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Important orders of magnitude

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

Exemple: 1.5 m 2 of a 15% 
module is rated at 225 Wp

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

Light intensity 1000 W/m2
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Type – (n)

Type + (p)
Semiconducteur

� Matériau semiconducteur pur (e.g. Silicium)

� Sous illumination: absorption des photons (grains de lumière)

� Zone positive et négative � champ électrique interne

E

Fonctionnement d’une cellule solaire

qui donne leur énergie aux électrons 
� Le champ  électrique interne collecte les électrons
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Extraction du courant

Contacts métalliques sur les faces de la cellule 
� Extraction du courant électrique
� Générateur électrique
miniature

• Pour obtenir les tensions désirées � générateurs en séries….
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Courant et tension
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Un semiconducteur a une bande d’énergie interdite et n’absorbe 
les photons qu’en dessous d’une longueur d’onde propre

Si , Vmax= 1.12 V

Ge,  Vmax=0 .8 V

GaInAs, Vmax = 1.3 V 

GaInP, Vmax = 1.65 V

Photons 
non absorbés

Energie utile

Energie
perdue

Tension
Maximum

Vmax

Compromis entre courant
et tension �

Limite au rendement (33%)
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PV technologies: an overview

Crystalline silicon
Mono and multicrystalline

Status: main market share

Thin films
CIGS, CdTe, Thin film silicon

Status: increasing market share

Emerging technologies
Nano inorganic
Organic / Dye sensitized

Status: niche application

Concentrator technologies
Mostly III-V based

Status: entering the market, 
many start-ups

Novel PV concepts
Quantum dots, intermediate band,…
Status: attempt of demonstration

M
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Couches minces / différence avec Si cristallin

Plaquettes de silicium couches minces (en CIGS, CdTe,
Silicium amorphe et microcristallin)

- Beaucoup de matière
- Interconnexion des cellules 

- Peu de matière
- Interconnexion intégrée 
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Photovoltaics: current status

Cristalline Si Thin film Concentration
Multi Mono

12-19.5% 6-12% 20-26%Efficiency
20-25% 12-20% 30-50%Potential

CIGS   a-Si / µc-Si CdTe III-V based
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Each technology has pro and contra

positive Challenges

Crystalline Si

Concentrator

CdTe

CIGS

Thin film Si Lowest cost / m2

Unlimited supply
Medium efficiency
Lower CAPEX

Quick implementation of 
Ultra-high efficiency

« simple process »
Medium high-efficiency

Best thin film efficiency Difficult process
In availability

Tracking, system costs

Cd acceptance
Te availability

Proven, high efficiency Reduced Si usage
Cost decrease
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Market shares in PV

• Crystalline Si 
dominates the market 
• Thin films share of 
16.5% %(increasing from 
13% in 2008)

Si poly-
Crystalline

47.2 %

Si mono-
crystalline

34.3%

TFSi
6.1%

Ribbon
1.4%

CIS 
1.3%

CdTe
9%

(Photon estimates 2009)
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Photovoltaics: a sustainable technology ?

Source: A. Alsema et al.
V. Fthenakis et al.
Mariska de Wild-Scholten et al.
EU PV Platform Factsheet

(rooftop system, irrad. 1700 resp. 1000 kWh/m2/yr)

Energy Pay-Back Time for PV systems

0.8- 3 years payback
Time for a 25-50 
years
system lifetime

CO2 eq, likely better than
Swiss mix (import of dirty
electricity)

Detailed life cycle
Analyses (LCA)
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Crystalline Si standard chain: bulk of PV today

production costs
For integrated factory
16% multi-crystalline cells
(350 MW integrated plant)
1.06 €/Wp to 1.26 €/Wp.
(Source Centrotherm, 2009)
1.1$ according to Trina 
Solar..

