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ce average solar energy is ~ 4 x 1024 J / year
ption (2012) was ~ 5 x 1020 J / year (increasing annually~ 2%o)
i
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Production and cost
oliR\/s nstallation

Solar Energy Component Costs

Solar Energy Component Costs per Watt
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Panels Inverters Batteries
Source:Sharp, Akeena Solar, SolarBuzz

Controllers Installation

Estimated Generation of Solar Power by Type of Technology

a-5iimu-5i Dual Cells

Cithar Second Ganaration
Thin Silicon Wafars
Polysifcon & Monosilicon
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Source: SAI Gonsuling.
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History
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1839 : Finding of
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effect in a solid (Heinrich Hertz)
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u solar cell
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2000 : re:
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) process , flexible substrates
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Table 1 Performance of photovoltaic and photoslectrochemical solar cells
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US$0.10/W US$0.20/W US$0.50/W

Z_|Thermodynamic
limit

US$1.00/W

Efficiency,%

Present limit

US$3.50/W

Cost, US$/m?

cost | flexibility | shape | permeability | color
factor
filling

DSSC/OPV
(3" Gen)

Thin Film
(2" Gen)

Crystalline
Silicon (1%
Gen)

'Disadvantageous @ Medium Advantageous

Efficiency, %

weight | external-
internal
use

Q High Advantageous
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chemical Solar cells
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Cell efficiency

jon efficiency () lsc : Short-circuit current
= Current value when V=0
Ve - Open-circuit voltage

CURRENT

VOLTAGE - \ltage value when 1 =0
P : Power output of the cell
P=IV
FF : Fill factor

77=|m'°—m'°><100 -
P

S
oton-to-current conversion

fficiency (IPCE)

no. of electrons through the external circuit
no.of photons incident

_ [1240 eV nm][ photocurrent density (zA cm2)]
[wavelength (nm)][irradiance (mW cm2)]

IPCE =

400 S00 SO0 TO0
Wavelangth (nm)
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Cell reactions

" S(adsorbed) +hy =S >|<(adsorbed)

_S* i -
S (adsorbed) -3 (adsorbed) te (injected)

-5 +(adsorbed) tA — S(adsorbed) +A

- Acathode) T € = Acathode)

Advantages

Low cost ( <100 euros/m?)
Utilization of visible range of light
Simple manufacturing process
Environmental compatibility
Transparent solar cell

- Window

Moderate efficiency ~10%
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RPrinciple ofiOperation
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1. Nanocrystalline SC = large surface are:

light scattering, electron percolation, A
2. Sensitizers (Dye) = distribution; |
spectral properties, redox properties in the
groups (carboxylate or phosphonate), Polyp
complexes ™

3. Electrolyte = ionic conﬂ

potential, mechanical oo -

electrode (I1-/15)

4. Extra = transparent cor

metal grid, counter electroc

-
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E(V)vs SCE  TiOg
1.0

2)

(1) Excitation of dye under illumination (ns)
(2) Electron injection (ps)

(3) Electron transport (ms)

(4) Regeneration of dye (10 ns)

(5) Recombination with oxidized redox (ms)

(6) Recombination with oxidized dye (s)

30 mM of I~ Is enough to reduce the most of dye cations
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Dye-Sensitized Solar Cell Kit

Cotor-alactiodes Dye from black- Electrolyte
from conductive berries, raspberries,

glass (about § pieces)  beets, tea, etc.
Pencil e —————
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An overview to the Main process steps of

......

'anufacturing a standard nc-DSSCell

insulation) of the TCO-glass plates

Ive silver lines for adequate current

orinting of colloidal TiO, and platinum-containing pastes on the
rodes '

_ f the TiO, and platinum layers between 400 and 500°C

_ : 1 0f the TiO, electrode by chemical bath deposition

alihg amination of the two electrodes

- Injection of electrolyte through the two electrodes and device closure

8. Electrical contacting and wiring



http://www.teipat.gr/

2 mye=sensitizediPnotoelectrochemical Solar Cells based on liquid
BIECtrolytes or nanocomposite organic/inorganic gels (solid
electrolytes).

Electrolyte
Catalyst (Pt, carbon, e.t.c.)
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rfactants as templates in the formation of TiO, nanostructure
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re of TiO, powder and films
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Electrolyte
Catalyst [Pt, carbon, e.t.c.)
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Sensitizer '
Manocrystalline TiO, l !

|
|

e
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Electrolyte

Catalyst [Pt, carbon, e.t.c.)
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= d electrolyte is usually the redox couple I/l from a
of KI/I, In an organic (no viscous) solvent
— sulfolane — propylene carbonate )

More efficient 10nic

i

COMPOSITION OF A
NANOCOMPOSITE
ELECTROLYTE 2. Solvent

- 2. Redox couple 1/1;

The precursorsolution must be sufficiently fluid to fill the pores of the
nanostructured semiconductor

- 1. Organic-inorganic matrix

Nanocomposite organic—inorganic materials prepared through Sol-Gel method give a
new type of Solid State Electrolytes with excellent durability and mechanical
properties.
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A RTIL Is an ionic material that IS
liquid at room temperature.

They are based primarily on
asymmetric organic cations paired
with inorganic anions.

