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OutlineOutline

• Integration in CrystalClear

• CrystalClear Technology Roadmap

• Cost modelling  

• Evaluation of final results

• Conclusions
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Integration in CrystalClearIntegration in CrystalClear

Vertical integration along the value chain
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Workshops: Training and CommunicationWorkshops: Training and Communication

Open Workshops organised in the framework of CrystalClear

• Fundamentals of Silicon Nitride in Industrial 
Solar Cell Processing (Leuven, BE, 2005)

• R&D of Advanced Industrial Crystalline Silicon 
PV Technology (Budapest, HU, 2007)

• Metallization for Crystalline Silicon Solar Cells 
(Utrecht, NL, 2008)

• Solar Grade Silicon Feedstock Specifications
(Amsterdam, NL, 2008)

• Crystalline Silicon PV Modules at 1 Euro/Wp 
(Munich, DE, 2009)
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Forecast of cost development: Forecast of cost development: 
TopTop --down approachdown approach

Price experience curve 
of PV solar modules

Source: W. Hoffmann 2005
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CrystalClear Technology Roadmap:CrystalClear Technology Roadmap:
TechnologyTechnology --driven approachdriven approach
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• Educated choice of technology and process options

• Complete parameter set for technology description

– Process technologies

– Process sequence

– Material consumption

– Process yields

– Encapsulated cell efficiencies

• Used for cost modelling and lifecycle assessment

Definition of CrystalClear overall technologiesDefinition of CrystalClear overall technologies
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Advanced Basepower

– Feedstock at 20 €/kg

– Wafer 180 mmmmm thick , 170 mmmmm kerf loss
– Front and rear electrodes, Al BSF 
– Encapsulated cell efficiency 15.8%
– Si utilisation 6.5 g/Wp

CrystalClear roadmap options CrystalClear roadmap options –– multi Si (I)multi Si (I)
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CrystalClear roadmap options CrystalClear roadmap options –– multi Si (II)multi Si (II)

Multistar
– Feedstock at 20 €/kg
– Wafer 120 mmmmm thick , 140 mmmmm kerf loss
– Front and rear electrodes, passivated rear side
– Low stress interconnects , frameless
– Encapsulated cell efficiency 16.7%
– Si utilisation 4.5 g/Wp

MultistaR
– Feedstock at 20 €/kg
– Wafer 120 mmmmm thick, 140 mmmmm kerf loss
– MWT, passivated rear side 
– Low stress interconnects, 

integrated conductive pattern , frameless
– Encapsulated cell efficiency 17%
– Si utilisation 4.4 g/W p
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CrystalClear roadmap options CrystalClear roadmap options –– mono Simono Si

Superslice
– Feedstock at 30 €/kg
– Wafer 120 mmmmm thick, 140 mmmmm kerf loss
– Stack rear side passivation, laser fired Al BSF
– Low stress interconnects, frameless
– Encapsulated cell efficiency 18.7%
– Si utilisation 3.9 g/Wp

SuperslicE
– Feedstock at 30 €/kg
– Wafer 120 mmmmm thick, 140 mmmmm kerf loss
– EWT
– Low stress interconnects, 

integrated conductive pattern, frameless
– Encapsulated cell efficiency 18.5%
– Si utilisation 4.0 g/W p
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CrystalClear roadmap options CrystalClear roadmap options –– ribbon Siribbon Si

Ribbonchamp
– Feedstock at 20 €/kg

– Wafer 120 mmmmm thick
– MWT, passivated rear side
– Low stress interconnects, 

integrated conductive pattern , frameless
– Encapsulated cell efficiency 16.0%
– Si utilisation 2.1 g/Wp
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Epi.C

– Feedstock at 4 €/kg

– UMG substrate 120 mmmmm thick, 140 mmmmm kerf loss
– In-situ pn epitaxy by CVD , internal rear reflector
– Low stress interconnects, frameless
– Encapsulated cell efficiency 15.8%

CC roadmap options CC roadmap options –– Wafer EquivalentWafer Equivalent

Low grade Si
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Risk profiles and development timesRisk profiles and development times

Advanced Basepower – F&R
State-of-the-art multi

2009

Epi.C – F&R
new kid on the block

2015

Ribbonchamp – MWT
advanced ribbon

2012

SuperslicE – EWT
advanced mono

2012

Superslice – F&R
next generation mono

2010

MultistaR - MWT
next generation multi

2010

Multistar – F&R
next generation multi

2010

Technology name
character

ready for industrial 
implementation

highmediumlow

Technology Risk
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CrystalClear cost CrystalClear cost modellingmodelling approachapproach

• Set-up of consistent process-step-based cost model 

• Definition of reference process with manufacturing 
cost data coming from industrial partners in CC

• Benchmark with published data

• Impact of economy-of-scale effects

• Cost modeling of CrystalClear roadmap options

• Cost modeling of technology developments 
within CrystalClear
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• Estimates for large scale production 
30-50 MWp/a => 300-500 MWp/a)

