D5.4

Workshops and short
courses on solar circular

business innovation for
business and academia




D5.4

Work Package Title

Linked Task/s Title

Status

Dissemination level

Work Package No. WP5 Task/s No. 5.4

Dissemination, Exploitation and Communication

‘ Final (Draft/Draft Final/Final)

PU-Public (PU-Public, PP, RE-Restricted, CO-Confidential)
(https://www.iprhelpdesk.eu/kb/522-which-

are-different-levels-confidentiality)

Due date Deliverable 2022-11-30 <2022-11-28>
Deliverable version Workshops and short courses on solar circular business innovation for
business and academia

Document Contributors

Deliverable responsible
Contributors

Anse Smeets

Wim Van Opstal

Tom Rommens

Assia Boukhatmi

Roger Nyffenegger

VITO
Organization Reviewers Organization
VITO Lars Strupeit IIIEE, Lund University
VITO Stefan Grosser BUAS
VITO
BUAS
BUAS

Copyright info - Contract No. 776680



Table of Contents

PURPOSE OF THE REPORT ..ottt ettt bbb ba s e be s eab e e be s eab e e bb e sabeeeaneebee s 5

INTENDED AUDIENCE ..ottt e et e ae e st e e ba e e be s sab e e be s et e e e abeebeseabeebee s 5

REPORT OUTLINE ...ttt e b e s b e s ab e b e e e b e s s bt e e b e sha e e be e st e s snaeeate e 5
POWERPOINT PRESENTATION .....oiiiiiiiiiitiiiii et b e b et sb e s b e b ens 10
AUDIO VOICEOVER SCRIPT ..ttt sh e s b s bbb e sha e s be s s b e e s be e s ae e sabeenes 11
POWERPOINT PRESENTATION ...ttt sb e e b sat s b s ba e s b st e sba e ae s 14
AUDIO VOICEOVER SCRIPT ..ottt ittt et b s s sa e bbb e aa e b st ebs e e bt ens 15
POWERPOINT PRESENTATION ..ottt et sb e et st s be s s aa e e ebe e sabe e aaeeae s 18
AUDIO VOICEOVER SCRIPT ..ttt s a s s b e s b e e s ab e b e saa e e be e s b e e s ba e e aeesnaeeans 19
GENERAL INFORMATION

DISCUSSION QUESTIONS
MIRO-BOARD EXERCISES

SOLAR PV: ADVANTAGES, DISADVANTAGES, BARRIERS, ENABLERS, AND CASES.......cccoviiiiiiiiiciiiccieciic i 22
PRODUCT-SERVICE SYSTEIMS ...ttt s b s s b st b e s aa e s ena e s b snn s 22
PSS WITH 2ND LIFE PV .ot ettt b s s a e e eb e s ab e s be s e b e s eatesbeeeaes 23
END OF CONTRACT SOLUTIONS. ....ciiiiiii ittt st b s st sb e s aa e s ena et enn s 23
DATA-TECHNOLOGIES......cctiiitiiitiiie ittt b e ettt e s s aa e e be s et e s ba s e beeeaaesbeeeans 24
DEMONSTRATORS DISCUSSED ....uiiiiiiiiii ittt st s a e st esas s b saa e b e st e sba e ae s 24
SCREENSHOT PARTICIPANTS ...ttt ettt s b e saa e b e st ssbe s e b e s eateebeeeaes 24
LT Y @ 2 I R 25
DISCUSSION QUESTIONS .25
MIRO-BOARD EXERCISES ......uiiiiiiitiiiiii ettt e ae e s b e e b e s sat e s b e s s aa e s eae e eabe s ebaeeae s 26
SOLAR PV: ADVANTAGES, DISADVANTAGES, BARRIERS, ENABLERS, AND CASES.......cccoviiiiiiiiiiiiiin e 26
PRODUCT-SERVICE SYSTEIMS ...ttt st st e b e s aa e bbb e e aa e e aa e st eae s 26
PSS WITH 2ND LIFE PV .ottt s s b e b b s e b e e s aa e e b e e b e s st s beesnn s 27
END OF CONTRACT SOLUTIONS. ...ttt sttt b e b s s sb e s a e e eaa e saae e eae s 27
DATA-TECHNOLOGIES......cctiiiiiiiiiiiii ittt bbb b e e ab e b s b s e e b e e s b e e b s e e b e e saaesbeesnn s 28
DEMONSTRATORS DISCUSSED ...ttt e a s bbb sat e s b saa e e ae e st e beeeae s 28
SCREENSHOT PARTICIPANTS ...ttt et b et s e b b e ra e b e ae e b s eae e be et e ebe e e e aaeen 28
GENERAL INFORMATION ....coitiitii ittt ettt a e bbb b e ae e b e era e b st e ebeene e beenteebeereeane s 29
DISCUSSION QUESTIONS ...ttt bbb s s b e s ab e b e s b e s e bt e e b e s she e s eae e st e s sbeeeaee s 29

MIRO-BOARD EXERCISES .....cviiiiiiiiiitieiciiecct s ...30

SOLAR PV: ADVANTAGES, DISADVANTAGES, BARRIERS, ENABLERS, AND CASES.... .30
PRODUCT-SERVICE SYSTEIMS ...ttt ha e b e e s b e ba e s aa e e saaesbeesnn s 30
PSS WITH 2ND LIFE PV ..o st a e b e s b s s b e e e s aa e st saes 31
END OF CONTRACT SOLUTIONS. ...ttt st ba s b s s sba e s n e e sna e san e snn s 31
DATA-TECHNOLOGIES......coutiiitiiiiic et st b e s bbb s a e e s b e e s aa e e b e e s e e e saessbeeenes 32

3

Copyright info -



DEMONSTRATORS DISCUSSED ....coiuiiitiiiiiiiiiiiii ettt et sa e bbb e b et be e sbe b eas 32

