintenance. Electricity price for households: Eurostat 2012, 2nd semester

Photovoltaics - Electricity from Sunlight




2012 Status: PV Solar at Grid Parity

Grid-parity in
rl  >100 countries
102

countries
have
reached

grid parity
Annual PV Factory Production

CAGR 2000-2010: 55%/yr

oty T o > "™ | Module Sales Volume 2010

~32Bio $

+— M Europe
Japan

Fastest Growing B G

B Prov. of Taiwan

Industry World-wide [

M Rest of World
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China’s Dominance in Manufacturing

2008 |mw| 2000 |mw | 2010 |mw | 2011 | www
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First Solar.

SUNTECH 1573 BgSUNTECH 2096

First Solar.

% SUNTECH 336 % SUNTECH 4%
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First Solar.

China’'s PV manufacturing dominance
Trade tariffs
Emergence of Taiwan
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China helped drive down module
prices 80% in recent years
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Likely Future Trends - Costs

« Costs to keep falling

* Fuelled by technology
Improvements, economies
of scale

Hopefully not fuelled by
compromises in quality

cell efﬁaency gain:
according to ITRPV

Module Manufacturing Costs [%]

2010 2012 2014 2016 2018 2020
Year
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Likely Future Trends - Applications

Increased importance of
Centralised Power Systems

Massive growth in developing
country applications

Grid-connected houses to resemble
remote area power supplies

—




 Driven by sub

* Needs batteries & energy
management system

* Reduces impact of demand
peaks on grid

Suntech 2013 + others
—— —

Grid-connected Houses to
Resemble RAPS

SunPower 2015

ER OPERATIONS CENTER

Offering Customer Value

Energy Management System : Reduce energy bill
Storage Optimize PV energy self-consumption
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I Utility Scale — Central Power Stations

Driven by Tax credits and subsidies
Distribution costs high
more suitable for wind etc
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[ Geothermal

Other
renewables

I:l Solar thermal
(heat only)

Stand-alone Systems

Solar power
I:I (photovaltaics

and solar thermal

generation)

] wind

Biomass
(advanced)

I:I Biomass
(traditional)

- Hydroelectricity
I:l Nuclear power

Gas

- Coal

N I o
2010 2030 2050 2100
Year

Primary energy use [EJ/a]

Energy usage per person (Source: IEA, 2003)

o () S
§$ o o o o PP ES &S
KUK csq 3 09 RO c\ PSS EE S ES

mm Geothermal

= Photovoltaics

Biogenic share
of waste

Biomass

= \Wind Energy

— Hydropower

Kilowatt of energy / hour per person /year

— Total Electrical
Energy

Share of Installed RE Capacity in Germany [%]

Q
N
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In 2011 about 20% of the electricity in Germany has been generated by
renewable energy (RE) sources according to BDEW

Australia

Data: BMU, BDEW Graph: PSE AG 2012




'HILI Experts Predict Future Technology Trends

QCE u's SCHOTT SOLARWORLD =4 BQSCH syslhic

SOl I d n% s UVE I I D H.;.;ualnlm T h:g::_n'

a I e D | p\r*;:'crystalnx

COnNeERGY

“} hotovoltech solar |glass ()} Scheuten Y SOLARWATT SOLOML

BECOATIVE PHOTOVOLTAIC TECHMOUDGY -

Supported by
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%I Expected Future Technology Trends

e Silicon - Siemens Process and FBR to dominate

Wafers - Diamond-wire sawing to dominate
- Thickness down to 100 microns in 10 years
- 710% p-type in 10 years, HP multi to dominate

- B-O and other defects solved by hydrogenation

Contacts - Reduced Ag, 30 micron SP lines in 10 years
- Plating to dominate over SP by 2017
- Rear localised contacts + rear surface passivation
- Increased use of single-sided contacts

Efficiency - Multi > 20%, B-CZ > 21-22%, P-CZ > 22%

Modules - lower cost encapsulation techniques & materials
- Increased use of frameless modules
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%I Expected Future Technology Trends

e Silicon - Siemens Process and FBR to dominate

2023 15

4 thereof Slemem Procen
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%I Expected Future Technology Trends

