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CSEM
PV-center ( depuis 2013)

EPFL- PVLAB

• Recherche de base

• Dispositifs avancés

• Recherche appliquée

• Du labo à l’industrie

Activités de recherches et d’industrialisation
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Infrastructures uniques

Technology
infra-
structure
Platforms Metrology and characterization

Thin film
Coating & 
lasering

Cells Pilot 
lines 

Modules 
R&D lines

Polymers 
com-

pounding

storage R&D 
center

(with BFH)

Testing and 
reliability

(with Supsi)

Over 2000 m sq of lab and facilities in Neuchatel
(and Fribourg and Basel CSEM Muttenz)

from coatings, to cells with polymers, to 
modules, to systems
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2000 m2 research and piloting… Contracts with over 40 companies along the chain..



PV lecture  Master EPFL. Chap I, Introduction / C.Ballif

Les chemins du solaires

Swiss solartank

www.2sol.ch

• Passif

• Thermique

• Thermique avec stockage saisonnier

 Hot water or ground heating and 

energy recovery with PAC

http://www.2sol.ch/
http://www.2sol.ch/
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiOnbns7OvKAhVTSZoKHU6_DqoQjRwIBw&url=http://www.sol-air.ch/Nos-realisations/Eau-chaude-solaire/mobile/&bvm=bv.113943665,d.bGs&psig=AFQjCNHrDO1y4H-DCJxtZswCTcNqEF3Lsg&ust=1455147393366886


PV lecture  Master EPFL. Chap I, Introduction / C.Ballif5

Solaire thermique à concentration: lumière, chaleur, 

électricité

• 300°-600°C

• possibilité de stockage de chaleur !

• perspective pour kWh à ~ 7-10 €cts

• Système complex, rayonnement direct
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Politics: mportant to  reach 12-15 GW installed…

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=7ZA_bP2M8qfc1M&tbnid=FOypMhRZRWrt7M:&ved=0CAUQjRw&url=http://www.parlament.ch/f/service-presse/fotogalerie/nr-saal/pages/default.aspx&ei=zx9uU_rqHIOXPerDgMAL&bvm=bv.66330100,d.d2k&psig=AFQjCNG4Gn_ljHt0h0rmfEqNpGqs3Fo1ag&ust=1399812426006468
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=xWIrz0_93eJ9sM&tbnid=ZQJ-9Q2TESkGTM:&ved=0CAUQjRw&url=http://www.utilities-me.com/article-2271-yingli-solar-wins-first-jordan-order/&ei=vCFuU8rmCoaDOL-EgcgG&bvm=bv.66330100,d.d2k&psig=AFQjCNHWicbMp0E5GkvAJvwIQt1R_eaECg&ust=1399812886256954


PV lecture  Master EPFL. Chap I, Introduction / C.Ballif

Solar in Switzerland

Target: 7 GW by 2030 (12% electricity)  install 400 MW per 

year from 2018…

12-14 GW by 2050 (20% electricity)  300-400 MW 

(renewal)

7
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What is a “standard” solar cell ?

A transformed silicon wafer…
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1998, 40 millions cells made (at 25 CHF/piece)

In 2016, 12 billions (at 1.5 CHF/pièce)



Intensité solaire

1000-1500 kWh/m2 per year

1 baril of oil

(159 litres) 

per m2 et per year

10



Density of solar energy
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With 10 m2

2600 kWh in Engelberg

13’000 per year (20kWh/100 km) 

with the most powerful e-car



Costs of Solar?
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Global solar market

Source 

Solar Buzz/Photon Magazine

A strong volume growth

market thanks to policy first:

Allemagne, Espagne, Japon, 

Italie, France, …

Added modules:

0.15 GW en 2000

37 GW en 2013

55 GW  en  2015 

65 GW en 2016

At noon: 

65 new

Nuclear Power plantsFabrication de panneaux solaires annuelle

?
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Learning curve for PV module 

Sources: QC Research, PHOTON, EPIA, NREL, 

Solarbuzz, Strategies Unlimited, P. Maycock
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PV Module Experience (or "Learning") Curve

LR 22.8 %

 Linear Fit 1976-2003

 Linear Fit 1976-2010
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Cumulative Production [ MW ]

Effet d‘échelle

Si on double la

production cumulée

-20% de 

réduction de prix

Price * 

Production costs

2017 ~ 0.4-1.2 CHF/Wc

2017 ~ 0.4-1.2 CHF/Wc

*typically ordering 1 MW modules14



15

A standard c-Si pannel at 17 % 

efficiency  170 W/m2 nominal 

power costs

Nominal power given under 1000 

W/m2 of light

At 25°C

65  CHF/m2

1 m2 will produce 6500 kWh over 

40 years in  Engelberg…..