SCREENSHOT PARTICIPANTS ..eutiiiieeeeieititiee e e e e ettt e e e e e tateeeeeeeeaaaaaeeeeeaaaasasaseeeeeaasasaasaeeeeaasssaseeeeeaansssasaseeeanssssseeeeseannssnens 32
GENERAL INFORMATION ..ttt ee e e ee ittt ee e e e e eeeitteeeeeeseeataaeeeeaesasasaseaeeeaansssasaeaesaasssassaeeeeaasssaseeaesaanssssasaeeesaannsseaeesannnsnrens 33
DISCUSSION QUESTIONS ...ttt ettt ettt e e et s bt e e e at e e e e s bt e e e abe et s eab b e e e st b e e e abb e e e eabteeesbt e e sabbeeeeabbeeeannneenas 33
MIRO-BOARD EXERCISES ....eeeiieieeiiiiiee e e e ettt e e e e ettt e e e e e e e atta e e e e e s e saaaaaeeeeeeaasnsaseeeeaansnsssaaeeaesasssasaaeeseaansssaseeaseeasnnsnnaaeeannnes 34
DEMONSTRATORS DISCUSSED ... ...36
SCREENSHOT PARTICIPANTS ..eetititeeeeieiittee e e e e eiiitte e e e e e taaeeeeeeeeaaaaeeaeeeasaasssaseeaeseasasaasaeeeeaasssaseeeesaansssasasessanssssseeeeseannssnnns 36
GENERAL INFORMATION ..ttt e e e eeiitt e e e e e ettt e e e e eeeettaaeeeeaesasaaaeeaeeeaassssaaseeaesaasssassaeeeaaasssaseeaeeaanasssasaeeesannnsssaeesaannsnnens 37
DISCUSSION QUESTIONS ...ttt ettt ettt e ettt st eeat e e e e s bt e e e be et s eab b e e e st b e e s abb e e e eabb e e esbeeeeasbeeeeabbeeeantneenas 37
MIRO-BOARD EXERCISES ....eeeeieeeiiiiieee e e ettt e e e eeettt e e e e e e e e atta e e e e e e e saaaaaeeeeeeassnsaseaeeaaasnsssaaeeaesassssseeaeeeaansssasseaeseasnnsseaeeeananes 38
DEMONSTRATORS DISCUSSED .....uitiiiiteiiiiiiieeee e ettt e e s e s ettee e e e e s sataaaeeeesesssabeseaaesasssssaaeeeesssssaseaeseessasssaeeeessnnssssseeeesennnns 39
SCREENSHOT PARTICIPANTS ...eetitiiie e e eeititiee e e eeecitite e e e e e e taaeeeeeeseataaeeeeeeasaasasasaeaeeaaasassaeeeeaasssaseeeesaassssasasaesansnssseaeesennnsnnnns 40

4

Copyright info -



Preface

Purpose of the report

This deliverable is part of the dissemination of the circular business innovation methodologies developed in
CIRCUSOL (https://circusol.eu). It includes information on educational materials developed for a short course,
which can be given both directly in universities and through online courses such as MOOC (Massive Open Online

Course), and the reporting of interactive workshops to demonstrate how to apply the methodologies.

Intended audience

The intended audience of the report are members of the CIRCUSOL consortium, lecturers, scholars, business
consultants, entrepreneurs and intrapreneurs. The envisioned purpose of the report towards this audience is to
document and share the CIRCUSOL experience in carrying out outreach activities (educational material, short
courses, workshops), as well as to show how lectures, workshops/focus groups could be utilized for data

collection and ideation of circular business models.

Report outline

The report is structured in the following way. Chapter 1 provides background information and a description of
educational content on circularity and associated business models in the solar power industry, which can be
disseminated through a Massive Open Online Course (MOOC). Chapter 2 provides background information on
the interactive workshops that have been held with various stakeholders from organizational market segments

in Belgium and Switzerland. Details about both chapters are reported in the Appendix.
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1. Circular Economy MOOC - background and description

In order to inform, inspire, and engage the wider population on the potential of the circular economy in general,
and of circular business models in particular, a wide array of educational tools exist. Examples include Serious
Games (Manshoven & Gillabel, 2021; Roba et al., 2021), Hackatons (Puttonen et al., 2022), and Massive Open
Online Courses (MOOCs) (Peck et al., 2020; Pérez & Spalletti, 2021).

As part of the communication and outreach activities of CIRCUSOL (https://circusol.eu), and to further
disseminate findings and lessons learned throughout the project, it was decided to develop educational materials
and deliver these through a Massive Open Online Course (MOOC). Rather than building a stand-alone course
from scratch, it was decided to build on the infrastructure, resources and established brand of an existing MOOC

“Circular Economy - Sustainable Materials Management” (https://www.coursera.org/learn/circular-economy).

This course has been offered since 2018, and it is organized by a consortium of 7 partners (Lund University, EIT
RawMaterials, VITO, Geological Survey of Denmark and Greenland, National Technical University of Athens,
Ghent University, and Delft University of Technology). To date, more than 50.000 participants have enrolled in
this MOOC. The audience is diverse and from around the globe, with a high share of early- and mid-career

professionals.

The online course focuses on the lifecycle of key raw materials and introduces participants how these materials
can be used more efficiently, longer, and in closed loops, as enabled through a range of circularity strategies. In
addition to providing many cases of managing materials for sustainability, the course also teaches skills and tools
for analysing circular business models and promotes development of participants’ own ideas to become more

involved in the transition to a Circular Economy.

The course is structure into of five modules:

Module 1: Materials.

This module explores where materials come from and builds a rationale for why society needs more
circularity.

e  Module 2: Circular Business Models.
In this module circular business models are explored in-depth and a range of ways for business to
create economic and social value are discussed.

e  Module 3: Circular Design, Innovation and Assessment.
This module presents topics like functional materials and eco-design as well as methods to assess
environmental impacts.

e Module 4: Policies and Networks.
This module explores the role of governments and networks and how policies and sharing best
practices can enable the circular economy.

e Module 5: Circular Societies.
This module examines new norms, forms of engagement, social systems, and institutions, needed

by the circular economy and how we, as individuals, can help society become more circular.
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Building on this established course, CIRCUSOL has developed educational materials on the topic of circularity in
the solar power industry, and these can be used in the course platform as a case study. According to the
organizers of the MOOC, participants have earlier enquired to include material on Circular Economy regarding

renewable energy technologies, indicating a clear interest from the audience in this topic.