~ 50-100 process steps

1.
Solar 

grade Si

2.
Ingot 

3.
Wafering

4. 
Cell 

process

5. 
Module
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From wafers to solar cells
4. 

Cell 
process

Standard
« cheap » process
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N+N++

From 16 to 16.5%
selective emitters

Backside
passivation
From 16.5 to 17%

Local electrical passivation

Plating
17. To 17.5%

Target: cost effective efficiency increase
4. 

Cell 
process
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Extension of the standard cells

• Metalisation Wrap through MWT

Clement et al. Proc 23rd EU 
PVSC, 2008

• Lower shadow loss
• Easier module
• But easy shunting at the back !

Solland « Sunweb »
MWT cell

4. 
Cell 

process
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Very high -efficiency c-Si : heterojunction

� Processing < 200°

� Highest voltage 
> 725 mV

� Best temperature
coefficient

21% in production,
23% record (Sanyo)

Thin amorphous silicon layers on N-type crystalline wafer
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Very high -efficiency c-Si

� no contact at the front side

No shadowing losses !
� high current

Easy interconnection in modules
� closer cell/lower costs

• But …. Not an easy process …..
• Requires low cost « masking/aligning »
procedures

22% in production, 24.2% record (Sunpower) !

interdigitated back-contacted solar cells
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Sunpower cells on the wings of  Solar Impulse ….

In the last three years, Sunpower

• Improved efficiency (from 21-22%)
• Changed the shape (factor filling
from 92 to 96%)
• Reduced the weight (special
thickness series)

Best compromise
Weight/efficiency/strength/cost
For the 40 kW generator

First succesfull flight  !
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Thin film: directly from glass to module

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

Oerlikon line view AMAT Sunfab sketch ULVAC system

Exemple: thin film silicon « micromorph » process
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Le leader en coût de production

Couches minces de CdTe
Investissements depuis 20 ans

� moins de 1 dollar / Wp (0.6€/Wp)

1 m2 (90Wp) leur coûte à produire 80 $
et produira de 90 à 230 kWh annuel 
selon l’ensoleillement

Preuve que le coût du module dans 
le courant peut devenir faible !

(! Acceptance Cd ? Disponibitilé Te ? � divers choix de technologies)

First solar (USA)
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Challenges for new companies to follow First Solar

• Requires time (3-10 years)  and money (50-100 M$) if 
technology needs to be developed

• Requires capacity for economy of scale (>> 100 MW)
� large investement (>> 100 M$)

Next First Solar :

Frontier Solar (CIGS, Japan) ?
Large customer of Oerlikon Solar or 
Jusung (thin film Si) ?
Revolutionary concepts ?
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www.oerlikon.com/ecomaXL/index.php?site=SOLAR_EN_press_kit
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Costs reduction of PV modules
Cost reduction = combination of

• Upscaling
• Efficiency (major leverage)
• Gain in productivity

Improvement at all steps level !

Technology access

Access to credit

Personal/Experience
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Note on cost/price of solar electricity

Installed systems:

Today’s best � 2€/Wp

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

In sunny area
1€/Wp � 50 kWh in 25 years

2 €cts/kwh at 0% interest rates

~ 5€cts/kwh at 5% interest rates

Endless supply of 
clean and low cost
electricity in view !
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Revolutions ?

USP = easy mounting…. (wind load), but  
can compete with costs (if ever) only at
very high volume (complex product)

• Solyndra (CIGS), US • Nanosolar (CIGS), US 

Process USP: printing technique 
but…works only mostly for absorber 
(i.e. a fraction of the costs)
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Conclusions

Crystalline Si
• Strong module cost reductions thanks to upscaling
• Improvements through every steps
• No easy way to make a « revolution »…

Thin film
• Potential for ultra-low cost, 
• Strong efforts always required for new technology
• No concepts can avoid related PV aspects (electrical 
contacts/packaging)
� Revolutions can help but to a moderate extent 

Balance of systems costs
• Key to further strong PV electricity cost decrease
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Thanks for your attention

