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4 AUTOMATED PHOTOVOLTAIC CELL AND MODULE INDUSTRIAL PRODUCTION
TO REGAIN AND SECURE EUROPEAN RENEWABLE ENERGY MARKET
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THE AMPERE PROJECT: AUTOMATED PHOTOVOLTAIC BIFACIAL CELLS & MODULES -
INDUSTRIAL PRODUCTION TO REGAIN AND SECURE EUROPEAN RENEWABLE ENERGY

Lerat J.-F. (1); Colletti C. (2); Gerardi C.(2); Scalari S.(2); Muinoz D.(1); Ribeyron P.-J. (1); 1zzi M.(3) / 1) CEA-INES, National Institute of Solar Energy, Savoie Technolac, 73375 Le Bourget du Lac, France 2) EGP,
Contrada Blocco Torrazze Zona Industriale 95121, Catania, Italy 3) ENEA Research Center, Via Anguillarese 301, 00123 Roma, Italy
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A large European partnership (H2020) started in May.2017 for 3 years
Demonstration of an innovative and sustainable manufacturing of bifacial
heterojunction modules with low production costs

Setup of a 100 MWply full-scale automated pilot line in Catania, Italy
Rapid scale up to 250 MWp/y and roadmap towards the GWp factory

AMPERE = Automated photovoltaic cells & Modules industrial Production to
regain and secure European Renewable Energy market
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Beyond AMPERE

Bifacial HIT cell PV module LCOE  reduction J‘ —
Proven high-efficiency n-type silicon N —
heterojunction (HJT) bifacial solar Wi sl of at least -15% 100 Map fulscale automated cl —_Il__)) enel

and modaule pilot line

cells (156.75 cm x 156.75 cm) compared 0 | huorson il Connricet: ”  ww B - T
Reliable large (72 cells) glass/glass ., — conventional PV Y Cocor - sson I f..u;iff,’z.::e'::.;ne
nhotovoltaic (PV) modules with a L mc-Si technology _J, g s an scoms 7l £
. pifacial architecture . & S Module technology platform Sl GicaracToRy
Silicon ingots and wafers Automation
Seed-to-tail full ingot silicon material analysis and integration in HJT pilot Evaluation of the re-use of the existing process tools at EGP site (Catania)
line for performance evaluation of all wafers at cell level for HIT application
T/ Res > 1 ms/Q.cm demonstrated on whole ingots Industrial cell-line designed with high performance handling systems &
130 um-thick as-cut wafers with no loss in performance vs 160 um ones current implementation in EGP factory
Solar cells Reliability and production yield
Detailed analysis of current HJT performance losses Modules round-robin among 5 partners and reliability tests
Material improvements, advanced characterizations and simulations PV demonstrators specifications for Catania (IT) & Cadarache (FR) sites
Delivery of 1t generation of selected key technologies for 22.5% efficiency On-going outdoor installation of AMPERE modules “initial generation™ for
HJT cells, and starting development of 2"d generation to reach 23.5% performance monitoring evaluation
Industrial batch records 21.8% efficiency in average | |
Cost & benefit analysis
Cost benefit analysis and new business model including Life Cycle
0.731 37.3 79.9 21.8 Assessment (LCA)
Innovative developments for next generation production lines: soft PECVD Forecast of an average sales price of 0.3 $/Wp in 2022 with an additional
& PVD process, copper plating, reduced consumption, half/quarter cells... premium bonus about 30% for HJT
L am e con il e 4 — i
PV modules o - ’ AL T -
Definition of cell-to-module (CTM) performance criterion for the el g - =g
comparison of HJT cell with busbars (BB) or without (Smart Wire: SWCT) \ 00 :? @ L s
Evaluation of SWCT Indium-free wire modules performances and reliability 200 :? @
2x2-cells modules production: reliability testing & fallure modes analysis 100 |
Bill of Material (BOM) identified for “initial generation” HJT modules O asFmultl BSmono PERC | PERC T bif |
llluminated side AMPERE LCOE (ggg'nt/K\r/nvor?)o pre\iig’s%ion AMPERE cells and modules technology expected
M 53 2 917 75 8 370.0 compared with mainstream LCOE positioning (Ecent/KWh) vs premium PV market
53.1 7.89 76.3 319.3 Dissemination

Training about “New HJT solar cell pilot line” to the world of education
(students) and industry (workers), in July.2018, ~35 people
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wodule mechanical behavior simulations & tests (clamps dimensions, ...)

Continuous technologies evaluation & selection for industrial transfer
Thin cells (110 um) breakage rate evaluation and cost impact

HJT cell efficiency over 23%,, .54, ON production batches

New selection of material for the BOM of “final generation”™ HJT modules

Moving up the TRL of standard HJT technology into the European industry
IN good progress

R&D activities focus in solving production issues, yield, equipment and
Improvement through a unique consortium of top-ranked partners

New generation of innovative n-type silicon solar cells and modules in I\B/Ienghrr_\ark Cf’fp"l’/orldw'de PV Tdustrlal m&agufac;urln?( ma(tje_rlals
development with improved efficiency and reliability onitoring o systems performance & benchmark studies

- ) U LCA, environmental & societal assessment reports y

This project has received funding from the European Union’s Contact

Horizon2020 Programme for research, technological development : _
and demonstration under Grant Agreement N° 745601. Info @am pere h2020.eu

5th BifiPV workshop, September 10-11, 2018, Denver, Colorado, USA