To date, four learning items have been produced for the course:

e  Circular solar PV — Learnings from the CIRCUSOL project
Power point slides with voiceover, and speaker notes
e  Circular business models for the solar power industry
Power point slides with voiceover, and speaker notes
e The environmental benefits of circular solar
Power point slides with voiceover, and speaker notes
e  Circular business model innovation: A guidebook for practitioners
PDF guidebook available for download

These learning items can be linked to Module 1 (“Materials”) and Module 2 (“Circular Business Models”) of the
MOOC. Documentation of learning items 1, 2 and 3 are available in Appendices A to C. Learning item 4
corresponds to the separate CIRCUSOL deliverable 5.5. Furthermore, additions to modules 2 and 3 can be found

on Youtube:

Module 2:
Module 3:

As the MOOC “Circular Economy - Sustainable Materials Management” has no determined end-date, it is
anticipated that it will run for at least a number of years to come. We therefore expect that a sizable number of
participants will engage with the learning materials on circularity in the solar power sector for quite some time
beyond the end of the CIRCUSOL project. Although learning item 4 (“Circular business model innovation: A
guidebook for practitioners”) is specifically based on the CIRCUSOL experience and uses several examples from
the solar power sector, the step-by-step guidance on circular business model innovation in the document can

also be adopted by practitioners from other sectors.
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2. Interactive workshops

Between December 2021 and April 2022 five focus group workshops were organised in Belgium and Switzerland.
Participants were selected to represent organizational market niches that had been considered in Work

Package 2 (WP2) of the CIRCUSOL project as high potential market niches for circular solar PSS:

e Non-owner residential markets: social, private rental and collective housing, where residents do not
or only partially own the building they live in. In these segments third parties (social housing
associations, landlords or associations of co-owners) are involved in the decision-making process.

e  Public and social infrastructure: municipalities, schools, and health and social care facilities. These
segments are characterized by the production of (quasi) public goods, public procurement procedures
and not-for-profit objectives.

e Companies and commercial real estate: the infrastructure these segments invest in have a

commercial function.

These segments were selected based on the WP2 learning that in order for PSS business models to scale for
circular PV, sweet spots should be identified where its value propositions meet customer needs. This is the case

for segments where

e technical and legal issues deter solar ownership models;
e unburdening is an important value; and
e (local) authorities are anticipated to engage in circular procurement, as a building block of broader

sustainable development ambitions.

The aim of the focus group workshops was to

e provide participants with background information on why and what behind the CIRCUSOL project and
share relevant insights and learnings from CIRCUSOL demonstrators with a close link to the specific
segment; and

e gather inputs on the experiences with and opportunities for circular solar business models from the
field, together with potential drivers and barriers. This approach may enable participants to identify

value propositions and potential applications that may be transferred towards their own organization.

Due to COVID-19 restrictions and in order to lower barriers for participation, the workshops were organized via
Microsoft Teams meetings and supported by Miro boards. The sessions were recorded, under approval of all
participants, who also approved an informed consent declaration before participating at the Miro boards. The
duration of these focus groups was between 2 and 2.5 hours. Preliminary outcomes were presented to the
CIRCUSOL consortium at the project meeting in Berlin in April 2022. More extensive learnings and insights are
reported under WP2 Deliverable 2.3 and have been published in peer-reviewed scientific papers (Van Opstal &

Smeets, 2022, 2023). An overview of the workshops is provided in Appendices D to H.
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Appendix A: Learning item 1

POWERPOINT PRESENTATION
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A solar trash wave is coming Circular business models for the solar power industry?
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AUDIO VOICEOVER SCRIPT

(0) Welcome to this session on circular solar photovoltaics. My name is Tom Rommens. I’'m working as a
researcher for the Flemish Research Organization VITO. In this module, | want to share some insights regarding
circular business models for the solar PV sector. Between 2018 and 2022, this was the subject of a European

H2020 project, so therefore, the focus in this session is mostly on Europe.

(1) On a global level, solar is the fastest growing source of renewable energy. In 2021, about 156 GW additional
solar power capacity was installed worldwide. The total renewable energy capacity which was added globally in
the same year was about 300 GW. In terms of installed capacity, solar power is growing faster than wind energy,
which is second. It has also become the cheapest renewable energy source, cheaper than conventional sources

like gas- or coal-fired power plants.
In Europe the installed capacity of PV has grown in 2021 with about 25 GW, to reach about 160 GW. It is expected
to grow at least at the same pace in the coming years. This is good, because we will need all renewable energy

sources, we can get in order to become a low-carbon society.

However, the question is: how sustainable is this, in terms of resources management?
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(2) Today, various types of PV technologies compete in the market. The first-generation technologies make use
of mono-or poly-crystalline silicon cells. The second-generation technologies are the so-called thin-films. They
use cadmium telluride, copper indium gallium selenide or gallium arsenide as a semi-conductor. Finally, there
are also the new, 3rd generation technologies like multi-junction or organic PV cells, which are still under

development.

Silicon-based cells dominate the solar PV market. About 95% of the PV-modules worldwide are silicon-based. So,

let’s have a look at the materials needed to produce these panels.

(3) About 67% of a PV-module consists of glass, and 16% is aluminum, for the frame. Usually, there’s a plastic
backsheet, which contributes to about 10% of the weight. The silicon in the cells, which form the core of the
panel, represents only about 4% of the mass. The remaining 3% consists of metals: mainly copper, aluminum and

tin, and small amounts of silver and lead.

So, it is clear that renewable energy does not come without materials. Knowing that this type of PV modules has
a peak capacity of about 195 W, one can roughly estimate the material needed each year to sustain the growth
of the EU solar power installations. A simple calculation shows that PV module production requires huge amounts
of glass, aluminum and plastics, but also 73 000 tons of solar grade silicon. Let’s now have a closer look at this

silicon value chain.

(4) Although silicon is the second most abundant element in the crust of the earth, it is not pure in its natural
state and must be refined before it is used in the production of solar cells. This is the first step in the production
process: the conversion of high-purity silica sand into silicon. The product of this refinery process is a so-called
silicon ingot, which consists of silicon with a purity of 99.999999%.

These ingots are then cut into very thin slices: the silicon wafers, which are again processed into solar cells. These

cells are finally assembled into PV modules.

(5) The production value chain for PV modules is almost entirely based outside Europe.

In fact, in 2021, there was only one company in the EU to operate polysilicon production: good for 60.000 metric

tonnes in Germany, which could be used to produce an equivalent of only 20 GW PV cells

Also ingot and wafer production is an activity which is barely existing in the EU, with one company in France and
some activity in Norway. The total EU capacity derived from these wafers would be around 1.7 GW. Similarly,

the EU solar cell production capacity is estimated at only 0.8 GW

There are quite some companies manufacturing PV modules in Europe, but most of them import their cells from

Asia.

Europe is thus very much depending on other regions in the world for the supply of PV modules, or at least, for

the solar cells needed for their manufacturing.
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On the other hand, large volumes of valuable materials have entered Europe in the past decades, and are now
stored in solar PV installations, with a total capacity of 160 GW. These contain thousands of tonnes of copper,

aluminum, silver and tin, and almost half a million tonnes of solar grade silicon.

