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Les énergies renouvelables

Une opportunité ou une
destruction d'argent ?
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Le renouvelable est-il considéré sérieusement ?
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L'énergie solaire est dangereuse !
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Le solaire ¢a ne marche pas ...
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Mais quand méme....

Modules are sold according to W or Wp (=W peak)

’ <R

Light intensity 1000 W/m?

Exemple: 1 m? of a 15% at 25° C > N
module is rated at 150 Wp -

'Rule of thumb:
in CH or Germany 1 Wp -> 1 kWh per year
Best places 1 Wp > 2-2.5 kWh per year

1 square meter in Neuchatel will provide

50 to 200 kwh annually
—
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Energy density of PV

With 5% (20%) pannels in central Europe, per year

60 m? (15m?)-> electricity needs of a small family (3000 kWh)
20 m2 (5m2)-> 10’000 km by efficient electrical car (4 L/100 km)

o
Modules a 20% en vue |

If storage is improved (batteries, fuel cells,...)
- totally autonomous ....

i . )
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Quelques faits

« Temps de retour en énergie des systémes PV
0.75-3 ans (couches minces au Sud ou cristallin au nord)

* Potentiel technique

50 x plus de rendement que la biomasse: surface suffisantes
pour totalité du courant, voir de I'énergie
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Micromorph modules
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Thin films: all grades of transparencies
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Swiss made

Source: Schweizer-Metallbau
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Building integration of photovoltaics
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Et pourquoi pas ailleurs...
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Photovoltaics: current status

Cristalline Si Thin film Concentration

Multi Mono CIGS a-Si/pc-Si CdTe -V based
Efficiency  12-19.5% 6-12% 20-28%
Potential 20-25% 12-20% 30-50%
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PV markets

o Strong market

12000 25 grOWth >40%

11000 thanks to policy

13: programs:

8000 Germany, Spain
3 0% (07-08)
= ::: Japon, Italy, France,

4000 US,

3000

o ~12 GWp new

0 LI modules in 2009 !

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Cell and thin film module manufacture ~20-25 GW in 2010

Source Note: there can be a delay

N 0, H
Solar Buzz/Photon Magazine Between production of cells and 50 A) from Ch[na

installation of modules !

)
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PV module experience or learning curve
PV Module Experience (or "Learning") Curve
100 ——
1 daors 2010:
e PV ,,BACK ON TRACK*
~ 24 ON ~ 80%
z* LEARNING CURVE
s \\
§ 10 i 1990 .
PR e doubling of cumulated
e s . production volume
2 ooe® %0
o N
= DR
E LR 22.8 %\ @ ¥ 2010 1
- - - - Linear Fit 1976-2003 Bl T \ﬁ
Linear Fit 1976-2010 . .
) i i ‘ \) LR19.3% -20% price reduction
10" 10° 10' 10° 10° 10" 10° 10°
Best prices* Cumulative Production [ MW ] O 2010 ~1.0-2.0 €/Wp
Best production costs O 2010 ~ 0.6-1.7 €/W,
Sources: QC Research, PHOTON, EPIA, NREL,
a Solarbuzz, Strategies Unlimited, P. Maycock . . -( ),
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Crystalline Si standard chain: bulk of PV today

126 OWp 123 UwWp

~ 50-100 process steps '

1-1.2€/Wp production w
costs, 16% 140 [Oncane |
multicrystalline cells A | oces

Going to << 1€ quickly

| B Water

| WMk ingat

{ WPy |

Permanent small o

imErovements
020
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4.
From wafers to solar cells Cell

process

Contacts
Saw Emittter Rear PECVD Screen- Screen- co-firing, -V
damage diffusion, side SiN, printing printing P+ BSF Flasher.
etch, Impurities Etch, Front side Front Ag Al Formation, soning'
texturation gettering isolation ARC grid backside Hydroge-

Standard
« cheap » process

T
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4.
Target: cost effective efficiency increase cel

process

selective emitters
From 16 to 16.5%

Backside
passivation
From 16.5t0 17%

Plating
17.To 17.5%
(multicrystalline cells)

Local electrical passivation

‘ Soon 19% for monocrystalline (17% module).... In pilot phase at companies

)
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Thin film: directly from glass to module

Exemple: thin film silicon « micromorph » process

TCO PECVD PECVD Back Lami-

entrance p--n p-i-n contact Contact nation,
Control/ a-Si: pe-Si Depo- tabs Junction
cleaning junction junction sition box

I Fewer (but more challenging) process steps than full c-Si chain

L

Oerlikon line view AMAT Sunfab sketch ULVAC system
)
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Thin film: leader in production costs

First solar (USA) ‘

Thin film CdTe modules =
First Solar.