1cts/kWh 

Base material price
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Cost of solar electricity
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Larges power plant

in Sunny country

0.34$/Watt modules

0.2 $/mounting/cable (1 axis)

0.06$/Inverter-Grid connect

0.2$/ engineer/others

Total invest: 0.8$/W

2kWh/W annually

1.4% maintenance, 25 years

4% interest rate

Direct cost of solar electricity

10 kW added

rooftop PV in CH

0.6$

0.2$

0.2$

1 $

Total invest: 2 CHF/W

1.1 kWh/W annual

2% op. tax, 30 years

2% interest rate

12 cts/kWh3.2 cts/kWh



Direct costs for large system in Sunny 

country
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Suisse: now typically 8-10 cts/kWh

South EU/USA: 5-7 ct/kWh

Best places: 2.7-4 cts/kWh

Charbon

Solaire

Gaz

Without costs of CO 2

In more and more 

places solar is the 

cheapest source of 

electricity
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Renewables 2017, IEA:  Wind and Solar = highest new capacity added !



Copyright CSEM 2017

The multiple curses of solar electricity
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Unfair competition with CO2 rich energy sources (e.g. 

marginal cost of coal in EU)

Self destroying market with noon peak production

if no agreed pricing

Costly access to the grid/low feed-in tarifs

Slightly more complex energy system

Value 

≠

Direct cost
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Retour sur les installations mondiales…..

21

Annual PV installation by region until 2016 (Source IHS/PSE).

Chine,

Inde,

USA, 

Chili….
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Le prix des centrales 

nucléaires

No volumes:

No-price going down
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Stockage de l’électricité

23

Même courbe d’apprentissage que le photovoltaïque !
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Growing specialised markets

4 million solar products 

sold by members of the 

Global Off-grid Lighting 

Association (GOGLA) in 

the second half of 2015 

2 millions in Sub-

Saharan Africa.

+Micro-credit

+Smart Phone payments
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Powerpure
technologies for  lowest cost 

solar electricity

E-tonomy

energy scavengers 
and ubiquitous 
power sources

Elegance and architecture 
transforming building and cities 

with solar

Smart 

intelligent E-management, 
efficiency in building, 
storage, renewable

Application fields

Explore

customized PV 
products from the 

water to the air
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Power pure : Trends in mainstream crystalline PV, 95% of the 
market

Al-BSF 

 PERC

• diamand

Wire

sawing for 

mono

• Thinner

mono

• HHP multi
N-PERT, SHJ

• More 

busbars

• Glass-

Glass

• Wires/multi-wires

• Half-cells

• Shingles

• MWT

• Single-axis

tracking

• 1500 V

• Bifacial

IBC
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2005 2008 TODAY

First high 
efficiency solar

cells

Hosting and transfer
of technology to 

Roth&Rau
Switzerland

2009

Swiss

Electric 

Research

award 2007

Creation

Roth and Rau

Switzerland

Meyer Burgers

Acquires

Roth&Rau

Industri-
alisation

phase

First production 
lines and tools

sold

Large scale
demonstrator

2011 2013

22-23 %19.2% 22-23 %

POWERPURE: cellule à héterojonction
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Short-term manufacturing costs of
~0.25-0.35 €/Wp at 20% efficiency
Potential for further cost reductions

Future of c-Si SHJ modules, 60 cells, 6’’

360 W

Basic HJT

350 W
340 W

330 W
320 W

310 W

300 W

Optimised cells /
smart wire

Bifacial with
20% rear light

Back-contacted

Optimised
modules

360 W-400 W

Today 

Standard/PERC 

R&D
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Cellules «tandem»: 2 cellules l’une sur l’autre

Couple the Si cell with a top cell of higher band gap energy

Reduction of thermalization losses

Generation of additional voltage

Si bottom cell

Independent

operation of cells

(4-terminal)

serially 

connected

(2-terminal)

top cell, Eg2>1.12eV

CB

VB

Silicon 

Eg = 1.12 eV

hn

CB

VB

hn

Wide bandgap semiconductor

Eg > 1.12 eV
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Record next generation devices

Custom designed small HJT cells
4 terminals III-V /c-Si tandem, 

«Potential low cost» 
Perovskites on Silicon, 4 
terminal measurements> 32.8 % Record du monde

25.6% in-house 

S

J. Werner et al. JCS
F. Sahli, Adv. Energy materials

S. Essig et al. IEEE JPV 2016
S. Essig et al.Nature Energy 2017
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ELEGANCE
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Sensitive to aesthetics

Switzerland, sensitive to acceptance in Rural  and Urban 
Environment
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Integrated «Megaslates»
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Swiss Solar Award 2015 «renovation category»