(6) So, the question is: how are we going to deal with all these materials once PV installations are being

decommissioned?

Huge amounts of PV waste will be released in the coming decades. Several scenarios are possible, depending on

the technical lifetime and failure rates of old and new panels.

The oldest installations are now already collected for recycling. In fact, recycling rates are quite high, but material
recovery is mainly focusing on the low hanging fruit: glass and aluminum recycling, for example, which already

represent more than 80% of the PV waste volume.

Other precious materials, like metals present in the solar panels and silicon in the solar cells, are not recovered.

And other circular economy strategies, like repair, remanufacturing and reuse, are usually not considered at all.

It is clear that the economics and scale of recycling and reuse options should dramatically improve before the

avalanche of solar panels hits.

(7) We can think of several solutions to achieve higher resource efficiency through circular business models in
the solar power industry. In the CIRCUSOL-research project, these circular solutions were explored. The focus
was not on the technical aspects of recycling, but on reuse and product as a service model, which support lifetime

extension, repair and remanufacturing, next to recycling.

In the upcoming modules, some findings from this research will be discussed.
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Appendix B: Learning item 2

POWERPOINT PRESENTATION
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Circular business models for the solar power industry
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AUDIO VOICEOVER SCRIPT

(intro) Hi there, welcome back to the second module on circular solar photovoltaics. My name is Anse Smeets, |
work as a circular economy researcher at VITO and | will guide you through this module on circular business

models.

(1) In module 1, the European research project CIRCUSOL was introduced. This project looks into the reuse
pathways for PV as an alternative or precursor for recycling. It also investigates how Product-as-a-Service models
can serve as a facilitator for the implementation of this circular strategy. In this module we will dive deeper into
the added value of these models, and what the CIRCUSOL project learns us about their potential for the PV
industry.

(2) It was mentioned in module 1 that PV panels contain a lot of precious materials, which we obviously want to
recover at the end of their technical lifetime, via recycling. However, we see that a significant amount of the PV
“waste” stream is made up of relatively new panels suffering early defects.

In addition, healthy panels can be decommissioned well before reaching their 25-30 year technical lifetime, due
to insurance claims or repowering, when existing panels are replaced by higher-efficiency one. With rapid PV
efficiency improvements and an increasing number of installations becoming 10 years old or older, repowering
will very likely scale up in the near future. Therefore, an increasing volume of well-performing PV panels will be

decommissioned well before they have reached their technical lifetime.
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(3) As you have already learnt by now, it would not be the most resource efficient solution to immediately turn
to energy-intensive recycling pathways for these specific PV panels. It would make much more sense to reuse

them in the same, or alternative applications until they have reached their technical lifetime!

(4) But as mentioned, newly produced PV panels are becoming ever more efficient, meaning they can generate
a higher amount of energy for a given surface. On top of that, existing panels lose efficiency over time due to
degradation and the older they get, the higher the risk of defects. It should thus not come as a surprise that

customers are hesitant to invest in reused panels for their roofs.

Enter Product-as-a-service models! They come in different shapes, but those where the installer/service provider
retains the ownership of the PV installation and sells the produced electricity to the end-user have the potential
to unburden customers of questions regarding operational excellence, maintenance, repair, and risk. Therefore,
PaaS models may be an important enabler to introduce reused PV, as uncertainties regarding efficiency,

remaining lifespans and warranties are no longer a customer problem.

(5) Of course, this facilitating effect of PaaS models on PV reuse is only a theoretical hypothesis. To validate this
hypothesis, 5 demonstrators were set up within the CIRCUSOL project. They are located in Belgium, Germany
and Switzerland and pilot PaaS models in residential, commercial and off-grid market segments. Want to know

more about them? We happily invite you to the CIRCUSOL website!

(6) As the project is coming to an and, we unfortunately have to conclude that not all demonstrators were equally
successful. Luckily, a lot can be learnt from failure as well!

First of all, what challenges did we encounter? It turns out there is little transparency in the supply chain for used
PV. Operational risks regarding used PV are shifted from the customer to the service providers, who luckily do
have better risk pooling capabilities than their (individual) customers and are able to cover operational risks of
used equipment in their service pricing. Additionally, sourcing of substantial volumes of used PV turns out to be
a challenge and there is a lack of transparency in terms of the transaction costs for procuring, testing and
rehabilitating these used PV panels.

Secondly, as new PV keeps on getting more efficient and cheaper in the meantime, it becomes harder for used
panels to compete with new equipment in the market.

Finally, it turns out it is not straightforward to introduce a PaaS in a market dominated by sales-based models.
Residential customers with sufficient purchasing power are inclined to invest in PV installations themselves, they
are partially driven by psychological aspects of ownership. Also, households are not used to service contracts

with a duration of over a decade.

Luckily, we could also identify some clear opportunities. A PaaS model can be interesting for customers who
don’t necessarily look for investing in PV, but mainly want to enjoy power at lower-than-grid prices. Next, it was
confirmed that PaaS models for PV unburden customers from installing, financing, monitoring and maintenance
of PV systems. Moreover, it provides PV solutions for households or residents (like students, people in care
facilities, ...) who don’t have any technical or legal access to put PV panels on the roofs above their heads (e.g.
rental markets, apartment buildings, etc.). Finally, the Suncrafter demonstrator has proven that newly emerging

and potentially disruptive market segment like off-grid solutions should not be overlooked.
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(7) Based on these insights, we can formulate some recommendations with regards to the introduction of PaaS

models in the circular PV sector, and beyond!

1.

First of all, keep on investing to get to know your end-user. You can make a lot of assumptions in
terms of potential value propositions, but these need to be validated. This is why in the CIRCUSOL
project, we organized interviews, co-creation sessions and focus groups with potential end-users, and
launched multiple surveys!

Secondly, identify sweet spots and target customer segments with a lot of potential. In the case of
Paas for used PV these include situations where PV ownership is difficult or impossible because of
technical or legal issues, as it is the case in many urban or shared residential settings, and situations
where the major value proposition comes from unburdening the customer with regards to energy
investment and maintenance issues. This is typically the case in BtB or BtG settings.

Once you have identified relevant market segments, invest sufficient time in the demonstration of
your model, with real customers.

Next, keep a close eye on the scaling and replication potential of the model to surpass the piloting
stage. New challenges can occur at this stage. The souring of large volumes of used PV is an example
of this.

