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Sustainable and Smart becomes real - World’s first
organic photovoltaic cell on recycled material made
by EU-consortium FlexFunction2Sustain

The partners of the EU project FlexFunction2Sustain have committed themsel-
ves to create a network for innovative solutions for sustainable and smart
products powered by nano-functionalized paper and plastic in order to support
SMEs, start-ups and industries in the development and market launch of
pioneering products. After the first two years, a number of promising results
and prototypes have emerged and will be presented at the Conference for
Industrial Technologies IndTech 2022 in Grenoble, France, June 27-29, 2022.
Among them, a recently finalized highlight: the first working organic photovol-
taic cell on recycled plastics.

Recently, participants from all over the world met at the Stockholm+50 Environment 7N

Summit and emphasized the urgency in moving forward quickly with environmental (r-lix FUNCTION

and climate protection measures. The littering of our planet and its oceans is progres- Vo W & | A 1IN

sing inexorably. A main driver for plastic waste are packaging materials which are

needed to extend the shelf life of food or to protect delicate products and pharma- The project has received funding
ceuticals from damaging environmental influences. In addition, smart packaging opens  from the European Union’s

up many new and useful possibilities thanks to flexible electronics. In the future, Horizon 2020 research and

short-life packaging materials for medicines, for example, will be equipped with flexible  innovation programme
electronics to monitor medication intake or track sensitive products during their delivery  Funding reference: 862156
route. Recycling of plastics and using recycled material for packaging is an important
cornerstone on the road to greater environmental protection and reducing plastic
waste. To replace such composite and multilayer materials that are not recyclable or
degradable, novel polymer compositions (bio-based and/or biodegradable) and adapted
product designs are being discussed as a solution approach. In smart packaging, the
electronics must also be considered in a more environmentally friendly way and, for
example, designed to be recyclable and produced by using recyclates. A number of
startups and innovative companies have created concepts for sustainable flexible and
smart packaging products.

Funded by the
European Union

Gathering 19 partners from research, universities and industry throughout Europe,
FlexFunction2Sustain aims at supporting small and medium-sized companies in brin-
ging innovative concepts and ideas for products based on nanofunctionalized plastic
and paper surfaces and membranes to market. The FlexFunction2Sustain Network — an
Open Innovation Testbed (OITB) for nanofunctionalization technologies — offers com-
prehensive services to support innovation, e.g. from material and product design,
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Two years of FlexFunction2Sustain - what has emerged?

During its first two years, the consortium established an association which purpose is to
structure and exploit the OITB member’s service portfolio. Hence, through this associa-
tion the partnership plans to deliver an easy, fast-track access to the OITB facilities and
services to SMEs, start-Ups and industry. To ease the commercialization process, the
customer gains access to the OITB through a Single Entry Point (SEP) sales and project
management entity. An SEP consults the customer in the selection of appropriate
technologies and coordinates all development work and interaction with the OITB
members for the customer. FlexFunction2Sustain will establish regional contact points
to provide the best possible user experience and to bring the OITB to the whole
European single market.

First prototypes of novel, eco-friendly plastic and paper products were prepared and
evaluated within different industrial use case scenarios. These included recyclable/
compostable food and cosmetic packaging, membranes for water filters and diagno-
stics, smart plastic surfaces for automotive application, and biodegradable security and
anti-counterfeiting labels.

Project coordinator Dr. John Fahlteich sums up: "We are proud to present the first
working organic photovoltaic cell (OPV) on a recycled polypropylene substrate along
with a whole range of technology demonstrators at IndTech 2022 end of June in
Grenoble, France." Besides the OPV cell, several innovative product concepts will be
shown including:

m fully recyclable drink pouches,

® optical features on biodegradable film,

B innovative fresh food packaging made of semi-transparent paper

B membrane based syringe filters for diagnostics and water filter applications.

Dr. Fahlteich continues: "At IndTech, FlexFunction2Sustain is embedded in a dedicated
section of the exhibition presenting the innovations and services of 13 different Open
Innovation Testbeds addressing a variety of technologies and applications ranging from
biomaterials to nano-enabled surfaces towards eco-friendly and energy efficient
solutions for building envelopes. A broad portfolio of technology solutions awaits SME
and industry on site. We are looking forward to exchanging ideas and initiating projects
with future partners from SME, Start-Ups and industry."