Download papers from

View of IMT’s PV-Lab in 
Neuchâtel where 60 people 
work on PV-Technolgy ! 
http://pvlab.epfl.ch/
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Some “High-Tech” Swiss PV activities …
Public research
ETH domain
(EPFL, EMPA, PSI)
HES (Supsi, ZAE, 
Bern, Buchs)
Industry R&D (Oerlikon,
R&R CH, Dupont, Flisom,…)
Equipments makers
(Oerlikon, MB, AMAT CH,
3S, Pasan, Schneeberger,
Essemtech, Comax…)
Components
/consumables
(Sputnik, MC, SSF, Studer, 
Metalor Solaronix,…)

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

Other various: , Indeotec, 
Iland GT,Ideal Chimic…
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Public research
ETH domain
(EPFL, EMPA, PSI)
HES (Supsi, ZAE, 
Bern, Buchs)
Industry R&D (Oerlikon,
R&R CH, Dupont, Flisom,…)
Equipments makers
(Oerlikon, MB, AMAT CH,
3S, Pasan, Schneeberger,
Essemtech, Comax…)
Components
/consumables
(Sputnik, MC, SSF, Studer, 
Metalor Solaronix,…)

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

Other various: , Indeotec, 
Iland GT,Ideal Chimic…En lien contractuel direct avec l’IMT

IMT

PV seen from IMT …
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PV-Lab in Neuchâtel : 55 people working on

Thin film
electronics
Dr. Wyrsch

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

Conductive
oxydes TCO 
Dr. Fay, Dr. Nicolay

Flexible Si
Dr. Haug, 
Dr. T.Daudrix

Packaging
Dr. Theron
Dr. Perret

Si cells on glass
Dr. Despeisse, F. Meillaud

Equipment and systems
R. Tscharner, C. Bucher

Plasma 
Processing
Bartlomé/
Parascandolo



ANF Conf. 16.10.1032

PV-Lab: example of valorisation, Neuchâtel

Cells on 
plastic foils

Micromorph 
cells on glass

High efficiency 
devices Building of 

own
R&D tools

2010 
13.7% initial

2009 
9.8% stable

2010 
20% on 2x2 cm2
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Manufacturing 
of flexible PV 
foils

Production lines 
for micromorph 
modules on glass

Production lines 
for high eff. C-Si 
cells

Start-up 
company for 
R&D tools 

PV-Lab: exemple of valorisation, Neuchâtel
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Source: a vision for PV technology

2008 ~ 2-3 €/Wp
2008 ~ 1-2 €/Wp

2007

Production cumulée

2001

1990

1987

1983

1981

1976
Module prices (Wp) 
divided by 20  in 30 
years 

Continuous increase 
thanks to R&D and 
industrialisation

Learning curve: PV modules prices

Best prices 
Best production costs 

2010 ~ 1.0-2.7 €/Wp
2010 ~ 0.6-1.8 €/Wp

= technology
spread

Heading towards raw
material costs as a 
limiting factor
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Ultra-high efficiency and concentrators
Multi-jonction cells with III-V semiconductors by epitaxial growth

(perfect atomic ordering)
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Cellules à triple
Jonction

active Ge

GaInAs

GaInP

2009 35 % (triple jonction) 1 soleil
2009 41.6 % (triple jonction) 
Concentration of light 300-500X
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Lentille de 
Fresnel

Cellule à haut
rendement+ -

Concentrer la lumière (100-500x) 
avec composants optiques simples !

� Utilisation d’une faible 
surface active de cellule

Concentrator systems

+ - + -+ - + - + -
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Potentiel de rendement élevé (> 25%)  et 
de coût bas pour région ensoleillée 

Module Flatcon ISE/
Concentrix. Demonstrated efficiency of 
26% at AC level

Modules à concentration d’Amonix

Aspects mécaniques / tracking
compliqués. 

Système à concentration

Plusieurs dizaines de « start-ups » 