Tip five: keep your friends close, but your enemies closer. Investigate the relevant alternative models
out there in the market! How does PaaS for used PV relate to the sales of new PV? Can we compete?
It might be an open door, but the implementation of circular business models require collaboration
along the value chain and beyond. So, look for strategic alignment opportunities with relevant
stakeholders. Think of PV installers working with service providers, upstream suppliers, maintenance
companies etc.

With these key take-aways we would like to conclude the module on Circular business models for the solar power

industry. In the next module, we will discuss the environmental relevance of PV lifetime extension and reuse.

(outro) Want to find out more about the CIRCUSOL project? We warmly welcome you to our website!

17

Copyright info -



Appendix C: Learning item 3
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AUDIO VOICEOVER SCRIPT

(intro) Welcome back, time to discuss circular solar photovoltaics again. I’'m Anse Smeets, | am a circular economy
researcher at VITO and today | will tell you a bit more about the environmental relevance of PV lifetime extension

and reuse.

(1) As discussed in previous modules, lifetime extension of products realized via reuse and repair is one of the
cornerstones of a circular economy. Over recent years there has been an ever-growing deployment of PV, leading
to an expected increase in repowering of installations in the near future. This means many PV panels will be
decommissioned before reaching the end of their technical lifetime. One of the CIRCUSOL aims is to extend the

use life of PV installations by developing reuse pathways.

(2) However, it is important to keep in mind that circularity in itself is not a goal. It is embedded in a wider
sustainability story. And the environmental benefits of lifetime extension and reuse of PV are not as obvious as
one might expect. It is important to take into account the ever-increasing efficiency of new PV in terms of

electricity generation. This is shown in the graph for multiple PV technologies.

(3) Or expressed in other words: new PV requires less material to produce the same amount of green energy!
So, one might raise the question: from an environmental perspective, would it be better to regularly replace old
panels with new, more efficient ones? On top of this, the impact of transport should not be neglected when PV

panels are reused at a different location.

(4) So, we launched the following research question within the CIRCUSOL project: Is it better for the environment
to keep a PV panel in use until the end of its technical life, or to replace older panels with more efficient new

ones?

To answer this, we performed a life cycle assessment study. Our analysis consisted of comparing 3 scenarios with
different lifetimes of PV panels: 30, 15, and 10 years respectively, before they are replaced with new ones.

A first thing we learnt is that the environmental impact of PV is dominated by its production phase, followed by
the end-of-life stage. The impact of the use phase (mainly water used for cleaning) constitutes less than 0.1% of

the total life cycle impact.

By the way, we focused our analysis on multicrystalline silicon PV, the most common type. However, our

conclusions are not expected to change for other PV technologies.

(5) And most importantly.... The results were satisfying! From an environmental perspective it turns out to be
always better to satisfy the 30-year technical lifetime of PV panels. Replacing panels earlier results in a higher
environmental impact per kWh of electricity produced, which is not fully offset by the environmental benefits of
recycling the removed panel or the higher efficiency of the panels. This is not only the case for climate change,

but also for other environmental impact categories like resource depletion.

Even if maintaining the total technical lifetime requires some component repairs or transporting the panel for

long distances, keeping panels in use is the more environmentally favourable solution. This conclusion does not
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appear to change even with a revolution in panel efficiency or higher process efficiencies in manufacturing and

recycling.

So, in conclusion, the preferred circularity pathway for PV, being lifetime extension and reuse, is backed up from
an environmental perspective. An important sidenote though is that this conclusion results from an early-stage
LCA analysis that is valid under current circumstances. It is yet to be seen how the market for PV evolves in the

future as it has already proven to be very dynamic.

(outro) Want to find out more about the CIRCUSOL project? We warmly welcome you to our website!
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Appendix D: Workshop on public and social infrastructure (B)

GENERAL INFORMATION

Date: 07/12/2021

Location: Online — Microsoft Teams

Duration: 2u30

Means of information sharing and input gathering: PowerPoint presentation, discussion questions, Miro boards
Moderators: Wim Van Opstal and Anse Smeets (VITO)

Participants:

Participant ID | Professional position Stakeholder type
1 | Energy expert Federation of municipalities
2 | PV expert Public procurement agency on renewable energy
3 | Sustainable infrastructure expert | Supporting association for health & social care
facilities and schools
4 | Energy expert Governmental agency for school infrastructure
5| Energy expert Regional federation of schools
6 | Investment manager Governmental investment company
7 | Public finance expert Bank

DISCUSSION QUESTIONS

How do you make your infrastructure (energetically) 'future-proof'?
To what extent / in what way are (operational) energy costs managed?

What criteria are mainly used in the choice for solar energy?

S A

To what extent do you have access to data on energy use/consumption today? What is (not)

happening with it?

5. In what way(s) do these business models have an impact on the decision-making process (and vice
versa)?

6. How can the decision-making process be supported when several powers and/or parties are involved

(e.g. link between solar energy and mobility)?
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I MIRO-BOARD EXERCISES

Solar PV: advantages, disadvantages, barriers, enablers, and cases
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

Product-service systems
Oefening 2: Productdienstmodellen
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten
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PSS with 2nd life PV

Oefening 3: Productdienstmodellen met 2de handspanelen
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

End of contract solutions

Oefening 4: Wat na het verlopen van de contracttermijn? (bv. na 20 jaar)
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Ter inspiratie: denk o0.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten
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Data-technologies

Oefening 5: Businessmodellen met data

Inzicht in eigen data (gebruik, verbruik, Gedeeld gebruik (anoniem) van data Open toegang tot productdata (bv. Open toegang tot data van producten
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

DEMONSTRATORS DISCUSSED

Cloverleaf and Suncrafter

SCREENSHOT PARTICIPANTS
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Appendix E: Workshop on non-homeowner residential markets (B)

GENERAL INFORMATION

Date: 22/12/2021

Location: Online — Microsoft Teams

Duration: 2u30

Means of information sharing and input gathering: PowerPoint presentation, discussion questions, Miro boards
Moderators: Wim Van Opstal and Anse Smeets (VITO)

Participants:

Participant ID | Professional position Stakeholder type
1 | Policy expert Association of social rental housing
2 | Operational manager Energy co-operative of social housing associations
3| CEO Association of tenants
4| CEO Association of landlords
5| Social Worker Civil Society project organization
6 | President of the Board of Directors | Association for housing for vulnerable households
7 | Energy Expert Environmental civil society organization

DISCUSSION QUESTIONS

How do you make your infrastructure (energetically) 'future-proof'?
To what extent / in what way are (operational) energy costs being managed?

