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10-year-average solar insolation at ground level

NASA (http://eosweb.larc.nasa.gov/)



Sunshine in Australia — a natural resource
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OPV devices

Organic Photovoltaic
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Printed Solar Cells
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Organic Photovoltaics (OPVs) - Efficiencies
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But, gap to other technologies is not as great as this suggests as
excitonic solar cells are more efficient in the morning and evening.

A 1 W, excitonic module can generate upto 25% more power over a
whole day than a 1 W jinorganic module G
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' Printed Electronics at CSIRO



CSIRO: Organic Electronics
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Organic Electronics at CSIRO

Around 50 scientists working on VT
organic electronics across 2 sites,
Melbourne and Newcastle

CiIRD



Organic Electronics in Australia

Close collaboration between CSIRO and University groups in Australia and
internationally.
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Organic Electronics in Europe

VDMA - Organic Electronics Association

Organic Electronics Association (OE-A) 0 e 'a
Organic Electronics
Association
® Working Group within VDMA (TDMA e
- The German Engineering Federation Y R

® Founded in December 2004

® Private non-profit organization
(financed by membership fees)

® |International key industry association for organic
electronics

® Our members represent the
entire organic electronics value chain
o component & material suppliers
o equipment & tool suppliers
o producers / system integrators
o end-users
o R & D institutes




VICOSC
Victorian Organic Solar Cell Consortium
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Working on new materials, new device architectures,
printing processes and device lifetime and testing.
Both bulk heterojunction and solid-state dye sensitised
solar cells.



......................... Science Highlights

!!! l - Materials



Small molecules

>40 representatives of >5 families of new PAH templates, some examples:
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Photostability of CSIRO materials
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Scale-up

nn 50g batches, packaged, safety-assessed



. Printing and coating



Reverse gravure printing

e Reverse-gravure or
microgravure

e 120-mm wide
substrate

e 50 mL ink required

i

Mini-Labo Printer

||| Seealso: Tobjork et al., Mater. Res. Soc. Symp. Proc. 1091-AA05-45 (2008)



inting
se gravure pr

.

Reve

irection
directio
trate
tes against subs
ta
. der ro
e Cylin

. d
lied inder spee
) a p de .

IIIII|II inuous film P led by cy||n devices
L tinu rolle inted
1l con ight cont fully prin
IIII |I |I |I |I ting Welg ing on1u
|II|IIII 'I 'I II |I ¢ Coa re encourag

III|| a
||I |III|I II |I |I Y Results
::!;!!I
IllllllllIII
|||| ||||I
II II |I II |I |I |I
III III II| III I| I|
'] [ |
II II II IIII| I|
|||||||
|||||||IIIII
|I |I |I |I || II |II
|I |I |I |I |II|I
I| II II II II I| I| ,f.cation)
\III |I |I |I |I|I PET (x5 magnifi
II |I II II |I |I OT-PSS on ITO-
m [ (right) PED

T ravure

I||I|| erse G

\II II I| [ | Ieft) and Rev

|I |I |I ||I III Gravure(

III||

III||

I||II

T

HT

L]

LT

[T



Air-brush fed with syringe pump Sono-Tek spray deposition equipment at UoM

Includes collaboration with
Karlsruhe Institute of Technology



Industrial-scale printing

Pilot-scale production trials continue with gravure printing at
Securency’s R&D line




' Printed Inorganic Devices



New processes for proven materials

CSIRO has recently developed a process for producing highly efficient
solution processed, inorganic solar cells

Vacuum deposited CdTe and CIGS cells are commercially available,
with module efficiencies of 10-15%

Reports of solution processed laboratory devices in the literature are
limited to device power conversion efficiencies of around 5% or they
require explosive solvents (hydrazine) in gloveboxes

Jacek Jasieniak and Brandon MacDonald f
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New processes for proven materials

CSIRO has recently developed a process for producing highly efficient
solution processed, inorganic solar cells

Our process reproducibly delivers device power conversion efficiencies
of 8% with hero devices >10%

All deposition and annealing of semiconductors
is from solution and in air
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~ Outdoor Testing