World's first organic photovoltaic cell on recycled polypropylene

The project partners Fraunhofer IVV and IPC Centre Technique Industriel de la Plasturgie
et des Composites used recycled polypropylene (rPP) - recovered from a newly designed
packaging material for recyclable drink pouches — mixed with virgin polyproypylene
(vPP) to produce a substrate film for printed electronics at a recyclate content of 50%.
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At Fraunhofer FEP, a transparent electrode — made of indium tin oxide (ITO) — was
applied by means of roll-to-roll (R2R) vacuum coating with magnetron sputtering with a
specially adapted set of process and winding parameters. The result is impressive, since
despite the recyclates used in the substrate, the ITO exhibited almost the same sheet
resistance as achieved on pristine film substrates.

Organic Electronics Technologies P.C. (OET) in Greece then performed R2R slot-die
coating to produce OPV cells, followed by an encapsulation step over the printing of
the organic materials and the finalization of the OPV cells. Here, OET's researchers
performed several trials on the coating parameters and finally succeeded in printing the
functional OPV layers on the PP substrate made with 50% rPP recovered from drink
pouch packaging material. As a result, the OPV was demonstrated to function as a
device with a max efficiency of 1%.

OET's project manager Vasileios Kyriazopoulos: “The power conversion efficiency of
approx. 1% is already sufficient to supply a wide range of single-use smart packaging
productions with sufficient electrical power. Currently, OPV cells on commercially
available substrates can achieve efficiencies above 8%, therefore, by improving the
entire fabrication process, including film extrusion, layer design, printing and encapsu-
lation, it is achievable to increase the efficiency of OPV cells printed on recyclable
material, which is made with 50% rPP, by more than 5%."

This represents a first major step in the development of more environmentally friendly
product designs and flexible electronics. In the future, products such as smart packa-
ging, but also interactive magazines in the field of advertising or consumer electronics
can be designed based on these initial developments. Thanks to flexible electronics
such as an OPV cell on recycled material, tomorrow's products will be powered a little
more environmentally friendly.

Of course, the initial results only point the way ahead. In the future, the
FlexFunction2Sustain consortium will work on improving the extrusion process for the
recycled film. In addition, the development of a new layer design for improved surface
quality is on the agenda. The OPV process also holds potential for improving drying
temperatures and encapsulation strategies. All together leading to the perspective of
reaching similar performances of flexible electronics as done on pristine — fossil based —
plastic films.

The FlexFunction2Sustain consortium is open for further in-depth discussions during
IndTech in Grenoble, France, and of course for future collaborations.
FlexFunction2Sustain at Conference on Industrial Technologies IndTech 2022:
Booth: OITB Village, Grenoble, France

Date: 27 — 29 June 2022
More info: https://indtech2022.eu
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World's first organic photovoltaic cell on a film made of recycled
polypropylene from drink pouch packaging material

© OET Organic Electronics Technologies P.C.

Picture in printable resolution: www.fep.fraunhofer.de/press

About the project:
The project FlexFunction2Sustain has started on 1t April 2020 and will run 48 months.

The project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 862156.

FlexFunction2Sustain consortium consists of 19 European partners, including research
organizations, universities and private companies:

Fraunhofer-Gesellschaft (Fraunhofer Institutes FEP, IAP and IVV), JOANNEUM RESEARCH
Forschungsgesellschaft mbH, Aristotle University Thessaloniki, Coatema Coating
Machinery GmbH, AMCOR Group GmbH, Gesellschaft fir Mittelstandsférderung mbH,
Organic Electronics Technologies P.C., Sonnenberg Harrison Partners Sarl., BL Nanobio-
med P.C., IPC Centre Technique Industriel de la Plasturgie et des Composites, INL -
International Iberian Nanotechnology Laboratory, Hellenic Organic and Printed Electro-
nics Association HOPE-A, i3 Membrane GmbH, HUECK FOLIEN GmbH, Centro Ricerche
Fiat S.c.p.A., Procter & Gamble Service GmbH, MC Shared Services, S.A., Capri Sun
GmbH, AMIRES s.r.0.

The project coordinator is the Fraunhofer Institute for Organic Electronics, Electron
Beam and Plasma Technology FEP, Dresden, Germany.

More information about the project can be found at www.flexfunction2sustain.eu

The Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP works on innovative solutions in the fields of
vacuum coating, surface treatment as well as organic semiconductors. The core competencies electron beam technologies, roll-to-roll technology,
plasma-activated large-area and precision coating as well as technologies for organic electronics and IC design provide a basis for these activities.
Thus, Fraunhofer FEP offers a wide range of possibilities for research, development and pilot production, especially for the processing, sterilization,
structuring and refining of surfaces as well as OLED microdisplays, sensors, optical filters and flexible OLED lighting. Our aim is to seize the
innovation potential of the electron beam, plasma technology and organic electronics for new production processes and devices and to make it
available for our customers.