How are decisions on solar energy made and how are its benefits distributed?

e A

To what extent do you have access to data on energy use/consumption today? What is (not)
happening with it?
5. How can these business models contribute to a lower energy bill?

6. What is needed to implement such models in social housing, rental housing and/or collective housing?
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I MIRO-BOARD EXERCISES

Solar PV: advantages, disadvantages, barriers, enablers, and cases

Oefening 1: Zonnepanelen
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

Product-service systems

QOefening 2: Productdienstmodellen
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten
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PSS with 2nd life PV

Oefening 3: Productdienstmodellen met 2de handspanelen
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

End of contract solutions

QOefening 4: Wat na het verlopen van de contracttermijn? (bv. na 20 jaar)
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten
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Data-technologies

Qefening 5: Businessmodellen met data
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

DEMONSTRATORS DISCUSSED

Waasland Cohousing

SCREENSHOT PARTICIPANTS
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Appendix F: Workshop on companies and commercial real estate (B)

GENERAL INFORMATION

Date: 18/02/2022

Location: Online — Microsoft Teams

Duration: 2u30

Means of information sharing and input gathering: PowerPoint presentation, discussion questions, Miro boards

Moderators: Wim Van Opstal and Anse Smeets (VITO)

Participants:

Participant ID

Professional position

Stakeholder type

Circular Economy expert

Employer federation

Circular Economy expert

Employer federation

Energy expert

Federation of farmers

Innovation expert

Construction federation

V(P IW[IN |-

Innovation expert

Real estate study center

DISCUSSION QUESTIONS

How do you make your infrastructure/building (energetically) 'future-proof'? What is the role of
energy performance certificates in this?

To what extent does the need for charging capacity (EV) have an impact on the demand for solar
energy? To what extent does this strengthen the USP of your company (for customers and
employees)?

To what extent / in which way are (operational) energy costs managed?

To what extent / in what way does a PSS model offer advantages in financial terms (e.g. financing,
liquidity)?

How can the benefits of a PSS model be shared between the service provider, the owner and the
tenant of a building?

To what extent do you have access to data on energy use/consumption today? What is (not) done

with it?
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MIRO-BOARD EXERCISES

Solar PV: advantages, disadvantages, barriers, enablers, and cases

Oefening 1: Zonnepanelen
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Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

Product-service systems
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Oefening 2: Productdienstmodellen
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Coperiinmes e dus niet Froct publiek sigen gebouw - neutraliteit kan
en “oorhanden zjn bepaald nodig eigenaar moet een belangrijke — Kantoor-
— meewillen trigger vormen T
meubiliair
als dienst
. Binnen BB zijn
eigendomsov mensen beter
erdracht / onderlegd (dan in
B:C) om e
levensduur > calculeren wat het Inkaderen in een bredere
onbekende ? nadeelivoordeel e e st
ervanis. kantooromgeving zo
duurzaam mogelijk te
S —_— .
e Als aanbieder moet je Boekhoudkundige maken (dan kan je op
ofwel in z2e gaan met een verschillende domeinen
leasingbedrijf, ofwel zeif op SOnEED inhaken)
de balans nemen. Hier is aanpassen aan
Eigendoms- TOTETES G220 PSS-modellen
overdracht is net ey | —
een nadeel (als de IRIETECITE
miserie begint S — Fostpakjesaut
wordt het van mi]) omaten die los
stzan van
de dienstverlener
gebruikersverantwoord —_—
Boskhoudkundig elijkheid |_n een wereld
is het kopen veel waarin EPR en Negatieve
ervaringen
interessanter producentenverantwoo etileke
rdelijkheid wettelijk vergisters
sterk verankerd is. —
Ter inspiratie: denk o.a. aan politieke, econormSEmErsOTIATEtEChologische, ecologische en wetgevende aspecten
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PSS with 2nd life PV

Oefening 3: Productdienstmodellen met 2de handspanelen

Voordelen

Kan werken mits Circulair
goed servicemodel model,
{controle, hergebruik
repair/maintenance,
—

)- ontzorging.

Nadelen

toch altijd nog
wat wragen
rond kwaliteit
an
performantie

Onzskerheid
rendabiliteit

———

Drempels
T — Voor een
" e;g me gemotiveerd
mogelijkheden / pnncllplee\
publiek ?

Recuperatie
gebruikte panelen
via PSS aanbieders

(uitwerken in
Materialendecreet

en -besluit)

Cases (goed/slecht)

[ook buiten zonne-energiel

NNOF

Inrichting
Horeca
(keukens,
inrichting)
——

Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

End of contract solutions

Oefening 4: Wat na het verlopen van de contracttermijn? (bv. na 20 jaar)

Voordelen

=
n

o

[,

)

3

Drempels

Hefbomen

(B

Copyright info - Contract No. 776680

Overdracht van eige

rerdracht van eigendom met serwv
contract

Terugname

bekend met
de installatie Service contract e
wvoorkomt dat er w;fg:;’z:::: .
Bl SIS teveel miserie is p— &
ervan et eigendoms-
na eigendoms- overdracht zakelijk recht dat het
C—_— overdracht averbodig behoud van de
panelen toelaat
| T—
gebruiker
betaalt -
gecombineerd
met voortgezet
servicevoordeel
Inzetten op Sterkere modulaire
— levensduurverl TLERLOTEET
— [——
enging ipv. upgradskunnen
EOL op 20 jaar krijgen (bv. richting
3D printing en anergiesftzane)
Addicive —_—
| ———
Manufacturing
worden de norm,
dus heel wat PSS model met
kansen hier optimale
— installatie (ook
indien
(vl
outdated) - —
o mamen uan
— suostrades
—
| Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten




Data-technologies

Oefening 5: Businessmodellen met data

Inzicht in eigen data (gebruik, verbruik, Gedeeld gebruik (anoniem) van data Open toegang tot productdata (bv. Open toegang tot data van producten
performantie installatie, enz.) materiaalpaspoort, performantie, na gebruik (bv. EOL-management)
recycleerbaarheid, ...)
Voordelen
faciliteren simulaties s
i ki wardeing van
vergelijkb M rolenen
cerimalzeren P oy veranwaardal voorspelbaarheid
| e IR e & zekerheid
— e — worden verhoogd
Nadelen
grootste
S —
potentiéle
= —
bva\:;’:dee\k De
enchmarking £
verwerven (te weinig)
inzicht in
relevantie van
aanpassingen
Drempels
— Potanties! voar
_ andernamingsn
| T
| i de serviccen
| De data
2ijn er niet —
— - —
—
Hefbomen —
nog te onzichtbaar
woor service-
- providers (daarom
8 zoals
in Hoogstraten T
| waarin men data
~— declc —
—