Over 10’000 

systems installed
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Aesthetics in PV

Thermal Insulation

H2O-tightness

Structurally tough
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Terra-cotta PV
A n  e x a m p l e  o f  t e c h n o l o g i c a l  t r a n s f e r

Thin-film terra-cotta 

Mat or shiny finish

Sizes: full size ( 1100 x 1400) and small size available
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Photovoltaic in buildings
D e m o n s t r a t i o n  p r o j e c t  i n  S w i t z e r l a n d
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Change of strategy: crystalline c-si based terra-

cotta module 115 w/m2

Simulation
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• Better aesthetics

• Easiest integration

• Building façade are becoming active

• Possible over 10% efficiency

White photovoltaic modules
A  n e w  b u i l d i n g  m a t e r i a l

 A new building material 

Intensive Field testing

1st generation

product with
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Visible IR

Colored photovoltaic modules
N e x t  s t e p
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Still a simulation
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Influence your
neighboors ….

“Example isn't another 
way to teach, it is the 
only way to teach”, A. 
Einstein
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Connect
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EXPLORE
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EXPLORE
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PV Modules Fabrication:  Customized PV products 

• Development of high-efficient integrated, light and robust PV element for solar 

plane and boat :

 700 g/m2 modules 21%, passing 200 cycles 

from -70°C – 85°C and 1000h in DH ( 85°C/85% RH)
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Solar Stratos… at the edge of space
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Solar Stratos… at the edge of space



• To which extent can you color PV ?

The Kaleo Project ….
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Going one step further

Integrating PV and pictures
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Solar electricity: a bright future with some more work ahead !

64

Solarstratos 

Merci pour votre attention !

You may never know what 
results come of your actions, but 
if you do nothing, there will be 
no results.” Mahatma Gandhi
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Thanks to EPFL and CSEM teams  !

L.E. Perret-Aebi, P.J. Alet, J. Escarré, P. Heinstein, G. 

Cattaneo, K. Söderström, G. Bugnon, U. Furholz, P. 

Duvoisin, V. Chapuis, al.  CSEM 

M. Despeisse, A. Faes,, A. Descoeudres, C. Allebe , L. 

Barraud, B. Paviet-Salomon, J. Geissbuhler N. Badel,, 

F. Debrot, J. Champliaud, J. Levrat, J.Hoerzel, A. 

Lachowicz, P. Groninger

Nicolay, J. Bailat, Didier Dominé, L. Löfgreen, G. 

Christman, D. Sachetto, L. Sansonnens, P. Gröniger, S. 

J. Moon, J.W Schuttauf

et al. at CSEM

M. Boccard, J. Haschke, S. De Wolf, S. Essig, A. 

Tomasi, J. Seif, J. Cattin, S. Nicola, et al. At EPFLS. B. 

Niesen, J. Werner, A. Walter, M. Morales, Ph. Löper, F. 

J, Haug, N. Wyrsch, A. Hessler, Q. Jeangros G. Nogay, 

J. Stueckelberg, P. Wyss et al… A. Virtuani, E. 

Annigoni , A. Martins, N Wyrsch at EPFL 

C. Bucher, J. Fonjallaz, R. Tscharner, and technical

team at EPFL and CSEM

B. Strahm, D. Lachenal, P. Papet, D. Baetzner et al., 

MEYER BURGER RESEARCH, Neuchatel

T. Söderström, Y. Yao, J. Zhao , E. Vetter, S. Leu et al. 

MEYER BURGER, CH-DE,

Shojei, F. Jeanneret, et al. Indeotec SA, I. Sinnico et 

al. Oerlikon/TEL solar

J. Bullock, A. Cuevas, et al. Berkeley and Anu, S. Essig 

et al, NREL, M. Topic et al.  ULubjanaKaleo team. L. E. Perret-Aebi et al 
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Some support and collaborations

FP6, FP7

H2020

ROW

+ many others

+ many others

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCP6jo6Gi-scCFck9GgodgKAAIQ&url=http://snf.inx.ch/inxmail27/html_mail.jsp?mailref%3D000e3n0000eno000000000blvy26gp73%26id%3D4%26email%3Dprofil_fr@snf.ch&psig=AFQjCNGQGs4vTQ2DO2rs6filgD5rnp9jwg&ust=1442448685694660
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Solar photovoltaic islands, on over-
pressurized membrane can cope with
waves 2-7 m (under developments), 

Novaton (CH)
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Horizon 
deployable
PV systems, over streets, parking, 
water,….

Charging EV station

DHP (CH)
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Le rôle de l’Eolien et du solaire en Suisse

70

Scenario 
Gunzinger

EPFZ
SCS