Durability testing

An inter-laboratory stability study of roll-to-roll coated flexible polymer solar modules
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1% [nstitut fser Angewandie Photophysik, Technische Universitast Dresden, George-Baehr-Strae 1, 01062 Dresden, Germany
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27 sites around the world
CSIRO provided two, Newcastle
and Melbourne
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OSCAR — Organic Solar Cell Assessment Rig

e Qutdoor testing of modules with temperature and irradiance data,
20 modules on 5 faces of a cube

e Temperature stable electronics

e Devices are current driven —an algorithm scans current to determine
device parameters

)
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e So far, our 10 x 10 cm devices are running at 1-2% PCE

e Common irradiances in Melbourne: 1200 W/m? (top) and
still 750 W/m? on the south face
i
‘II|I
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' The challenge and opportunities



Challenge - Scale

Calculations to produce 100MW of power. Assume average solar insolation is 200W/m?.
100MW = 1e8 W, therefore 1e8/200 = 5e5 m2 required
Assuming the cells have 5% efficiency this requires 5e5 x 20 = 1e7 m2

Assuming cells are printed on substrate that is 1m wide this requires 1e7 m or
10,000 km of film - this is 0.25 times around the Earth.

A printing firm can print at speeds of upto 400m / minute

Doing 8 hrs a day, it would take 52 working days to produce 10,000 km of film.

The films are typically 100-200nm thick. Allowing for deposition loses the production
requirements have been estimated to be 0.1g/m?2.
1le7 m (at 1m wide) needs 1e7 x 0.1g = 1e6 g = 1000 kg = 1 tonne of polymer.

So, 100 MW of power needs: 10,000km of a 1m wide film, 1 tonne of polymer

As a comparison, the global production of polystyrene is around 20 million tonnes per annum.
1
ll
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Opportunity - Markets

The total PV market (~$40 bn p.a.) is dwarfed by the display
market.

Large-size LCD (> 10 inch) is ~S70bn p.a.

Every large display manufacturer has active OPV research

The development of OPVs is therefore an opportunity to
leverage the size and expertise of traditional electronics to
grow the new field of printed electronics.
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Challenge - Roadmap

Parameter Generation 1 Generation 2 Generation 3 Generation 4
Market Portable Outdoor BIPV Residential
Application consumer recreation Off-grid power | roof top grid
electronics connected.
Utility power
generation
Expected 2010 2011 2014+ 2016+
Timing
Product Flexible Flexible Low weight Low weight
features Low weight Low weight modules modules
modules modules
Lifetime (yrs) 1-2 3-5 5-10 10+
Efficiency (%) | Lower: 3% Moderate: 5% | Moderate: 5% | Higher: 10-20%

OE-A Roadmap Working Group




Value Proposition for OPVs

Inherently inexpensive manufacturing technology — thin films and low-cost
deposition

Huge diversity in materials — chemistry solutions

Demonstrated significant lifetimes and rapidly improving efficiencies

Applications will be portable then building integrated then large scale

Technology will be advanced by the electronics/display industry as
opposed to the energy industry

Size and diversity of the electronics/display market is an extremely
significant advantage for OPVs
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Summary

CSIRO is leading OPV research in Australia into new materials and
printing processes

Does the SKA need OPVs?
Probably not.

Does the SKA represent an opportunity for a targeted, high profile
application of OPVs that will give the field momentum and in turn
catalyse the growth of printed electronics?

Definitely!

OPVs and the SKA - a tremendous opportunity for
Printed Electronics in Australia and Germany
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CSIRO Materials Science and Engineering
Dr Scott Watkins
Stream Leader — Organic Photovoltaics

Phone: 03 9545 2618
Email: scott.watkins@csiro.au
Web: www.csiro.au

Contact Us
Phone: 1300 363 400 or +61 3 9545 2176
Email: enquiries@csiro.au Web: www.csiro.au
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Costs — bottom-up

Estimated manufacturing cost for purely organic solar cells will range
between $50 and $140/m?.

Under the assumption of 5% efficiency, this leads to a module cost
of between $1.00 and $2.83/W.,.

Under the assumption of a 5-year lifetime, this leads to a levelized
cost of electricity (LEC) of between 49¢ and 85¢/kWh.

In order to achieve a more competitive COE of about 7¢/kWh, we
would need to increase efficiency to 15% and lifetime to between
15—-20 years.

Joseph Kalowekamo, Erin Baker, Solar Energy, 2009, 1224
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