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Source : MIT Forum 2003
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DDDDT(2100) < 2oC 

Enormous Challenge!
Next 40y add 360 GW CO2 neutr.cap./year
Efficiency gain essential!

Source:DOE US
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oil
coal
gas

nuclear power
hydroelectricity
biomasse (traditional)
biomasse (advanced)

solar power (PV and solar 
thermal generation) 

solar thermal (heat only)
other renewables
geothermal

wind
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www.epia.org: 
Global market 

outlook for 
photovoltaics 

until 2014
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Baseline Scenario:
4%

Paradigm Shift 
Scenario : 12%

Share of demand by 2020
Indicative

2006 2010 2012 2016 2018 2022 2024 2026 2028 20302008 2014

2020

GW

Accelerated Scenario : 
6%

Courtesy
M. Lippert,
SAFT

Courtesy of EU PV Technology Platform & EPIA
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1GWatt=70 km 2

1GWatt = 30 km 2

PV

CSP

1GWatt = 15 km 2

�1�X�F�O�H�D�U
���*�:��� ���N�P��100 farms 60*60km2

100 farms of 30*30km2

Gas Hydro

EV

Peak Mgmt    & Storage

Smart
Meters

Intermittent, distributed sources 
lead to ” SMART GRID”

peak mgmt & hydro and EV storage
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SmartGrids Technology Platform
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Large bandgap

Wide bandgap -> High temperature operation

High breakdown field -> high voltage operation

High mobility -> fast switching speed

High electron density -> low resistance
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“The epi is the device”

2DEG 

GaN HEMT

Substrate

Metal-
Schottky 
gate. 

No 
spacer/silicide

Wide-bandgap 
semiconductor 
used as “oxide”, 
since native oxide 
is poor 

No wells or body contact
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High E-density
Low P-density

Low E-density
High P-density

0.2V0.2V-- 1V1V
10 hours10 hours

2V2V-- 3V 3V 
1 sec1 sec

2V2V-- 4V4V
1 hour1 hour

BatteriesBatteries

Double-layer cap.         

Fuel Fuel 
cellscells

LIB

Ultra cap.

Super-Capacitors

Double-layer caps= electrolytic
Ultra-capacitors = solid-state

aiming for

Highest possible 

E and P density
FC

In practice: 
combination 
of supercap
for short 
bursts of 
power with 
batteries or 
fuel cells for 
long-lasting 
energy
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modules efficiency 10%

m odules                   
(1.5 Euro/Wp)

area-re lated BoS
(100 Euro/m 2)

pow e r-related BoS
(0,5 Euro/W)

turn-key system price 3 €/Wp

module efficiency 20%

modules                    
(2.0 Euro/Wp)          

area-related BoS
(100 Euro/m2)

power-re lated BoS
(0,5 Euro/W)

modules efficiency 10%

m odules                   
(1.5 Euro/Wp)

area-re lated BoS
(100 Euro/m 2)

pow e r-related BoS
(0,5 Euro/W)

turn-key system price 3 €/Wp

module efficiency 20%

modules                    
(2.0 Euro/Wp)          

area-related BoS
(100 Euro/m2)

power-re lated BoS
(0,5 Euro/W)
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Crystalline Si

Thin-film technologies
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Example: Nanobased photovoltaic devices
Organic Photovoltaics:
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Paul W. M. Blom et al., Adv. Mater. 19 (2007) 1551-1566.

Organic Photovoltaics: Bulk donor-acceptor junction
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February 2011

PV works by integrating p- and n-semiconductors 
to convert light energy into electricity. The newly 
developed OPV, however, is produced by adding 
two coatings of organic compounds to a film 
substrateA÷one of benzoporphyrin (BP), which 
acts as the p- semiconductor, and one of fullerene 
(FLN), which acts as the n-semiconductor. As this 
renders glass substrates unnecessary, each layer 
can be of nanosize thickness, enabling the 
production of extremely thin, highly flexible and 
easily bendable photovoltaic cells. ...
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G. Dennler at al.,
Adv. Mater. 2009, 21, 

1323–1338

Best reported small-area cell

Module efficiency
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http://www.pv.unsw.edu.au
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• Single junction limited to 30%
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• Optimal single-junction: GaAs (25.1 %)
• Lattice-matched In0.5Ga0.5P top cell (30.3 %)
• Ge bottom cell (32.0 %)
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http://www.pv.unsw.edu.au
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GaAs n+

GaAs n-type
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GaAs n-type

GaAsP

GaAsP

GaAsP

GaAsP

Source: K. Barnham et al. http://www.quantasol.com
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Si nanowires (1.8 eV)

Tunnel junction

Bulk Si (1.1 eV)

Georgia Tech, Phys. Rev. Lett., 92, 236805, 2004
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M. Green et al., 24th European PV-conference, 2009
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M. Green et al., 24th European PV-conference, 2009
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M.C. Hanna and A.J. Nozik, 
JAP, 074510, 2006 
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J.M. Luther et al. ,
Nano Letters, 7, 1779, 2007
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Down-convertor Up-convertor
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– :��S�T( AI ����� AI ��6! AI �����. AI

– ( $���.'%%'!��(����!"��. AI�

– �������.'%%'!��(���%�!"��� AI� !��6! AI

– �����.'%%'!��(���%�!"��� AI� !���. AI

J. Del Castillo et al. , 
J. Sol-Gel Sci. Technol. , 2009

Courtesy of  V. K. Tikhomirov  and
V. V. Moshchalkov, KUL

Challenge: coupling in the light
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Solar cell withdown-conversion layer Nano-particle

1
photon

? < 550 nm

2
photons

? > 550 nm

Down-conversion layer

Solar cell TEM

5 nm

HRTEM

X. Y. Huang et al. , JAP, 105, 053521, 2009

Challenge: coupling in the light
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