LR Nanotechnology in energy applications

) N TN I L
2005.11.16

1. 5% /},%l}i WER 23
2L 20 RZP R ZE-SIBERBT
 Solid state silicon and lll/V group solar cells
(AP E=T < HBiaH)
* Dye-sensitized solar cells
(A ALagis X7 #)
3. ’$ IR
4, S LT R
b, Acknowledgements




O A 7 A 2 N
T e-m BATEn RS e
e
Lo
Solid state silicon&
/V [1I/V group solar cell
~HaaRs ‘
Dye sensitized
solar cell
e TR 3
A
e FOOT
B g4k
(F#~2FNR)







11
i
;

!
¥
\
.

—

- | - -
- - - = hpeld — —_
i e~
a = . gt
= T e - e

Chrigimay photogmph faben in TE2E of e Upssls Glegern Fatsgonia, Amerdine

Climede impact Documendation Petegoesis (Chide - 2004, Composite meages of Upsee Gocen Petagones. Srosntna.

1928-# ¥22004 & fr 2Lk 7 i) 19 ¥R

F# k& : Renewable Energy The Solution to Climate Change » www.erec-renewables.org




8 1TRI

« 204 & 23T Hap 4 F B2
+ 1950 12 48 ISR R i
£ 204 4
£ 202 4
£ 202 4

« 201 X

[ ]
\\
=

'P"’[‘ﬁ

-

N

o4
M

o,
o
~

&y
<
<l

-

_I‘i,;lij:;;g)ia

1§ 40.6~1°C -
SR DIRARE R R A g

+20.1-02m-

B4 RA U C S HE S 2%-4%

FRE KB 42%

FHLBT 0 1960 kB Lk 2R BT B A RS 10% o

BRI TR A 0 201

ALY BEREDPPRE P BRI LRSS




¥ 1TRI e 7?*‘ F9 29 1 T ag (L

Atmospheric CO2 Concentration at Mauna Loa

(ppm)
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Humanity’s Top Ten Problems
for next 50 years

ENERGY

WATER

FOOD
ENVIRONMENT
POVERTY
TERRORISM & WAR
DISEASE
EDUCATION

. DEMOCRACY

10. POPULATION

© 0N R WDRE

Source: Richard Smalley, Energy & Nanotechnology Conference
Rice University, Houston May 3, 2003
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WITRL \otable evens in the history of photovoltaics

1839 Becquerel (FR) discovered photogalvanic effect in liquid electrolytes
1873 Smith (UK) discovered photoconductivity of solid Se

1877 Adams and Day (UK) discover photogeneration of current in Se tubes; the first observation of
PV effect in solids

1883 Fritts (US) makes first large solar cell using Se film

1954 First 6% efficiency solar cells reported: Si (Bell lab, US) and Cu2S/CdS (Air Force, US)

1955 Hoffman electronics (US) offers 2% efficient Si PV cells at $1500/W

1958 NASA Vanguard satellite with Si backup solar array

1959 Hoffman electronics (US) offers 10% efficient Si PV cells

1963 Sharp Corp. (JP) produces first commercial Si modules LW

1966 NASA Orbiting Astronomical Observatory launched with 1kW array B

1970 First GaAs heterostructure solar cells by Alferov, Andreev et al., in the USSR

1972 First PV conference to include a session on terrestrial application (IEEE)

1973 A big year in photovoltaics:
World oil crisis spurs many nations to consider renewable energy including photovoltaics
Cherry Hill conference in US: established photovoltaics potentail and legitimacy for
government research funding

World’s first solar powered residence (Uni. Of Delaware, US) built with Cu2S (not c-Si) solar
modules

Source: Handbook of PV science and engineering, John Wiley & Sons, 2003

24



JITRL \otable evens in the history of photovoltaics

1974 Project Sunshine initiated in Japan to foster growth of PV industry and applications
Tyco (US) grows 2.5cm wide Si ribbon for photovoltaics, first alternative to Si wa,t S
1975 First book dedicated to PV science and technology by Hovel (US) "
1980 First thin-film solar cell>10% using Cu2S/CdS (US)
1981 350kW concentrator array installed in Saudi Arabia
1982 First 1MW utility scale PV plant (CA, US) with Arco Si modules on 2-axis tracke
1984 6MW array installed in Carrisa Plains CA, US
1985 A big year for high efficiency Si solar cells:
Si solar cell>20% under standard sun light (UNSW, AU) and >25% under 200X |
concentration (Stanford Uni. US)
1986 First commercial thin-film power module, the a-Si G4000 from Arco Solar (US)
1987 Fourteen solar powered cars complete the 3200km World solar challenge race AU)
with the winner averaging 70kph
1994 GalnP/GaAs 2-terminal concentrator multijunction > 30% (NREL, US)
1995 *“1000 roofs” German demonstration project to install PV on houses, which triggered
the present favorable PV legislation in DE, JP and other contries AN
1996 Photoelectrochemical “dye-sensitized” solid/liquid cell achieves 11% (EPFL, CH) | L

. |||L b
i ||I:IIHI|'|||f‘ "

N e ! (]
o 1 e T
- ‘— - . 7

Source: Handbook of PV science and engineering, John Wiley & Sons, 2003
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1994 Worldwide PV production reaches 100MW per
year

1995 Cu(InGa)Se2 thin-film solar cell reaches 19%
efficiency (NREL, US) comparable with
multicrystalline Si.

First concentration array for space launched on
Deep space 1 by US (5kW using high efficiency
GalnP/GaAs/Ge triple junction cells)

1999 Cumulative worldwide installed PV reaches

1000MW

2002 Cumulative worldwide installed PV reaches
2000MW. It took 25 reats to reach the first S
1000MW and only 3 years to double it; production &
of c-Si cells exceed 100MW per year at Sharp
Corp. (JP).