• Based on published studies on similar industries
• Educated guesses from experienced consortium

partners
• Cost reduction potentials due to:

– Replicability of equipment  
– Reduction in labor due to increased automation
– Purchase of consumables in high volumes
– On-site production of some materials and consumables
– Integrated factory benefits 

• 20% - 50% cost reduction potential depending on 
step in value chain and cost category 

Impact of economyImpact of economy --ofof --scale effectsscale effects
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Example of Cost Example of Cost modellingmodelling resultsresults

Advanced Basepower
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Equipment 0.01 0.01 0.06 0.04 0.13

Labour 0.01 0.02 0.06 0.10 0.19

Material 0.10 0.02 0.06 0.10 0.33 0.61

Yield losses 0.01 0.02 0.02 0.02 0.08

Fixed 0.02 0.01 0.06 0.05 0.15
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Total 0.10 0.07 0.13 0.30 0.54 1.15 
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• Analysis performed to quantify the impact
of relevant factors on cost:
– Feedstock cost and yield
– Material loss in crystallisation
– Slicing pitch (wafer thickness + kerf loss)
– Encapsulated cell efficiency

Sensitivity analysis for main cost driversSensitivity analysis for main cost drivers
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• Some results:

Sensitivity analysis for main cost driversSensitivity analysis for main cost drivers

- Reduction in Si feedstock cost by 55% reduces
total module cost by 6%

- Reduction in slicing pitch by 25% reduces total 
module cost by 7%

- Increase in encapsulated cell efficiency by 8% 
reduces total module cost by 8%



CrystalClear Final Event 19

Cost Cost modellingmodelling results of roadmap optionsresults of roadmap options
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Cost Cost modellingmodelling results of roadmap optionsresults of roadmap options
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Costing actual developments in CrystalClearCosting actual developments in CrystalClear

• Costing the Demonstrator modules
• Costing technologies developed to cell level
• As if running in an industrial environment:

– Consistent assumptions for the different steps in th e 
value chain

– Parameters of CrystalClear industrially-feasible 
approaches (not necessarily the best ones)

– Process yields of the roadmap scenarios
– Less optimistic estimates for large scale production
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Costing CrystalClear demonstrator modulesCosting CrystalClear demonstrator modules
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Costing CrystalClear technologies Costing CrystalClear technologies 
developed to cell leveldeveloped to cell level
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• By combination of technology developments and 
economy of scale effects it is shown that crystalli ne 
silicon PV technology can reach values even below 
1 €/Wp

• Crystalline silicon technology still offers potenti al 
for further cost reduction by:

– reduction of material consumption
– further process integration
– optimisation of economies of scale
– increase of cell efficiency

Conclusions from cost modellingConclusions from cost modelling
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants (by integration and innovation)

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability
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Project approachProject approach
CrystalClear approach to reach the project aims:

follow parallel technology development routes:

• reduce overall development risk

• make optimum use of existing knowledge and infrastructure at R&D
partners

• stay connected with the different technology practices at industry partners

• allow different development time horizons as long as at least one approach 
complies with the project timing
(this way CrystalClear also provides the necessary basis for future further 
developments in wafer-based crystalline silicon PV technology)
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants (by integration and innovation)

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability
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Evaluation of final resultsEvaluation of final results
• Integration: 
(feedstock), crystallisation, wafering, cell and module

® demonstrator modules

• Innovation: 
new cell and module designs and fabrication methods

® thin advanced F2R, thin MWT, EWT, wafer equivalents
® low-stress interconnects, integrated conductive patter ns

• Cost reduction:
manufacturing costs for actual demonstrator module results

® 0.9 – 1.1 Euro/Wp (at high volumes)
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability

�
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability

�
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Evaluation of final resultsEvaluation of final results
• Environmental impacts of modules decreased with at least 30%

• Energy payback time of modules reduced to 0.8-1.6 years 
(1.8-2.5 for actual demonstrator modules) (Central Europe)

• Module + cell recycling process developed, which save s 
resources
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability

�
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability

�
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Evaluation of final resultsEvaluation of final results
• New cell & module designs and manufacturing concept s 

maximise flexibility for wafer-based PV technology

• Reliability and lifetime testing and demonstration i n progress
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability
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Project aimsProject aims
CrystalClear main aims:

• direct module manufacturing costs 1 € / Wp in next-
generation plants

• module energy pay-back time <2 years for Central Europ e
• 20% per unit area for 3 most significant impact scores

• flexibility / tailoring to customers’ needs
• improving lifetime and reliability

�
�

�
�

?



CrystalClear Final Event 41

DidDid we we reachreach ourour goals?goals?
• Yes, main goals have been reached

• Many subgoals have also been reached (or even surpasse d)

• Many results have strengthened the knowledge base and  serve 
as starting point for further research