Ter inspiratie: denk o.a. aan politieke, economische, sociale, techologische, ecologische en wetgevende aspecten

DEMONSTRATORS DISCUSSED

Cloverleaf

SCREENSHOT PARTICIPANTS
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Appendix G: Workshop on companies and commercial real estate (CH)

GENERAL INFORMATION

Date: 06/04/2022

Location: Online —

Duration: 2u30

Microsoft Teams

Means of information sharing and input gathering: PowerPoint presentation, discussion questions, Miro boards

Moderators: Roger Nyffenegger and Assia Boukhatmi (BUAS)

Participants:

Participant ID | Professional position Stakeholder type
1 | Owner and Chairman of the Board Building material manufacturer and trade
2 | Building Asset Manager Insurance company
3 | Head of Climate Strategy Retail and wholesale company
4| COO Chocolate Manufacturer
5 | Head of Environment and Energy Provider for industrial and business parks
6 | Project Manager Energy Efficiency & | Retail company and association of
Climate Protection Projects cooperatives
7 | Architect & Business Unit Manager Real estate company
8 | Head of operations Company for conveyor technology

DISCUSSION QUESTIONS

1. Introduction: Who has already installed system(s) or is planning to do so?

2. Please evaluate the advantages and disadvantages of PSS models (or contracting) compared to

conventional purchase of PV systems (under consideration of economic, technological, ecological, and

legal aspects).

3. How do you evaluate the different end-of-life options? What enablers and barriers do you see with

regard to the different end-of-life options?

4. Assessment of advantages and disadvantages, incentives, and barriers to the release of information on

installed equipment.

Data/information to be released:
- Location of the installation

- Installation date

- Production dates of the installation

- Information on maintenance of the installation

- General

Copyright info -
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| MIRO-BOARD EXERCISES

Introduction

Einfiihrung

Frage 1: Wer hat bereits Anlage(n) installiert oder plant dies?
Bitte Namen ihrer Organisation und installierte Kapazitat/ Anzahl Anlagen eintragen

Produkt Service System (Contracting)

Konventioneller Kauf

i 2 Anl
Installiert M::&!; - 300KWp
147 kW, - L
P Anlagen, davon 2 22MWp 300 PVA' -
~—— ) §
im Contracting. — tbd
Gesamuleistung | — I
| — ca. 6000 kWp
———
- einige
in Planung pv§ %
—_— m2/1500
kWp
T
diverse
Anlagen in
Betrieb
T —

Note: company names have been anonymized

Exercise 1: Advantages and disadvantages of PSS vs PV purchase

Ubung 1: Welche Vor- und Nachteile haben PSS (oder Contracting) versus konventionellem Kauf?
Bitte Namen ihrer Organisation mit eintragen

Produkt Service Systeme (Contracting)

Konventioneller Kauf

Delegaton
e ser ; g Smarce
o = kompetenzen nond unabhinggheit von Immobiie ist o
keine Autnande Ensschidigung e auch Innager e
, - genen Fachen
sind geKiar e car PV Anlage — S
Voller Ertrag far Em_’:;ﬁ_
g
Vorteile —— besitzer
| T——————
“End of
Life" im
contract
inbegriffen Rendite
—
Nachteile
Unsbhangigkeit

Finanzierung: . SR
Keine Ganzheitliche 'm:;‘;: J::yre b:ck nach 1013
Verantwortung Betrachtung Egmnersn(aund) n. Abscl Gptung
for den Unterhalc der Anagen. P — :Ispene“

Firma

Zur Hilfestellung: Bertcksichtigung wirtschaftlicher, technologischer,
6kologischer und rechtlicher Aspekte

Note: company names have been anonymized
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Exercise 2a: Evaluation of different End-of-Life options

Reuse

_—
Remanufacture/
Refurbish

Recycle

Ubung 2a: Bewertung der End of Life Optionen

Vorteile

Nachteile
i dar 2 wenig aufbau, Abbau und Leistungsei garingere e
Produksion der 2um privacen wenig erneuter nbusse in atain :n:em Mmm
Panels wichtig . Gobflv::ﬂ 3 ressourcenver Aufbau Kauf enespricht nicht mit geringer
sein. verscheni brauch erzeugt CO2 nehmen mahr dem Performance
neusten Stand
T —
Schiechteset
Verantwortun gfristi
Aus den Option unter ’ nich: ¥ L::ws:e‘
N langfristiger wahrgenommen Losung ca das
dem Sinn Betrachtung Material
verioren ist
—_—

okologischer und rechtlicher Aspekte

llung: Berucksichtigung wirtschaftlicher, technologischer,

Exercise 2b: Enabler and barriers of different End-of-Life options

Reuse

Remanufacture/
Refurbish

Recycle

Downcycling

Ubung 2b: Enabler und Barrieren zur Erreichung der EoL Optionen

mit der gleichen

keine 5 2lte tiefere Kosten e
- Bche kann ich - bei reus als bei
Ersatzreile Technologie: Konstruktion koardination
. _I ve s i muts Reute anderen der 2 life
(z.B. Sharp- peoduzieren. Ein EoL Effizienz und o S
Madul) rentiers eventuell. Kompatibilitat JEEme cyele

—
T —

Zur Hilfestellung: Berucksichtigung wirtschaftlicher, technologischer,
okologischer und rechtlicher Aspekte

Copyright info - Contract No. 776680
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Exercise 3: Advantages and disadvantages of data disclosure on a neutral data hub

Ubung 3: Welche Vor- und Nachteile sehen Sie in der Freigabe anlagenbezogener Daten innerhalb einer sicheren, neutralen Datenbank?
Welche Anreize wirden Sie zur Freigabe dieser Daten motivieren?
Durch welche Hemnisse sehen Sie sich abgeneigt, Informationen Gber ihre Anlage freizugeben?

