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VICOSC–Project Partners

ETIS – Funding
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VICOSC–Project Aims

• Develop new materials for organic solar 
cells

• Be amongst the worlds best by July 2010
• Demonstrate the ability to print flexible 

solar cells by July 2010.
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Today’s Overview
• Energy Shortage
• Increasing Population
• Increasing Consumption/Energy Demand
• Climate Change

– Greenhouse gases
• Solar Energy
• Printed Solar Cells

– Nanosolar
– G24i
– VICOSC

How do we give ourselves a chance to grow without negatively 
impacting our environment? 
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World Energy Consumption

Total: 12.8 TW (12,800GW)

Expected in 2050: 28TW (28,000GW)
i.e. need to build at least one 1GW 

power
plant every day for the next 30 years 
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Projected Energy Needs in 
Australia 

Gross electricity generation in Australia is 
projected to rise from 924 peta- joules (257 
TWh) in 2005-06 to 1495 petajoules (415 TWh) 
in 2029-30. This represents an increase of 62 
per cent over the projection period and an 
average rate of growth of 2 per cent a year.

This equates to 18 new 1GW power stations 
over the next 20 years.

abare research report 07.24–energy projections to 2029-30
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Increasing Population
• World Population is expected to grow from 

6.5 billion to over 9 billion by 2050. 
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Energy Consumption in 
Australia

abare research report 07.24–energy projections to 2029-30
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Climate Change is Real!

Impacts to Victoria
• Warmer temperatures
• Decreased Rainfall – increased variability.
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Predictions of global sea level rise over 1990–2100 from a suite of global climate models from 
Church et al. [2001]. Each of the colored lines is the average of different climate models for a 
given climate change scenario, so the lines on the right-hand side of Figure represent the 
range of predictions given by the different models for that scenario. The dark shading shows 
the range of the climate model average for all scenarios, and the lighter shading shows the 
range for all climate models over all scenarios. The outermost lines show the range of all 
climate models and scenarios. These ranges do not account for uncertainties related to the 
West Antarctic ice sheet. 

Climate Change–Sea Level Rise



Sea Level Rise

Comparison of the 2001 IPCC sea-level scenario (starting in 1990) and observed data: 
the Church and White (2006) data based primarily on tide gauges (annual, red) and the 
satellite altimeter data (updated from Cazenave and Nerem 2004, 3-month data spacing, 
blue, up to mid-2006) are shown with their trend lines. Note that the observed sea level 
rise tends to follow the uppermost dashed line of the IPCC scenarios, namely the one 
“including land ice uncertainty”.
Source: Rahmstorf et al., Science, 316, 2007, 709.



Australian Case

Rivers
• Water flows into the Murray-Darling Basin, already stressed, are likely 

to decline by 15 per cent if the temperature warms by 1°C. Reductions 
in flows of around 50 % are possible by the end of the century. Many 
other regions are also likely to experience reductions in water flows.

Coastal Zones
• As an island continent, Australia is highly vulnerable to sea-level rises 

resulting from climate change, with significant coastal erosion and damage 
to infrastructure anticipated.
– 711,000 addresses and many billions of dollars worth of assets are at 

risk from rising sea levels and changes in storm surge.
– By 2100 sandy beaches could have receded by up to 88 metres.
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Burning Coal and CO2
Sequestration

• Loy Yang A and B

� 3,200 MW

A typical (500 megawatt) coal plant burns 
1.4
million tons of coal each year.
• 3.7 million tons of Carbon Dioxide
• 10,000 tons of Sulfur Dioxide
• 500 tons of small airborne particles
• 720 tons of Carbon Monoxide
• 10,200 tons of Nitrogen Oxide
•170 pounds of Mercury
• 220 pounds of Arsenic
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Coal and CO2 Sequestration

• No commercial capture and storage plants for CO2
from power plants.

• Technology will not be implemented within 10-20 
years.

• No large scale pilot-plant for pre-combustion 
technology.

• CO2 price will need to be > $60-80 per tonne to realize 
a 25% decrease in emissions (Treasury–The 
economics of climate change mitigation).

