
Advanced technology development in 

solar.eranet projects

Examples from PV4facades (c-Si back contact technology for 

BIPV), Hiper (perovskite/c-Si tandem PV technology), and BI-

FACE (bifacial rooftop systems).

Bart Geerligs ïECN part of TNO
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ECN part of TNO

• ECN: Energy research Centre of the Netherlands 1976 –2018

• TNO: Dutch organization for applied scientific research, founded by law in 1932 to enable 

business and government to apply knowledge.

• As of April 1, 2018, ECN became ‘ECN part of TNO’ (700 employees)
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ECN part of TNO - Solar Energy

Example activities

• Cells: polysilicon contact, metal oxide contact, bifacial, n-type, tandems, back contact

• Modules&applications: reliability, shade tolerance, vehicle integrated PV, BIPV, PV on water, PV 

on infrastructure, agri-PV, etc.
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PV4facades (2014-2017)

• Back contact cells (ECN, Imec, Tempress Systems) 

(2 different technologies)

• Back contact modules (Soltech, Eurotron, Şişecam, ECN)

(2 different technologies)

• Module test&characterisation 

(Eliosys, Soltech, Imec, ECN, METU) 

• Smart modules and BIPV elements 

(Soltech, Wienerberger, Eternit, Sunlego)
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PV4facades some highlights

• Pioneering industrial LPCVD polysilicon processes. First fire-through-metallized cell with polySi 

contact (PERPoly or ‘industrial TOPCon’ cell)

20%, after optimization 21.5%

• First hybrid polySi/homojunction IBC cell

• Metal-wrap-through back-contact nPERT devices

• Innovations in tabbed and conductive backsheet

interconnected back contact modules

• 2mm hardened ARC-coated high-T glass

• Succesfull outdoor testing of IBC

cell&module technology on conductive backsheet

• BIPV commercial prototypes based on 

back contact tabbing (e.g. for slate roof)

• Development of partial shading test methods
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PV4facades key messages

• Make sure that regional sub-projects are possible if one of the sub-projects is not granted

(in our case, a German sub-project was not granted)

• Prepare for a situation where start of one sub-project is more delayed than others 

(we requested extension of end-date)

Example added values of the international cooperation:

• Combination of parts of the value chain

(e.g. Şişecam glass production combined with Soltech/Wienerberger BIPV element production)

• Combination of expertise (e.g. selection of module materials and processes were as much as 

possible joined for the two back-contact technologies; Eliosys mechanical validation of the 

Şişecam experimental glass)

• Bench marking (e.g. loss analysis was bench marked between the two back contact technologies; 

the reliability testing was distributed over several partners; hot spot testing)
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HIPER (2016-2019)

Perovskite/c-Si 4-terminal tandem cell and module technology

• Fundamental perovskite device and process know-how development:

– University of Valencia, iTechSolar and Middle Eastern University of Technology (METU - Ankara), Eindhoven 

University of Technology

• Perovskite process development at high TRL

– TNO, partner in Solliance

• Silicon bottom cell technology with polysilicon passivated contacts

– Tempress Systems, TNO
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HIPER some highlights

• 4T tandem solar cell based on pin (‘inverted’) perovskite 

top cell with η=17 % and a 10% filtered c-Si cell: η=27.0%

• Average NIR transparency of perovskite cell of 95%

• Perovskite cell stability (device retains > 90% of initial performance):

– Shelf life >15000 hrs

– Light soaking >1000

– Thermal stress @ 85°C 

• Bifacial 4T tandem performance: Pmax,BiFi200/Pirr,front = 30.2%

• Semi-transparent mini-module on 6 inch with η=13%
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HIPER key messages

• Prepare for delay in start of one sub-project: delay all for a synchronized start, and/or extension of 

sub-projects

• National budgets can be limited, making strong progress difficult

Added values: 

• Easier to include companies covering the value chain

• National fundings combine into a significant overall project

• In-depth process and layer know-how (charge transport layers, conductive electrodes, perovskite 

absorber layers) from universities supports high-TRL development at TNO/Solliance

• In general complementary expertises
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BI-FACE (2018-2020)

• BIPV with bifacial modules

• Austrian Institute of Technology (AIT), 

CTR (Austria), TNO, Tempress, PVP

(Netherlands)

Example of added value: 

• TNO could bring in CFD modeling from 

its Wind Energy department,

in combination with bifacial energy yield modeling

at the Solar Energy department
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Conclusion

Some challenges are better addressed trans-nationally:

• Next generation PV products and processes

• Stability/reliability of PV

• Integrated products

• Facilitating transfer to industry (e.g. scalability, reliability)

Smart Solar Power in Europe
Information Exchange and Brokerage Event 16 May 2019 Munich


