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Photovoltaic solar energy conversion (PV)
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Photovoltaic conversion:
basic process and losses
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Solar spectrum and spectral losses
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fundamental losses
· spectral mismatch
· recombination 

Photovoltaic conversion: efficiency limits
technology-, device-, and material-
related losses

· reflection & transmission
· resistance
· excess recombination



Cell & module technologies (“flat plate”)

Commercial: crystalline silicon
- Monocrystalline Si
- Multicrystalline Si
Module efficiency 13-19%

Commercial: thin film

ECN
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Commercial: thin film
- Silicon (tandems)
- Copper-indium-diselenide (CIGS)
- Cadmium telluride (CdTe)
Module efficiency:6-12%

Pilot and lab: emerging technologies
- low cost & niche markets (printed PV)
- very high efficiency (full spectrum utilization)

ECN/Holst Centre Nanosolar

Helianthos



Concentrator technologies

• Ideal application for expensive (per m2) very high efficiency cells

Kindly provided by
Andreas Bett
FhG-ISE
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• Ideal application for expensive (per m2) very high efficiency cells
• Needs direct (i.e. not diffuse) light:

- Sun tracking required
- Especially  for “sunbelt”

• World record efficiency: 42% for a triple-junction cell (Spectrolab, USA)



Development of  technology families and module effi cencies 
(IEA PV Roadmap, 2010)
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Technology market share (2009)

82%

18%
Total

Thin films
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Thin films

Thin films Wafer Si

CdTe      ClGS       a-Si       micromorph-SiSource: Joachim Luther, SERIS
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Typical commercial silicon solar cell (18%)

• B-doped substrate (base)
• P-doped front (emitter)
• Al-doped rear (back surface field)

• SiN anti-reflection coating / passivation layer
• Ag contacts



The silicon PV value chain
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From quartz to high purity silicon: the Siemens proc ess
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From quartz to high purity silicon: the direct route
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Silicon crystallization

Multicrystalline silicon:
Directional Solidification
Application: solar wafers

Monocrystalline silicon: Cz or FZ
Application: semi and solar wafers



Wire sawing of wafers



Opportunities

High temperature processing
· Carbon/quartz/ceramic based materials of high purity
· Direct casting of wafers
· Furnace design and building
· Material characterisation· Material characterisation

Chemical industry
· Distillation and deposition of SiHCl3
· Recycling of material (a.o. sawing losses)
· Plant design and operations
· Logistics
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Standard cell processing

p-type Wafer

Texture

Diffusion

22

Coating

Metallisation



March 2010

23 1-4-2011



One year earlier

24 1-4-2011



Yingli achieved 19.9% in production

Tempress tube  furnace diffusion

25 1-4-2011



Opportunities

NL has a good position in cell manufacturing techno logy:
· Tempress and Roth & Rau/OTB are world-wide market leaders in 

equipment supply
· Many companies are suppliers of Tempress & OTB
· NL is major technology supplier world-wide

Emerging possibilities
· New technologies such as ALD (Levitech & SolayTech)
· Supporting technologies, a.o. automation & logistics
· In-line process control & fab control
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Standard module technology

Cell current is 8 A and voltage is 0.5 V
Connected in series by soldering with tabs

28



Anatomy of a standard module

Module consists of:
��Glass superstrate
��Encapsulant (EVA)
�� Interconnected solar cells
��Encapsulant (EVA)
��Rear-side foil

29

��Rear-side foil

Finishing:
��Framing
��Junction box
��Cabling and wiring



Back-contact (MWT) module technology 
(developed by Eurotron, Solland and ECN)

Glass sheet

MWT solar 
cellEncapsulant
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Interconnection 
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Module manufacturing pilot-line

Highly automated module 
manufacturing for rear-contacted cells

1 module per minute 

31

1 module per minute 
(~3 times faster than H-pattern)



Opportunities

Several module manufacturing companies already acti ve:
· Scheuten Solar
· Solar Modules Netherlands
· Ubbink Solar

Suppliers
· Rimas (smaller lines for production of modules)
· Eurotron (lines for modules with back contact cells)
· Scheuten (glass)
· DSM (coatings)

Possibilities
· In-line process control
· Advanced encapsulant materials



Cost structure of wafer Si PV (2009)

33 1-4-2011

From Peter Fath, Centrotherm, 2009
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What is a Thin-Film PV Module?

Semiconducting material with high absorption coeff. � � 105 1/cm
>>>>> Thickness of �  1µm is enough to absorb sun light!

Structure of thin-film solar cell: pn junction + co ntacts

35 1-4-2011

glass/metal/plastic



Thin Film PV Production (superstrate)

Similar process steps in manufacturing

• Thin-film Si
• CIGS
• CdTe
• (Organic PV)
• ….



Thin film deposition technologies

Vacuum deposition (PVD, CVD)
or 

Non-vacuum (e.g. printing)

37 1-4-2011



Thin film deposition technologies

Sputtering
Co-evaporation
Plating
Other

Sputtering
Other

38 1-4-2011

Electroplating(Meco)Co-evaporationSelenisation (Smit ovens)



The power of Organic Photovoltaics

Potential of R2R polymer PV
· 100 nanometer thick organic film
· Slot-die processing feasible at 1 m/s and 1 m width
· 5% total area efficiency 
· Daily output 86400 m2

·

E n e r g y  r e s e a r c h  C e n t r e  o f  t h  e  N e t h e r l a n d s
H o l s t  C e n t r e

www.ecn.nl www.holstcentre.com

· Daily production 4 MWp

1500 MWp per year



Opportunities
�µ Manufacturing companies already active:

�� Helianthos (on the verge)
�� Scheuten Sunrise (CIGS, under development)

�µ Suppliers (equipment/materials)
�� VDL-ETG (vacuum chambers & equipment)
�� Fujifilm (encapsulant/barrier films)�� Fujifilm (encapsulant/barrier films)
�� Smit Ovens (Selenisation units for CIGS)
�� MECO (Electrodeposition)

�µ Possibilities
�� Series interconnection: laser scribing & printing
�� Roll-to-roll PECVD deposition
�� Printable PV (Organic, CIGS, TF-Si)
�� Inline monitoring
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Energy pay-back time of turn-key PV systems

Mariska de Wild-Scholten, Environmental Sustainability of Thin Film PV
2nd EPIA International Thin Film Conference, 12 November 2009, Munich 



Opportunities

• Reduction of materials (e.g. thinner wafers, direct casting)

• Replacement of scarce and/or toxic materials (Ag, Pb,In, Cd)

• Reduction of emissions/ waste streams in production 

• Recycling 
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Conclusions

1. PV manufacturing has many similarities with semiconductor 
manufacturing

· Materials, processes, equipment

2. Major differences are: 2. Major differences are: 
· High throughput of up to several 100 m2 per hour
· Only a few basic process steps

3. Dutch industry well positioned
· Already important equipment manufacturers within NL
· Excellent technology position and R&D infrastructure in NL



The NL Solar PV Cluster 

Maarten Kwik, OTB

NL Solar sector 2006 2010   2020
120 M€ 800 M€ 5000 M€



What can we expect?

• Cost reduction: factor 5

• Efficiency increase: factor 2

• Production scale-up: factor 100

47

• Production scale-up: factor 100

Solar electricity will become a success for sure; 

The only questions are: 
which technologies/applications, how soon, and where ?



Benefit from the excellent technology 
position of NL.

Partner with R&D institutes and universities

… and use the Roadmap to guide you


