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Dye-Sensitized Solar Cell Technology

B Fabrication B Structure B Activities

m Development of TiO,and other metal oxide
(Wo,, WO./TiO,, Sn0O,, ...) pastes and inks

contact

annealing dye S—— B Design and fabrication of DSSCs
Spacet electrolyte B Testing and optimization of electrolytes
B Testing of dyes
| B Stability studies (indoor and outdoor)
assembling b Development of advanced DSSC systems

contact

B Sponge-like TiO, paste

Sol-gel chemistry and TiO, nanopowder

Good adhesion to TCO
Uniform and smooth surface
High surface area
Well-connected TiO, network

B //V characteristics

nN=10.2%

I DSSCs and PV modules

20 -

=73 %
16 4— -

J (mA/cmZ)

8 - —— acetonitrile
—— ionic liquid

00 01 02 03 04 05 06 07 08
V(V)

The I/V characteristics of the record DSSCs based
on acetonitrile and ionic liquid electrolytes.

B Measuring equipment

B UV-VIS-NIR spectroscopy Lambda 950 (Perkin Elmer)
B Angular resolved scattering measurement setup
B Impedance spectroscopy
m //V characterization (Newport Solar simulator
AM1.5 - class A)
m Spectral response measurement setup
m Light beam induced current (LBIC) setup
m Electroluminescence imaging setup
m
I/V characterization setup Light beam induced current setup

SC1 -»
SC2 —»
SC3 —»

t t t ¢ . *
Irradiation: 0 3.6 8.0 31.2 kWh/m’
Electroluminescence (EL) and transmission (T) images of the DSSCs aged under SC mode taken at different Spectra| response measurement setup

stage of the ageing period presented with the accumulated irradiation of the solar energy.
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Mod

eling and Simulation of SC and PV Modules

B Optical B Electrical B PV modules
B 1D simulation of inorganic and organic TFSC  ® 1D and 2D simulation of SC: drift-diffusion B 1D and 2D simulation of thin-film and
with nano-textured interfaces (SunShine). model enhanced with models of thermionic conventional PV modules (SPICE).

m 2D, 3D full-wave simulation of TFSC with emission and quantum tunneling (ASPIN2).

textured interfaces (FEMOS, Comsol, MEEP).  m Simulation of amorphous silicon, micro- and

B Simulation of electrical losses in
monolithic contacts.

B 2D, 3D combined modelling approaches for poly-crystalline silicon and chalcopyrite SC
simulation of TFSC including micro-scale exhibiting local inhomogeneities (e.g. CIGS),  ® 2D electrical simulation of the local defects

interface textures (CROWM). and dye-sensitized solar cells (DSSC). (shunts) in thin-film solar cells.

TCO
p a-Si
ia-Si
a-Si
/ Al
3 substrate P1 |G1/P2/G2|P3
g
Sl 00 F )\ VeEerrrraa- . PYPE DEEECEEEE-EEIEEE T [
2- ' active area monolithic contact area
Q
w
_G1 R G2 D_G2 LG
©) A = A
RRRRRRRRRRRRRR R_Mo
. s e | | """""""""""""""""""""""""""
Il
Rigorous FEM simulation (FEMOS) of light scattering Simulation (ASPIN2) of the minority carrier density profile
by means of a one-dimensional rectangular periodic grating. (electrons in this case) in a back-contacted silicon SC. A cross-sectional schematic view of a typical thin-film module with active area

1D discretization and equivalent electrical circuit of an individual solar cell.

‘ incident light rays

/sg; textured

front component
(geometric optics)

B sSiN,
W n-c-Si

i-a-Si:H

00000

[ . \ ]
- p-type a-Si:H strip doping [cm"‘_] | Y | S

— NA= 1x1019

(ww) A

- - 10 '_ —NA=53101B | | \ ‘_:4 _'
= thin-film| solar cell [ | e— N, =7.5%10" g

,’
| (wave optics) P . metal . s N, = 5x10"7 U
i N, =2.5x10" \ 1
substrate ; | \l
(geometric optics) et S v S e ——
v 00 01 02 03 04 05 06 0.7

V[V] x (mm)
Combined geometric optics / wave optics simulation (CROWM) Simulation (ASPIN2) of an interdigitated back-contacted silicon heterojunction SC Electrical potential on the surface of a thin-film
of a TFSC with a thick surface-textured front component. with different doping levels of the p-type hydrogenated amorphous silicon. solar cell with metal grid fingers.

Monitoring and Analysis of PV Modules

B Characteristics

B Four-wire connection of each PV module to IV scanner | |
|
B |V scan accuracy (voltage 0.1 %, current 0.2 %) | |
m Class A pyranometers and spectraly matched reference cells | [ PV module PV module |
. . . . |
B 24 PV modules in standard configuration - easily expandable | o7 7T e e e o7 |
L L l
m Open/Short circuit or MPP load conditions < Controlbus > —|  PVMU rmonr |
m PV module max. ratings:200V/10A /400 W | — — - |
. o |
m Upto32temperatures monitored on each PV module (1 °C) | o \s o\ o\ |
. . 4 Wind-
m No energyiswasted-a grid connected system l Weather station o
| Air pressure AR |
m Procedurescomplyto EN60891 & 60904 : ,
L e e o e ]
Each PV module is equipped with MPPT
',;"r_*_" T em memn een mmae e > < 250 T T T T 12
3T SIS m} .l I Plane of array solar energy [kWh/m2]
e L SRR T et B PV module energy output [kWh]
——————— ,. > —(O— Performance ratio
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mc-Si PV module results
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