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Executive summary

This document, Updated community mapping and innovation ecosystem (D1.3), is a deliverable
of the SUNER-C project, which was funded by Horizon Europe under Grant Agreement No
101058481. It describes the mapping, strategies and priorities of the SUNERGY innovation
community and ecosystem. The community mapping exercise was described in detail in D1.2,
which constituted the first draft of the community and ecosystem map. A final version of the
map is available in an online platform, which allows users to search and locate on a
geographical map various institutions and initiatives that have competencies related to the
development of solar fuels and chemicals.

An innovation ecosystem brings together actors from different sectors such as politics, science,
industry and/or civil society, and is best described by the principles of co-creation, co-evolution,
co-specialization and co-opetition. The aims and strategies of the SUNERGY innovation
ecosystem started with the Strategic Research and Innovation Agenda (SRIA). The stakeholder
community was invited to actively contribute to and further develop this agenda during an in-
person workshop in July 2024, during which a variety of target groups identified and shaped
their priorities and potential contributions to economically efficient value chains. The results
from the discussions during the workshop are presented here.

SUNERGY has taken an active role in leading the wider research and innovation community in
solar fuels and chemicals, with the SUNER-C Roadmap (D3.1) and Blueprint (D3.2) supplying the
community with guidelines for the next steps in innovation. This document outlines the
structure and members of the SUNERGY Community, the various stakeholders’' current
priorities, and their potential contributions to cost-effective, economically efficient value chains.
We present an account of how we have involved diverse sectors of society in order to generate
cross-sectorial cooperation and stimulate innovation and market development for renewable
fuels and chemicals, in alignment with the SUNER-C Roadmap and Blueprint.
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1 ‘ SUNER-C Innovation ecosystem
1.1. Introduction

Innovation ecosystems are the entirety of innovation activities, actors, flows and
codependencies, in loose analogy with natural ecosystems.' An innovation ecosystem brings
together actors from different sectors, such as academic research, politics, industry and/or civil
society, and is centered around collaboration and value co-creation to achieve shared
innovation goals. (Jutting, 2020) The purpose of innovation ecosystems is normally the
fulfillment of shared value, where the value appropriation can benefit the ecosystem, its
members and society at large (Cobben, et al., 2023). A healthy innovation ecosystem is
structured in a way to efficiently utilize and recover its resources, is able to build relationships,
and share knowledge between its members (Jackson, 2011).

Innovation ecosystems are primarily intended to develop new technology and bring it to the
market but can also be mission-oriented. A mission-oriented ecosystem aims to solve a grand
challenge, and therefore often involves actors from politics and governance, and from civil
society (Jutting, 2020). An innovation ecosystem is led by an orchestrator, who motivates actors
in the ecosystem to contribute to it productively but also works to ensure its health and
resilience (Autio & Thomas, 2022; Cobben, et al., 2023). Orchestrators are often field leading
companies but can be any kind of organization with the capacity to develop a structure which
ensures productivity and efficient use of resources. Innovation ecosystems can be structured
in a number of ways, but it is important that it is sufficiently open and responsive to facilitate
innovation and value creation in all segments (Pombo-juarez, et al., 2016).

SUNERGY is a mission-oriented community and innovation ecosystem, with the goal of
achieving system transformation. The European Green Deal set an ambitious goal to reduce
greenhouse emissions by 55% by 2030, and to make Europe a climate-neutral continent by
2050. This can only be realized by a broad transformation in all sectors of society. The SUNERGY
vision is to realize this by creating an energy system based on solar energy coupled to direct
energy conversion into fuels and chemicals, coupled to direct air capture of CO.. In addition,
SUNERGY aims at full circularity in all value chains. Realizing this vision requires the involvement
of a wide and diverse group of actors in an ecosystem for solar fuels and chemicals. The
SUNERGY Community is a guiding coalition that brings together these actors from diverse areas
of research and innovation (R&l), policy making, societal organizations, and end-point
stakeholders of the SUNERGY technologies, value chains, and future services.