Standort der Anlage Installationsdatum Produktionsdaten pro Zeit Wartungsdaten Aligemesn
(Zugr#f auf Wechselrichzerplattform)
Vortele Seme ceice
Mz resien Daten < e B¢t
zenen e Gesem Thems
— Swnsite v stent ce “gute
sirizors ﬁv:\;c:;‘su Benchmarking Sache” im
Nachreile Procukze Lesenszyus Verdergrund
e mossen —_—
—_— ~— bekannt sein
und kénnen Leistung der O ONA
weltergegeben Einzelnen Surdoam
Anreize Panesls s
= kein werden Sobavr son
—_—
Hindernis L Grunssbezicn
- keine Memmnisse
ser
» s - aaministrative s
lemnisse ‘ I, * ‘l Menrarveit Seneringimast
N manmen
i = = = —— |
= o —
f— ==
onw

Zur Hilfestellung: Bertcksichtigung wirtschaftlicher, technologischer, 6kologischer und rechtlicher Aspekte

Note: company names have been anonymized

DEMONSTRATORS DISCUSSED

Cloverleaf

SCREENSHOT PARTICIPANTS
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Appendix H: Workshop on public and social infrastructure (CH)

GENERAL INFORMATION

Date: 13/04/2022

Location: Online —

Duration: 2u

Microsoft Teams

Means of information sharing and input gathering: PowerPoint presentation, discussion questions, Miro boards

Moderators: Roger Nyffenegger and Assia Boukhatmi (BUAS)

Participants:

Participant ID | Professional position Stakeholder type
1 | Deputy Head of Department for Municipal | Municipality Administration
Buildings
2 | Project Manager for Sustainable | City Administration
Development
3 | Head of Sustainability; Building | Cantonal Administration
Construction Office
4 | Senior Manager Business Development | Mobility Services
Mobility
5 | Head of Sustainability Public transport association
6 | Project Head Energy Management Association for cantonal administration
7 | President Building cooperative
8 | Sustainability consultant Federal Office for Buildings and Logistics

DISCUSSION QUESTIONS

1. Introduction: Who has already installed system(s) or is planning to do so?

2. Please evaluate the advantages and disadvantages of PSS models (or contracting) compared to

conventional purchase of PV systems (under consideration of economic, technological, ecological, and

legal aspects).

3. How do you evaluate the different end-of-life options? What enablers and barriers do you see with

regard to the different end-of-life options?

4. Assessment of advantages and disadvantages, incentives, and barriers to the release of information on

installed equipment.

Data/information to be released:
- Location of the installation

- Installation date

- Production dates of the installation

- Information on maintenance of the installation

- General

Copyright info -
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I MIRO-BOARD EXERCISES

Exercise 1: Advantages and disadvantages of PSS vs PV purchase

Ubung 1: Welche Vor- und Nachteile haben PSS (oder Contracting) versus konventionellem Kauf?
Bitte Namen ihrer Organisation mit eintragen

Produkt Service Systeme (Contracting) Konventioneller Kauf
| [
9t gebunden, hein -
eqcite f Fnantelier e b hnd e
m:m’;:v Fredieten be P onvmcr i,
- St anger mm i dowee 1
ety conitiv encgegen, Eigenstromnut m,:n“‘ ool il
Vorteile By (lhrormantcai
————— C——
| —
—
Nachteile Verkauf
Geringe
Unterhalzskoszen wahrend -Au!bauvnﬂ
den ersten 10 janren, eigenem Know-
gewsser Autarklegrad. How. Man hat
hoher investtionsbedart, seine Zahien
welcher dureh GV bewilige selst im Griff
werden muss
| —
T —

| Zur Hilfestellung: Berticksichtigung wirtschaftlicher, technologischer, ékologischer und rechtlicher Aspekte

Note: company names have been anonymized

Exercise 2a: Evaluation of different End-of-Life options

Ubung 2a: Bewertung der End of Life Optionen

Samentasrenn Yerfugoarueit
e -
wren Nachteile
omearg
Reuse —_— Pohw Kontan fur
-w L — Marte Artut wrd
Krelslauf Torstoneren menn Taren e o barune Lebwrndamr
2o 3 R HACernEIe Bedog ansew St wcmrns” Aedage.
wirtschaft . Toforen W st mmacaninge tencenzel! Wets ot hen sbnt
N § st et ban pass rizplSomrs Keine e . x
— s DEDREE ME  sorden senvonans v nich ing s Garantien o e
S Shrar ) Lasgers, serer System : sl g
—_ o e Mobl [rr—— ~.:»‘ e
| — L — o paes e T —
Remanufacture/
Refurbish

Downcycling Standardisier Soliee nur Wertstaffe
ber, dedurch f0r defekte gehen
kostenefient Panels sin verloren

Thema sein —
—_—
— ?‘

Zur Hilfestellung: Beriicksichtigung wirtschaftlicher, technologischer,
6kologischer und rechtlicher Aspekte

Note: company names have been anonymized
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Exercise 2b: Enabler and barriers of different End-of-Life options

Ubung 2b: Enabler und Barrieren zur Erreichung der EoL Optionen

Reuse
2u hohe Langretsudien rur EgfFreianc
Wurnsch auf Kosten Lebensasuer der Lesenscaver
by aufgrund viel Panosion und der Panesien

Raum muximalen manvelier Wirkungzgrade nach »W. ol
Crirag cu erhaiten Arbeit 30,4030 jahren
(d.h. neve Panels) hicet

| — —

“— D ss—
| —
Remanufacture/
Refurbish

Recycle

Downcycling .
gunstgste
und
einfachste
Losung
T —
—

Zur Hi Bericksichtigung wirtschaftliche

kologischer und rechtlicher Aspe

Exercise 3: Advantages and disadvantages of data disclosure on a neutral data hub

Ubung 3: Welche Vor- und Nachteile sehen Sie in der Freigabe anlagenbezogener Daten innerhalb einer sicheren, neutralen Datenbank?
Welche Anreize wirden Sie zur Freigabe dieser Daten motivieren?

Durch welche Hemnisse sehen Sie sich abgeneigt, Informationen uber ihre Anlage freizugeben?

Standort der Antage

Installationsdatum

Produktionsdaten pro Zeit Algemein
(Zugrtt auf Wechselrichterplatiform)
Vortele
e focecart
— Bansecer Forecant Seai Energie Transperens Infos v
— moghch, Pask- Managermans fir S !M«M:;.
Nachrelle
Erepaaneing Rucycling etz
. Senjet
. IR ~— —_—
—
Anreze
o
Bravregimis
Hemnisse —

Wir uzizeces unsere V-
Xanet Ariagen Sanzarteund e
for eigene Aciagen Produtonseten beress
Sz, e
o nicat voszingip)
Opomienmgipccent

Eprntagldieg
wab ShET10 pemi
R— | —
[ Zur Hilfestellung: Berlcksichtigung wirtschaftlicher, technologischer, 6kologischer und rechtlicher Aspekte
Note: company names have been anonymized

I DEMONSTRATORS DISCUSSED
Cloverleaf
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SCREENSHOT PARTICIPANTS
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