(InESS, Energy consumption

2050: 10 billions people in the word

Energy demand (TEP)
2002: 10,230 Mtoe/yr= 13.6 TW
2050: > 25,000 Mtoe/yr => 33.2 TW

* Electricity 2002: =» 1.8 TW, with 0.3 nuclear
2050 = 10 TW

» Oil: 10x more plants : limited source & cost??
» coal: 5x more mines: CO2 ??
> Nuclear: 1 nuclear power plant/week: U source, waste?
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= Renewable Energies :@ the solution ?

World potential of RenEn

solar

Rayonnement solaire
sur la terre
152 424 10" KWh

Cycle de I'eau

46 10° KWh
hydro Biomasse
Biomass 152,4 10" KWh
Courant et marée
762 10" kKfh
waves

hergie du vent
" 3 084 10" kWh
Consommation énergétiqu
mondiale en 1995
9,5 10" kWh
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(InESS, Photovoltaic Modules cost

Learning curve for cost

Wafer Silicon

slow decrease of improvements (1%)

—

PV Module cost [US $ 2002]
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InESS PV market : technologies ??

~4%: thin films (1-5pum of Si,CIGS,CdTe)
on glass

ribbon cdr
9% €
HIT ™ 3,4%
4% uec-Si on ¢-Si

1,8%
sc-Si
26,9%

me-Si
61,8%
N

—
95 % crystalline wafers (200-300um)
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Module: Integration
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Puissance
utile

Photovoltaic cell

Light Energy =» Electrical Energy




@ﬁ% Materials for PV conversion

- Crystalline silicon >
roofs, fields

« Thin Films = Si, CdTe,
culnSe, polymere 2>
facades, roofs,gadgets

» éalnAs, GalInP
= spatial, concentration

Phs




Puissance PV installé

PV market

Grid-connected

m Off-grid | Cumulative: 7.8 GW

Annual: 2.3 GW

40% Growth .

(GR between 05-06: 34%)

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

« ~8TWh PV in 2008 = 0.12% produced electricity
e ~ 100 000 jobs

e ~ 15 billions Euros

e ~ 25% growth =»12% electricity in 2030
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PV competitive: 2010 - 2030

Cost of Electric PV kWh compared to
grid electricity kWh (peak et bulk)

€/KWh,
1,0 |
~ 900 h/a: i ;
y o | 0,60 €/kWh |
7 o G \ !
fg / 0,3 ey ORI, ._._E_..______________.._..:______________________._
ol \ € Eﬂk 1800 h/a: 5
08—
[ Photovoltaics 0.9 |-
”_:I-JI_:H Utlllty pEHk pﬂWE‘f i : 1rTL1i.r|||T.:I;‘;‘|l|
0,0 I T : T 1

Phs

Bulk power
1990 2000 2010 2020 2030 2040

ul

Vision for PV technology Brussels.ppt / 31.08.2004 / Rapp Source: RWE Energie AG and RSS GmbH  uesre fiousomsreun




S Modules CIGS: building integration
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= PV In buildings

UNIVERSITE I LOUIS PASTEUR
STRASBOURG



UNIVERSITE [l LOUIS PASTEUR
STRASBOURG



Required surface for 20 TW




PV Fields
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First use of PV

Satellites




e PVplanes

Aile volante NASA Helios : 80 m d'envergure
Oks 35 kW de cellules Si n =19 %
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