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Humanity’'s Top Ten Problems
for next 50 years

ENVIRONMEN\
POVERTY
TERRORISM & \WAR
DISEASE
EDUCATION
DEMOCRACY

10. POPULATION e

Source : MIT Forum 2003

6.3 Billion People
~40 Billion People
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Enormous Challenge!
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Next 40y add 360 GW CO, neutr.cap./year

Efficiency gain essential!
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Renewables
Global energy potantial per year
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Energy potential/Global
annual energy consumption!

Energy potential/Global

annual energy consumption

Enengy potential Thereof comen Energy potential technologically utiliz-
Reserves/Resources™ tionally utilizabl g2 famaount of energy p. aj?  able (state of the art)
. Coal ~ 135,000 EJ Solar radiation =~ 1,111,500 EJ ~1482El
Matural gas ~ 60.400EJ =~ 12,000 EJ .'Z Wind enengy ~ JEOMDE ~ 125 El]
B Crudeoil - 23.000E) = 9800 EJ | Biomass ~ 7.800 EJ = 156 EJ
i B Geothermal ~ 1.950 EJ ~ 39 EJ
. Blobal energy demand 2004&; ~ 4T0EJ . Fydaftide poveer ~ 1,170 El 75E
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geothermal
other renewables
solar thermal (heat only)

solar power (PV and solar
thermal generation)

wind

biomasse (advanced)
biomasse (traditional)
hydroelectricity
nuclear power

gas
coal
oil
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165.000 Terra Watt free solar power ... ] B USA
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Global market Bl Japan 318 452 B3T7 BE0 1,132 |1,422 | 1,708 | 1,919 | 2,149 | 2,633
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photovoltaics

until 2014 Figure 1 - Historical development of World cumulative PV power installed in main

geographies
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Peak Mgmt &  Storage

100 farms of 30*30km?2
Gas Hyd o

|
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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GaN HEMT
Wide-bandgap
semiconductor
used as “oxide”, No
since native oxide Metal- spacer/silicide
is poor Schottky
\ Tate.
\ 2DEG
Substrate

No wells or body contact

“The epi is the device”
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High E-density
L ow P-densit

1000
0.2V- 1V
~ 10 hours _
2 In practice:
= combination
% of supercap
> for short
@ bursts of
A Ultra cap. power with
— Double-layer cap. batteries or
o . fuel cells for
O ) sec lacti
c 0l Super-Capacitors long-lasting
LUl energy
0.01 l l
10 100 1000 10000
Double-layer caps= electrolytic .
Ultra-capacitors = solid-state Power DenS|ty (W/kg) High P-densit
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Lifetime(yr)”~ Annualoutpu(kWh/(kW.yr))
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module efficiency 20%

@ modules
(2.0 Euro/Wp)

Bl arearelated BoS
(100 Euro/m?2)

O power-related BoS
(0,5 Euro/W)

module: =fficiency 10%

turn-key system price 3€/Wp ——
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@ modules
(1.5 Euro/Wp)

H area-related BoS
(100 Euro/m 2)

Opow er-related BoS
(0,5 Euro/W)
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~ Thin-film technologies

Crystalline Si




Example: Nanobased photovoltaic devices
Organic Photovoltaics:
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Organic Photovoltaics: Bulk donor-acceptor junction

Substrate

Paul W. M. Blom et al., Adv. Mater. 19 (2007) 1551-1566.

imec

- 4)

) 4

) 4



112 #11"%°
& # %% %
Yo, &

$% 9

*%.

1 #$ %+

1P * + & 1# %W

I ' I ' I ' I ' I
® Small Molecule
O Polymer

N w B~ (62} (o] ~

[

° ©

Power conversion efficiency (%)

| o
o L ! !

&19%'

+:&%2+< %51  %9;&+C+ 80.1492&.5
0+:+C%52 +DD&9&+597 0+9.01 D.0 .06%5&41
8;.2.C.:2%8&9 9+::$

H OIS & -l
BI& 1 %'$ 1" &&!
1118 %H%* 11+ % J', %
6').6" % % '%

""" HOHOH O HE&I HHE %
*120649 - Mg # 1" B( |
%S H < H# %S (
6') & H#H".(

$ I (* ($+ %% %

--L# D RENN SRR %

T2 T ZZ

@
o

1990 1995
Year

1975 1980 1985

imec

2000 2005 2010

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. ...




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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dowing Incomplete absorption
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— Incomplete absorption
— Thermalisation
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o ol % N1 & TN$#'

¢ Optimal single-junction: GaAs (25.1 %)
e Lattice-matched In, :Ga, P top cell (30.3 %)
* Ge bottom cell (32.0 %)

imec



' *( 249
7201 C\'m
% % C\/Am
% T7%$(% C\ m
17" "%’
$ NE#'"1%

Y O H H1%I" # %
vi$ L #10

imec



http://www.pv.unsw.edu.au

imec



adowing Incomplete absorption

Voltage factor

/

" (1- R)Ap, Do PR

coll E
A AN

Fill factor

Reflection losses Incomplete collection
Long-wavelength Excess-energy outside fingers

losses losses
imec



E

0$ $.- %! # % * $% '+ |
Yo T # % $- %" %% IS (% '7
#.& %' %17( ' %

Yo T 1M & T% $HS

Source: K. Barnham et al. http://www.quantasol.com

E4%52% .: 45C+&:$ B ( +DD&9&+52 $&56:+ F45928a0 $+:: .0:1 0+9.01 =%1+ 843:&9 %2 G$ .7%: . 9&+27
4==+0 9&+59+ H;&3&2&5 ' %!7%&!7 . % J L$ A 49

os$ ! - & %' .3 #$ "% '7( # % $T7- W # % % , & -
(% (0 1% MMME % NS #! %! # , .$#$ <, 1& ' N$% -1 % 0% !'R%
% TIN$#' # %( ' & % ( s % #',) C<AS5 ""#' # D %$ %<

imec




2% #)% /& %', ! I-

(' 7" . # 9(% ( &'
#.(0'- < 2% <E7<C2

7M1t %

imec



Si nanowires (1.8 eV)

Tunnel junction
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Bulk Si (1.1 eV)

Georgia Tech, Phys. Reuv. Lett., 92, 236805, 2004
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Challenge: coupling in the light
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X. Y. Huang et al. , JAP, 105, 053521, 2009

Challenge: coupling in the light
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