16 W

B 9 AT = 16%

L3

100 W/m?

Source: Handbook of PV science and engineering, John Wiley & Sons, 2003
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Solar spectrum

ASTM G173-03 Reference Spectra
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The solution is solar energy

Only 10 minutes of solar irradiation on the Earth’s
surface Is equal to the total yearly human
consumption.

Therefore, If we could accomplish harvesting
merely a fraction of the solar energy reaching the
Earth, we would solve many problems associated
with the energy, and the global environment.
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Charge separation mechanism @ Solid state and DSC PVs

Silicon Photovoltaic Cells Dye sensilitize Solar

Cells (DSC)
/-. TiO, D*/D*  Electrolyte
— e-R
p-Si (B)  hy cb
«—— [CdTe] - @
R e
n-Si (P) ®— D/D*
[CdS] Dye

Charge separation by
kinetic competition like in
photosynthesis

Charge separation by
electric field within a p- and
n-doped semiconductor
material (Si, lI-VI, a-Si: H)

36




¥ 1ITRI

N L) N ]
A At

f=

Nanoparticles

Anode :

Cathode :

Cell :

- w2y )
At

/"~ 50fs~1.7ps

S+hyv—>S*

S*—> S +e (TIiO,)

25" +31" > 2S5+ 1,

I, +2e (Pt) >3l

e (Pt)+hv > e (TiO,)

p1IERIE
— - 0.7
- 0.2
V vs SCE

- 3/
B o

Absorption
Electron injection

Regeneration

3R TR

LN

(1 345 #Ti028 &
. E i ¥ HOMO-LUMO® i

L

3. BWA PRETE

BRe gk
\

N -

% bandgap -

4, P-it § l"}ﬁﬁ%’ﬂb’l HRBBEIEIET
Q BT R A R

J

M. Gratzel, Nature 2001, 414, 338-344.
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Production Forecast of Solar Modules Using
Different Technologies

MW 30%p.a. > < 25%p.a. ——> GW
3500 140
2010 (F t 3000 = 120
(Forecast) 2500 m\ | 100
Jp 1.200 Cell=® & |
EU  1.000 2000 g 80
us 500 1500 60

SOA 500

ROW 500 1000 7 40
) 3.700 500 7 20
: _LI_ n I

2002 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
M c-Si 430 | 950 | 3340 E c-Si
M thin film 20 50 | 290 M thin film
B "New Concepts” 70 0 "New Concepts"
B c-Si 9 24 56 | 114
M thin film 2 8 36 | 133
O "New Concepts" 1 3 20 133

Courtesy Dr. Winfried Hoffman, CEO, RWE, SCHOTT Solar GmbH 40
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Market Size in 2030 for the four market segments

Total 300 GWp

— 200 bio €

\ Modul Turnover
\in 2030

Courtesy Dr. Winfried Hoffman, CEO, RWE, SCHOTT Solar GmbH a1
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PV module shipments by applications

Solar Home Systems

Water Pumping
%

2%

Military/signalling
3%

Cathodic protection

OmfF 2 IEPVH H=
E2. 8 4% o

OF RER IR T
* A1 Grid-connected
PV-systems

(DK ER
AIEE RIS
A SHS (Solar Home
Systems) & “t

European PV 43
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4o iz iE - 212 KW= e ok 5L

I i5- X p B4 hours

P2 7 £ & 12kW*4hours = 48 kWhours = 48 & 7

F - 7 pheT 3a- X i * 3kW*4 hours=12 kWhours,

A1 48kWhours® & 514 = FJs
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100 T T | | I
1980: $22/W Historic

/ 1986: $10/W Projected:

J = = = Sjwafer
2000: $4/W == = Sjfilm

= 10f \ . MWp | Cost/Wp (US$)
o
frng Cost competitive with 10 20
m -
E_‘—f distributed fossil fuel 2014: $1.40/W
@ Cost competitive with P 4 \ 100 10
E on-grid fossil fuel ey .o 10,000 3
(o I R e e T e it ¥ = oo =
= T &________________________-_,; 100,000 1.4
U.S. DOE Cost Goal
0.1 . I . I . Much Effort by Nanotechnology
1 100 10,000 1,000,000

Cumulative Production (MW)

Historical and projected costs for wafer c-Si and film c-Si photovoltaic modules versus their cumulative production (in megawatts).
“Distributed fossil fuel” refers to off-grid generation of power, using, for instance, gas-driven generators.
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Cost-efficiency analysis for first second-, and third-generation photovoltaic technologies (labeled I, I1, and 111, respectively). Region Illa

depicts very-high-efficiency devices that require novel mechanisms of device operation. Region Il1b—the region in which organic PV
devices lie—depicts devices with devices with moderate efficiencies and very low costs.
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I1I-V group PV cells and concentrator cells
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LPE Laser power and signal beaming L. .
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Dye-Sensitized Solar Cells (DSC)

Advantage: easy to fabricate flexible cell
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A telephone booth supplied by photovoltaics
with an energy management system

Mobile phone with PV power supply
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Semi-transparent architecture

LIGHT - TRANSPARENCY

A NS ENEE NI SO SN I EERE mEE I

#7 651 EE7 EEE EEE R REE AR RRRNRANRE
#/ 557 550 BEE ERR RERRRRRRRRRRTNNNRE

&/ 557 §87 525 R HRA RRRERANRR RN

i ANk ANk dEEk dEk dik dlk dEk dlh dER dBE

& 551 BRT R IR TR AR AR R R AR

£f SSFf SEE ' EEE EEE EEE EEE EEE EEE EEE nuR

e Transmission controllable through change of morphology of titania
e Colours depend on dye and electrolyte choice
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The Helios prototype aviation of NASA
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