' Not to be confused with the related concept of Innovation Systems: An innovation system can be seen as a systems
approach to innovation exploitation and management, and is a set of components and relations influencing the
generation and utilization of innovations and the innovative performance. (Granstrand & Holgersson, 2020)
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1.2. Overview of the SUNERGY innovation ecosystem

SUNERGY focuses on a value chain (Figure 1) that comprises upstream, infrastructure, and
downstream markets. The upstream market includes producers of fuels, heat, and electricity,
CO; point sources such as steel and cement manufacturers, as well as producers of base
chemicals and materials. The upstream market is currently dominated by fossil resources that
will be replaced by renewable and zero-emission systems over time. The infrastructure market
includes grids for electricity and fuel, power plants, manufacturing new energy conversion
assets, energy distributors, and supply chains for raw materials and utilities. In the emerging
SUNERGY technologies, these are e.g. solar-to-fuel reactors, microalgal bioreactors, and e-
refineries. The downstream market includes all customers and consumers such as the
transportation sector, and food production, and is characterized by a large number of end
products, such as fertilizers, plastics, textiles, affecting all aspects of everyday life.

*Transportation

«Fertilizers

*Recycling and circular economy
*Process chemistry

D OW n St r e a m *Materials manufacturing

*Farming

*Community fuel and electricity

*Manufacturing and distribution
+Solar fuel production
*Fuel handling and transportation
+Clean Hydrogen production
+*Carbon dioxide capture and utilization
Bioreactors, biological production processes
*Services
*Innovation & entrepreneurship
*Genetic engineering of microorganisms
*Water and air management

*Infrastructure
*Grids
*Construction of process plants
*Reactor components

*Materials & Tools
+Catalysts
+*Synthesis and characterization
*Computational chemistry/physics
+*Information technology
*LCA

Figure 1. Major technological sectors in the value chain of SUNERGY’s innovation ecosystem. SUNERGY
focuses on the upstream and infrastructure parts, feeding into the downstream markets.
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The SUNERGY innovation ecosystem focuses primarily on the upstream and infrastructure
markets, feeding into the downstream markets by supplying the fuels, base chemicals, and
materials needed for diverse products, processes, and services (Figure 1). The SUNERGY value
chain can thus be broken down into sectors based on the supporters that form the SUNERGY
community, which is described in more detail in section 2 below. The value chain is depicted as
an inverted triangle to mirror the overall volume of goods and services.

Global markets are currently seeing a surge in investments of goods and services in the clean
energy transition. Bloomberg estimated the total global investments to be $2.1 trillion in 2024
(BloombergNEF, 2025). These include investments in renewable energy (ca. $728 B), new
infrastructure for the net-zero transition such as grids ($390 B) and supply chains ($130 B), and
downstream markets such as transportation ($757 B). This can be compared to approximately
$3 trillion in increased annual spending ($6.3 trillion in total) on physical assets, which will be
necessary to achieve the net-zero transition until 2050 (McKinsey & Company, 2022).
Bloomberg also similarly projects that $5.6 trillion in global annual investments will be
necessary to reach net zero by 2050. In this forecast, annual investments in renewable energy
need to increase by 58% compared to 2024.

Renewable energy investments in 2024
800

700
600
500

400

BILLION USD

300
200

100

Globally in 2024  China in 2024 US in 2024 EU-27 in 2024 Immediate global
investment gap*)

Figure 2. Global investments in renewable energy installments in 2024, not including investments in
power grids, clean transportation (e.g. EVs), other industries or buildings.

*)The clean energy transition would need an increase by 58% annually to reach the net zero targets in
2050, causing the immediate investment gap of about $400 B. (BloombergNEF, 2025)
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The SUNER-C Blueprint (D3.2) has identified a number of investment scenarios that will
accelerate research, innovation and demonstration of SUNERGY technologies within the next
five years until 2030. The total investment in R&I funding by the EU is suggested to be
approximately €450-500 M, distributed between Research and Innovation Actions (RIAS),
Innovation Actions (IAs) and Demos, during a period of 5+ years. In comparison, the total annual
budget for all research and innovation under Horizon Europe in 2025, is about €12 B, with €1.3
B budgeted for R&l in Cluster 5 alone. The Bloomberg report shows that the EU invested a total
of $375 B in the clean energy transition in 2024 (which is down 6.8% from 2023) of which $100
B was investments in renewable energy.

