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World Primary Energy Supply (2004)
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Global anthropogenic greenhouse 

emissions in 2004

Source: IPCC, 2007
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GHG emissions by sector in 2004

Source: IPCC, 2007





• efficiently extracting useful energy from the 
lignocellulosic part of biomass,

• increasing biomass yields by boosting 
photosynthetic water and nutrient efficiencies 
through genetic engineering,

• applying nanotechnology and/or using new 
materials to improve the energy conversion 
efficiency of photovoltaic devices, 

• developing solid-state storage options for 
hydrogen and

• energy storage device.

Examples of where research is needed









MJ/kg KWh/kg

Crude oil 50 16.7

Lead acid batteries 0.1 0,03

Lead oxide/sulfuric acid batteries <0.7 <0,23

Present lithium – ion batteries 0.5 0.16

Limit of lithium ion batteries 3 1

Capacitor 2 0,67

Superconducting electric magnets 4 1.3

Present magnetic storage 0.01 0,003

Present air batteries 1.3 0,43

Theoretical limit zinc air batteries 5.3 1.9

Theoretical limit of al or Li 

batteries

32-43 10,6-14.3

Hydrogen  (700 bars) 6 2

Gasoline 34 11.3

Fly wheels 100 33.3

ENERGY STORAGE



Increase in productivity through R&D



Ethanol costs x Gasoline



Ethanol Learning Curve
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Photon International, 3, 2006; Cell and Module production survey 2005, pp 100-125 
Photon International, 3, 2007; Market survey on global solar cell and module production 2006, pp 136-166
Photon International, 3, 2008; Market survey on global solar cell and module production 2007, pp 140-174



Fonte: Gregory Nemet, University of Wisconsin – Madison, Learning Curves for PV, International Energy Agency, June 2007

nemet@wisc.edu

Learning Curves for PV
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