By changing the ions, a countless
variety of RTILs can be obtained.

*The asymmetric shape of the cations
prevents the packing and the
formation of solids at room
temperature.

eAir and water resistant.
*Can be hydrophilic or hydrophobic.
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SEM image of the TiO, film on FTO
glass prepared at room temperature
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Cross-section SEM image
of the as-prepared TiO, film.
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Substrate ~ TTIP TTIP: Q IPCE J \% ff n

SC oc
(M) P25-TiO, (%) (%) (MA/cm?)  (mV) (%)
(Molar ratio)
FTO 0.180 0.14 0 31 6.9 673 058 2.7
lass
g 0.110 0.084 0 46 11.2 711 059 47
0.070 0.056 0 58 11.7 720 059 5.0
a’gn 0.053 0.042 0 62 12.5 720 059 53
(&]
E 12 0.035 0.028 2.5 59 9.7 700 060 4.1
}; 8 0.017 0.014 4.0 48 8.4 688 059 34
@ 7 | BTO- 0.180 0.14 0 20 46 697 059 1.9
G 6 PET
e . N | 0110 0.084 0 27 5.9 736 059 2.6
[
; 0.070 0.056 0 34 6.7 741 060 3.0
q:” 4 Active area 0.8 cn?
3 37|y =059 2) ff=0.6 0.053 0.042 0 41 6.9 750 060 3.2
2 —|Voc=720mV Voc=750mV
1 Jsc=12.5mA/cn?  Jes=6.95mA/cn? 0.035 0.028 24 37 6.8 722 0.61 3.0
n%-=>5.3 n%=3.2
0 - - 0.017 0.014 5.3 32 5.5 694 060 23

00 01 02 03 04 05 06
Voltage (volt)
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Light entrapment by multiple scattering
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Ie.area eposmon of-:uniform Ti0O, layers.
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LrOIytETimg

mterconnection of individual

Seall - 10 of modules
L@)msr"‘ m stability

Evaluation of process steps in terms of costs.
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Current (mA/cn’)

Irradiation= 780 W/t

\Voltage (volts)

Current (A)

Irradiation= 720 W/nt

Tl T f
0,00 008 016 024 032 040 048 05 064 0,72

voltage (volts)
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Main Silver Contact

/

Laser Scribing

Glass substrate
No 1

Silver Contacts

Glass substrate
No 2
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—— UV blocking layer on glass|

Absorbance

4C|)0 I 5C|)0 I 6C|)0
wavelength (nm)

8
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Degradation (%)
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Energy of PV (Wh m?)
Energy of sun (Wh m2 102)

Energy of PV (Wh m?)
Energy of Sun (Wh m210?)

Irradiance (Wm ?)

0 Mono-Si BThin Film O Brite OSun Total energy produced
80 Sun: 7609 Wh m2
Mono-SI:  105.53 Wh m?2
Thin Film:  82.99 Wh m?2

70 1 Brite: 42.105 Wh m2

60 A

50 1

40 A

30 1

20 1

N !_;

0 T T
5:00-11:00 11:00-15:00 15:00-21:00
Time period (hours)
50
OMono-Si B Thin Film OBrite OSun Total energy produced

Sun: 3977 Wh m?2
Mono-Sl: 44.94Wh m?2

40 4 Thin Film: 31.31 Wh m?2
Brite: 30.07 Wh m2

30

20 A

0 ! T

5:00-11:00 11:00-15:00

Time period (hours)
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Irradiance (W m ?)
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Wh m2/Wp m?2
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0,00
500 00 700 g00 00 4000 41:00 42:00 13:00 4400 4500 4600 47:00 1800 19:00 5:00

Time (hours)

0,20

0,15 -

0,10 -

0,05 -

Brite-DSSC

—— Mono ——— Thin Film

0,00

5.'00 6'-00 ,{.‘00 8'-00 9.‘00 10‘_00 11‘.00 12"00 13-_00 lA"OO l5-_()0 16"00 ’3_’{'»00 ,L%g()() lgg()() 20;00

Time (hours)



http://www.teipat.gr/

Wh m? /W, m?
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(3) Metal deposition Solar Fiber
(2) Organic and

deposition Metal transfer Auxillary conductor w

(1) Substrate l llj /

preparation

N S
Barrier coating .~ Photoactive lay
Outer conductor  Inner conductor
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Acceptor

......

Acceptor

lergy Migration
usion length ~ 10 nm !!!!

Photoinduced
Charge Generation

ITO
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Critical'Steps in organic Photovoltaics

Photon Absorption (Band gaps, e.g. 1.3-2.0 eV on earth).
Exciton Diffusion (D/A interface within 10-70nm).
Charge separation (orbital offsets)

Charge transportation (morphology)

Charge collection at electrodes.

Al e

BILAYER BULK HETEROJUNCTION

Adurminum

IT I [ “ 1 [
Light Light
- B DMO-PPV e MDMO-PPV
| — PCBM 2 PCBM

Aluminum

Key Loses of OPVs

1. Photon loss (light wavelength/spectra vs Band Gap)
2. Exciton Loss (D/A domain size/morphology/Energy Levels)
3. Carrier Loss (Transport Pathway/Morphology/

Molecular Packing/Collection at Electrodes).
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