« Wafers - Diamond-wire sawing to dominate
- Thickness down to 100 microns in 10 years
- 70% p-type in 10 years, HP multi to dominate
- B-O and other defects solved by hydrogenation
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II|I Expected Future Technology Trends

oss I  Metal Contacts

0.25 - Reduced Ag, 30 micron SP lines in 10 years
0.20 - Plating to dominate over SP by 2017

o - Rear surface passivation + localised contacts
z;z T - Increased use of single-sided contacts
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Silver per cell [g/cell]
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0 ——— —&— Electro plating —&—Light induced plating  —lll—Screen Printing
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Trend towards Cu replacing Ag

Focus of many companies
Kuttler plating baths now available!
Printed seed layer plated with Cu

Good results also with all plated contacts:
Suntech
IMEC
HHI
Shinsung
UNSW
RENA

Silver per cell [g/cell]

2010 2012 2014 2016 2018 2020

light emitter diffusion
(n+)
heavily doped Cu plating in fingers

laser-melted fingers
(n++)

Al Back Surface Field

38kV Xz, 508 185m

u rear contac
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Expected Future
Technology Trends

 Efficiency - Multi > 20%,
- B-CZ 21 - 22%,

SELEEERNE.

T T
i L] ror. |

s v -P-CZ > 22%

Recombination current [fAfcm2]

I 1 1 T 1 1
2013 2017 2021 : : I
2015 2017 2019 2021
Amono Si n-type +mono Si p-type W mono-like Si p-type

® HPmc-Si p-type ¢ multi Si p-type #)0bulk WJOfront AJOrear




I Trends in Cell Encapsulation

1. Encapsulation costs now

dominating.

- $0.21 Wafer

- $0.13 cell conversion
- $0.32 encapsulation

Wafer 16%

2. Increased use of frameless
m Od u IeS Share 01/2010 Share 01/2013

3. Manufacturers very conservative
but cost pressures may lead to
compromises  (25yr warranty)

4. |Importance of bankability

UNSW




I Challenge for Thin-Films

Silicon efficiencies increasing
while costs are falling rapidly

Falling market share

Recent durability concerns in
hot environments

No thin-films have as yet
demonstrated long-term
stability or durability

Dependence on rare elements

» Eventualy thin-films need to succeed for pv to reach its full potential
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Trends in High Efficiency Technologies
- n-type dominance?

Aluminium layer

Etching barrier V / /
SiO, layer

B-doped
base region

-
[3,]

i iy R SiO. laver
Textured front P-type Si P-doped e
emitter region

rear contact oxide

UNSW — 25% PERL cell ISFH — 22.4% RISE cell

Efficiency, %

Stanford — 24% Rear Point Contact Sanyo — 23% HIT cell

o e 2 , Electrode

-1} ~10nm
a-Si:H {¥ b
Textured front surface : l
i ili fer .
talline silicon wa o ) we )
-type monocrys i .
N-typ — - &
_ {textured) 0nm
a-SiH { ] =




Commercialisation of High
I Efficiency, Low Cost Technology

Textured front surface

ili r
N-type monocrysta\\‘me silicon wafe!

rear contact oxide

 Semiconductor Finger Cells (Australia)

« Laser Doping (Australia)
* Innovalight (USA)




Australians in Senior Management
I Positions of Most Major PV Companies
* Includes 8 of China’s 10 largest cell manufacturers in
present or former positions

o 22 former UNSW students as CTO’s or VP’s of
Technology World-wide

* denotes current position
Song, Dengyuan *Yingli Solar
Narayanan Mohan  Trina Solar
Dai Ximing JA Solar
Yun Fel * LDK Solar
Yao, GuoXiao JinkoSolar

Guo, Allen * Jinko Solar
Wenham, Stuart * Suntech-Power

Narayanan Mohan * Hanwha
U N SW Wan g Aihua * China Sun ergy Photovoltaics - Electricity from Sunlight




BOS Costs — large
systems >100kW

2012 2013 2015 2020

N inverter N Wiring Mounting Ground —é—Total

1.20 - - A -
050 + 0.47 S I a
0.45
e I ON'Q 0.42 0.42
L 4\*0'40
040 + 0.05 0.05 0.05
0.80 - 0.05
- 0.15
015
013
0.60 0.40 0.09 a 307 o o 010
3 B il RN
> N BN BN BN

- : : 0.22 020 + 0.13 0.13
0.40 - - 013 013 013 013

0.27 ] -

023 021 1 1 ]
021 021

N I I - N
0.00 . . . r r . . 0.00 ' . : r . .

2012 2013 2015 2017 2020 2023 2012 2013 2015 2017 2020 2023

N inverter M Wiring Mounting Ground —#—Total N Inverter N Wiring Mounting Ground ==$==Total




Thank You
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