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Company Technologies Modules delivered
in 2014 (in MWp)
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Trina Solar (China)

Yingliu Green Energy (China) Wafer, mono and multi crystalline cells, modules 3361
Canadian Solar (Canada, China) /ngots, wafer, cells, modules, PV systems 3105
Jinko Solar (China) Ingots, wafer, mono and multi cells, modules, 2944
Top 10 PV
JA Solar (China) Mono/poly crystalline, modules 2407
modules
Renesola (China) Poly silicon wafer and modules, micro inverters 1970 .
producers in
Sharp Corporation (Japan) Crystalline (mono, multi) and thin film Si modules 1900 5014
Motech (Taiwan) Crystl. cells (mono, multi) and modules, inverters 1632
i Thin fil dules (CdTe
First Solar (USA) it i Source: EurObserver
Sun Power (USA) crystalline (mono, multi) cells, modules 1254 2015
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PV State of Art

111

Tecnology

HIT (a-Si/c-Si), n-type c-Si

Si (multicrystalline)

Thin film Si (tripla giunzione)
Thin film CIGS

CZTSS (thin film)

Thin film CdTe

Perovskite thin film

Organic (thin film)

Efficiency
(%)
25,6 144 Panasonic
20,8 244 Trina Solar
13,4 1 LG electronic
21,7 0,5 ZSW
12,6 0,4 IBM solution grown
21,0 1 First Solar
20,1 0,1 KRICT- Korea
11,1 0,16 Mitsubishi Chemical

Martin A. Green
et al., Solar cell efficiency tables (version 45),Prog.
Photovolt: Res. Appl. 2015; vol 23 (1),p:1-9.



Two possible approaches to the PV Research

Development of extremely low cost PV
technologies using available and not
hazardous materials:

*Thin film silicon solar cells

*Thin film Cu,ZnSnS, (CZTS) solar cells
*Thin film organic solar cells

Multijunction solar cells
for highly efficient
devices with silicon
bottom cell

/

Free choice or Si



Silicon wafer-based tandem Cells:
The ultimate PV solution for high effciency?

Martin A. Green,

50.5%
Proceedings of - 4 415
28th EUPVSEC, 2 4| 42.5% il 45%
o oge
SRR g %% Bottom cell: Silicon
- 29%
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mm Si bottom cell 1 E 3
Number of cells
Present *+* Heterojunction a-Si/c-Si solar cells
PV
activities EEEEEED ., Cu,ZnSnS, (CZTS) based solar cells
funded
by MSE .
*** Perovskite based solr cells




Recent past and next future in ENEA in the
Research on the Electric System

**Thin film silicon solar cells
**Organic solar cells

*»*Perovskite based solar cell

Next talks....
s*Heterojunction a-Si/c-Si
**CZTS solar cells

**Light management strategies in solar cells
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Advanced thin film silicon PV
Micromorph blue | glass
tandem solar
cells
o
red TCO

e Optimization of micromorph
tandem cells by means of silicon
oxide based doped materials;

e Development of innovative

absorber layers for utilization in
tandem cells;

e Evaluation of new architectures
for an optical improvement of the
thin film Si device performance
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Advanced thin film silicon PV:
Development of mixed-phase n-SiO,

Dark Field TEM
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Tunable n-Sio,: n ~ 2.5
n. k. o P Delli Veneri et al., Appl. Phys. Lett. 97, 023512 (2010)

P Delli Veneri et al., Progress in Photovoltaics 21, 148 (2013)
LV Mercaldo et al., SOLMAT 119, 67 (2013)
LV Mercaldo et al., SOLMAT 136, 32 (2015)



Advanced thin film silicon PV:
Development of mixed-phase p-SiO,:H
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Advanced thin film silicon PV:

a-SiO, :H top absorber
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Optical characterization of a-SiO,:H layers

212 F

_— Hy = 120 scem

0.5 1.0 15 20 25 30 35 40 45
CO, flow rate (scem)

p-i-n solar cells on Asahi substrates

VHF-PECVD @ 40 MHz
Gas mixture: SiH,, CO,, H,

J-V characteristic of a cell grown on
flat substrate (glass/Zn0O)

L]

Voc=1.01V :

Ll ) ] 2 L]

C(): flow rate (scem)

‘ ™ | $ y
it a
N\ ; :. = |
.5‘ “II . .
........ w__._ ;
O WA iR o i
-
s 4W
e 6W
- . .
0 | 2 3 4

L \ /
0 &

/
Ng .2 . -._"/,z/ -
g _ .

- -_--_-_—__-

] ey i

.8 1 A A A L " L - L 1
0.0 0.2 0.4 0.6 0.8 1.0

Voltage (V)
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Polymer solar cells
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Polymer solar cells
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Nanostructured block copolymer to

improve electrical transport R R,

The electric field allows to align the nanostructures
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Polymer solar cells _—
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Perovskite based solar cells

Bl Ferovskite
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Perovskite solar cells
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Film di perovskite depositati su diversi substrati
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Perovskite solar cells

FTO glass |~

Schematic structure of the
solar cell without a hole
transporter material
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Tandem solar cell:

Perovskite and a-Si:H/c-Si Heterojunction e R
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