• Storage must be 99% efficient over 100 years. 
– Suitable sites?
– Monitoring?
– Intergenerational social justice issues? 10 Nov 2009: New Generation Printable Solar 
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Potential Renewable Energy 
Sources

• Hydroelectric: most resources used, climate change–drier Australia

• Geothermal: large potential resources, currently being examined.

• Wind: mature technology, can be implemented where resource 
available, intermittent resource, better storage required.

• Biomass: better processes required to convert cellulosic material.

• Solar: high cost, immediate installation possible, intermittent 
resource, better storage required
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Relative costs of electricity
Today: Production Cost of Electricity

(US$/kW-hr, 2002 US costs)
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Solar Generation

• Solar Thermal: Low Temp.–good prospects for domestic and 
industry (hot water)

• Solar Thermal: High Temp.–lowest solar power generation costs 
($0.12-0.18/kW-hr), temporal mismatch with demand, storage 
required.

• Solar PV: high cost

• Concentrated Solar PV: currently being extensively examined. 

• Solar water splitting: work to be done, hydrogen difficult to store and 
transport.

• Best generated where it will be used.
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Solar Cell Efficiencies

Source: Shaheen et al., MRS Bulletin, 30, 2005, 10
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Long Term Average 
Solar Insolation Levels

Australia’s Advantage

NASA (http://eosweb.larc.nasa.gov/)
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World Energy Requirements

6 Boxes at 3.3 TW Each
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Printed Solar Cells

• High speed printing, large are low cost.
• Alternative substrates possible.
• Materials use efficiencies possible.
• Lower embedded energy traditional solar cells.
• Compatible with current industrial processes (contact, 

roll, spray)

Estimates indicate that we could print 1GW of power 
generating capacity in 2-3 month for a device with a 
10% power conversion efficiency.



Source–http://www.nanosolar.com/

Printed Solar Cells
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Developed printable ink formulation of 
traditional CIGS materials that can be 
printed on a flexible aluminium foil 
substrate.



Source–http://www.nanosolar.com/

Printed Solar Cells

Comparison of State-of-the-Art CIGS versus 
Nanosolar’s CIGS-on-Aluminum. Thickness numbers 
in red indicate depositions using a high-vacuum 
deposition technique. The state-of-the-art stack 
requires close to 3000nm of high-vacuum 
processing whereas Nanosolar’s stack requires less 
than a tenth of that.
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http://www.g24i.com/index.html
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VICOSC–Printed Solar Cells
Printed Solar Cells:
Formulate active materials as inks
–Contact Printing (gravure high speed)
–Spray Deposition 
–Ink jet printing

Source: ABC Catalyst “Solar Prints” 23/4/09
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Translational Research
New materials to
• Improved solar absorption.
• Improve active layer morphology (nanoscale 

self assembly).
• Simple, low cost synthesis.
• Adaptable to high speed processing.
• High durability.
• Integration into current manufacturing 

processes.10 Nov 2009: New Generation Printable Solar 
Cells
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VICOSC–Printed Solar Cells

Printed Solar Cells: translation from lab to commercial scale
Formulate active materials as inks
–Contact Printing (gravure high speed)
–up to 200 meters per minute

Source: ABC Catalyst “Solar Prints” 23/4/09
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To print solar cells you 
need a very good 
printer!

Secuency International



Outlook
Low Cost printed solar cells will enable:
• Penetration into the solar cell market.
• Integrated into building materials,

– Roofing materials, sheet or tiles.
– Shading material etc.

• Incorporation into consumer goods.
• Alternate business models.
• Target niche applications, ie water purification.
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And

Thank you for your attention!

www.vicosc.unimelb.edu.au
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• BP Statistical Review of World Energy, June 2008



Device optimization for FHBC 
compounds
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before deposition of Al 
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Without baking (green circle)
FF = 49%, PCE = 1.0%

10 Nov 2009: New Generation Printable Solar 
Cells

35



36



Average Solar Insolation Levels
• above the Earth’s atmosphere is 

1366 Wm�2

• at sea level 1000 Wm�2 . 

Intergovernmental Panel on Climate Change. 
Climate Change 2007: The Physical Science Basis: Summary for Policymakers.
Available from: [http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf]