* > 20 years work
* Ramped up to ~2GW in 2011
+ Continuous improvements:

~>production costs < 0.75 $/ W,

1 m2(100Wp)~75$%
- 100 to 250 kWh yearly

depending on location Q

’ Balance of system costs have to follow a similar reduction|

. )
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A note on cost/price of solar electricity

Installed systems (large):

Today’s best > 1.7-2 €/Wp
(Swiss; 2.7 €/Wp...)

Tomorrow’s best > 1 €/Wp ?
(module 0.5 €/Wp, BOS 0.5 €/Wp)

In sunny areas
. Large supply of
electricity possible !

= 2 £cts/kwh at 0% interest rates

® -~ 5¢€cts/kwh at 5% interest rates
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Fazit PV

* First time in history:

Micro and macroelectronics contribute directly to energy !

- results garanteed:
cost of PV components will not
be an obstacle

For example PV panels will (some are now) cheaper than building
elements
(60€/m2to buy now !)

)
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Potential of PV........

~ Insunnyareas

5-10% PV electricity is a must by 2020-2025 ("easy integration")..
(asset: combination with hydro-pump storage) .
15-20% by 2030 but will start to require serious adaptation

If storage/smart grids/and complementarity with other sources
are developed, PV has the technical potential to become
a major energy source of the 21st century

)
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Example of potential developments

« Storage: from local to global, even with
batteries ?

From houses .... to GW electrochemical stations ....

In October 2010, Mexican President
~"| Felipe Calderon announced that

| Rubenius (United Arab Emirates) will
| install 1GW of sodium sulfur (NaS)
batteries at a facility it is developing in
Mexicali, Mexico. The USD $4 billion

% @ S project will sit on 1.4 square kilometers
Q that Rubenius has purchased near the
) \ U.S.-Mexico border....
e - 2 I(I’ﬂq
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Strength of Switzerland for PV

* A strong expertise in machines, processes, automation
* A good network of academic and research institutions
* Visionary people and projects

- good starting technological position

In 2010 over 2 billions CHF PV products export !

» CH attractive for qualified personal
* « seed money » for industry-research collaboration (CTI)

‘i Potential for CH to become a « PV Technology Hub » ‘

)
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Photovoltaics and thin film electronics laboratory

IMT Neuchatel
Founded by Prof. A. Shah 1984

Switzerland

Neuchatel

EPFL

until 31.12.2008, part of University of Neuchatel

)
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PV-Lab in Neuchatel : close to 60 people

Thin film
electronics
w Dr. Wyrsch

Si cells on glass 4 oxydes TCO
Dr. Despeisse, Dr. Nicola
E. Sculati-Meillaud ; J

Plasma
Processing
Bugnon

Dr. Parascandolo

Flexible Si
Dr. Haug
~E

a-Si/c-Si
heterojunction
Dr. De Wolf

D, !
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Equipement « module technology »

* Full equipement for module fabrication
flexible, thin film on glass, crystalline
 Extensive testing facilities for reliability and performance

)
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Module technology, product design

Goal:

« Contribute to scientific understanding of packaging (reliability, failures)

* Bring in better — lower cost solution

+ Design novel product solutions for build environment taking into account
esthaetics, costs, reliability....

PV-Lab coordinate the Archinsolar project (with
archinsolar ' EPFLLESO-LTC, EMPA, ETHZ)
(Funding Swiss-electric research, SFOE, SIG)

m Y i (l)‘l
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PV seen from IMT ...

[

POLE SUISSE
DE TECHNOLOGIE

SOLAIRE /-8

ke )

Public research
ETH domain
(EPFL, EMPA, PSI)

’ HES (Supsi, ZAHW,
Bern, Buchs)

@ Industry R&D (Oerlikon,
R&R CH, Dupont, Flisom,...)
Equipments makers
(Oerlikon, MB, AMAT CH,
38, Pasan, Schneeberger,

R ¥ JAN Essemtech, Comax...)

= "w’i"" @ components
P Iconsumables
(Sputnik, MC, SSF, Studer,
Metalor Solaronix,...)

. Production
Flexcell, Pramac,
Swiss Wafer,3S, SES...

@ Other various: , Indeotec,
lland GT,ldeal Chimic...

! En lien contractuel direct avec I'l

)
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PV-Lab: example of valorisation, Neuchatel

Micromorph Cells on High efficiency  Building of
cellson glass  plastic foils  devices own
R&D tools
)
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PV-Lab: exemple of valorisation, Neuchatel

xcell swmass [PINDEOH: SA

i

Production lines Manufacturing Production tools Start-up
for micromorph of flexible PV for high eff. company for
modules on glass foils Crystalline -Si R&D tools
cells
3 )
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Some examples of partnership with industry

e

TN With Solneva AG
' /f Innovative laser scribing systems

: 4 !

With Essemsolar AG
Screen-printing systems

With Pasan
[llumination systems
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With 3S Moduletec
Lamination processes

With Dupont CH
Novel
encapsulation
materials

With Bosch DE
Solar cell process

And more with IBM, Solvay, Metalor, Tetrasun, Gadir, Photosolar...

)
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‘Valencia EU-PVSC 2010
New world record
micromorph at 11.9%
(Paper Oerlikon-PVLab)

§ THINFAB

Oerlikon Solar announced
0.5 €/Wp possible at 10%

INTRODUCING THE NEW THINFAB —

mrlikon @ www.oerlikon.com/ecomaXL/index.php?site=SOLAR_EN_press_kit

O o P ATER T e T S B T AT S 3 B W koo S0
0 L €3 40 Wy i 13 it St Sy o 43 Wy e e reree )
Tt (e s et b, Ay S S ) Vo e Ty

ST N ‘ :
L e N i

‘"  Lowest Module Production Costs of € 0.50/Wp
Module Efficiency of 10% Stabilized at 143 Wp

THINFAB FEATUSING oy e o m—— 5
© oz : o N ~4:I'_ .’x_ a TSRS l
ooy - Low cost solar electricity with

e o Swiss technology

8 et o bt ety W et
@ et Ao 3 T P e e T




Heterojunction crystalline solar cells

Since 2005 a new activity developped at IMT Neuchatel

Ag ~ITO
(screen™_ .
printed) p

Excellent passivation with a-Si
layer!

Low temperature processing!
compatible with thin wafers
low wafer breakage

Simple structure and simple
process !

With an ultra-simple process
Similar to thin film coating

oo Batary Lausanne, 20 mai 2011
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Simplicity of the process

1 1

T Layer thickness Standard high
preparation T process
| h 20 nm —

20 nm * Diffusion
: > 70 nm <:> « SiN deposition
ront contact
Back contact Y, 300 nm '1 side printing

All deposition processes are upscalable and

,estso have been upscaled for FDP or thin film silicon
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Heterojunction solar cell results at IMT- EPFL

KAI-M, large-area industrial reactor, OCTOPUS cluster from Indeotec SA

40x50 cm?2 VHF (40.68 MHz) R&D reactor, 13x13 cm?2 (13 — 100 MHz)
21 %
| Master > 20% cell with fully industry compatible process |

), !
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Collaboration EPFL / R&R

EPFL/IMT RRS R&R
(EPFL, Neuchatel (Subsidiary of (Roth & Rau AG,
Switzerland) R&R in Neuchatel) Germany)

Basic Research Transter t_o industrial Transfer to mass
Group for HJT R&D equipment production
Cooperation with R&R research team in .
EPFpL/IMT in place Neuchatel, starting Eqwﬁ)ment tt
since 2008 operation in Q2/2009 ~ developmentieam

Pilot Line at mass
production scale in
»lechnikum®

Equipments at IMT
facilities

;.‘_‘;—‘,".-j.zn.
- —

{

)
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EPFL / RRS virtual labtour

WET: Processing as-cut wafers

v-n' |-

e
¥

il A
Specially designed PECVD tool:

R&R Patented S-cube reactor for
uniform a-Si:H layers deposition
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EPFL / RRS virtual labtour

Specially designed PVD R&R
tool:
inline TCO deposition

Screen printer
(Essemsolar)
Front grid metallization
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R&R best cell results

Cz-Si 149 cm?

Eff:  19.4%

V,: 730mvV _

J.:  34.8mA/cm? Full process upscaling
sc* .

FF: 76.5%

— Still room for Jsc improvement for
n>20 %!

- low cost 20% technology !

)
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Large area tools at Hohenstein-Ernstthal-Germany

PVD Pilot Production Tool
Full HJT cell ITO / Metal
loop qualification done!

* Excellent target utilization
with rotary magnetrons
* Low material cost

)
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Large area tools at Hohenstein-Ernstthal, Germany

PECVD large
area tool

polished wafer in large area pilot tool !

Opportunities for a high end production line in CH ? l

)
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Conclusion

» Tremendous (sometimes ignored) improvements in the last
years

* 10-20% solar electricity in the next two decades possible

* A global and a local opportunity for Switzerland

(jobs, export and energy) ...

PV-lab [
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Merci pour votre attention !
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