The starting point for SUNERGY was to act as a collaboration platform. The seed of a structured
innovation ecosystem was formed by incubating the groups behind the two EU-funded projects
SUNRISE (GA 816336) and ENERGY-X (GA 820444), which gave rise to the SUNERGY community.
In the early days of the project, SUNER-C gathered support from about 200 organizations, via
signed formal support letters from each organization. These organizations have been
designated Supporters and have been growing in number since the start of the SUNER-C
project. With the support of the SUNER-C project, the community has grown and become more
diverse and mature, and SUNERGY is thus close to obtaining the full leadership role it would
have in a mature stage of the ecosystem. Currently there are 334 SUNERGY supporter
organizations. The open collaborative model for joining the community that has been
employed so far, means that the ecosystem lacks some structural elements that will be
necessary for a systemic transformation on an international level, such as policies and
regulations, and institutional support.

As SUNER-C has progressed, the goal has been to ramp up the efforts of coordinating the
stakeholder community towards establishing an institutionalized large-scale research and
innovation initiative (LSRI). In its full capacity, SUNER-C would then become the orchestrator for
the SUNERGY innovation ecosystem. An important part of governing an LSRI would be to
provide adequate financial and governance support, as well as channels for communication
and dissemination, and to foster relationship building and knowledge transfer within the
innovation ecosystem. When reading this document, it is thus important to keep in mind that
a full strategic structuring of the innovation ecosystem would require a defined governance
system for a future SUNERGY initiative. As we are lacking such a definitive governance model,
it has not been the objective to define a complete ecosystem structure with priorities and
timings. Instead, we aim to identify the future possibilities for the ecosystem, and to provide a
snapshot of stakeholders’ values and priorities as of right now.
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2 ‘Community mapping

2.1. Mapping targets and results

A diverse community with large coverage of needed competencies is a necessary ingredient for
developing a robust innovation ecosystem (Surie, 2017). Throughout the project period, SUNER-
C has actively worked to engage members of the community, stimulating active participation in
the SUNER-C events, to create a living and organically evolving ecosystem structure. The main
objective of the Community Mapping is to map stakeholders and initiatives across the EU and
at national/local level that are active in the sustainable fuels and chemicals technologies
outlined in the SUNERGY Roadmap (D3.1/D3.4), as described in deliverable D1.2.

The community mapping tool was developed to show the diversity, number and available
competencies of the SUNERGY community in order to more efficiently set up communication
channels, increasing the impact of the community, and attract new collaboration partners and
funding opportunities. The first version of the Community Mapping exercise started in the first
half of the project and continued through the second half resulting in a final populated version
of an online platform. The web-based mapping tool was launched on the SUNER-C website in
November 2023 and allows users to search and locate on a map the institutions and initiatives
that represent the core competencies needed to accelerate the development of solar fuels and
chemicals.

The innovation ecosystem must be open to variations and exchange of partners, competencies,
and tools in order to develop. Membership in the SUNERGY community is therefore intended
to be unbiased and unrestricted. The community should include all sectors of society such as
academia, industry, SMEs, local/regional/national governments, NGOs, and policymakers as
well as other European LSRIs. The aim of the mapping tool is to be a part of a broad palette of
communication tools, that form the basis of a robust information sharing platform, that
stimulates knowledge exchange between the members of the innovation ecosystem. During
the SUNER-C project, the platform engaged actors and stakeholders for active participation in
SUNER-C activities.

The target groups for the ecosystem that have been identified in the community mapping
include, but are not ultimately restricted to:

e Industry: companies, industry associations

e Research/academia: universities, RTOs, applied research centres, etc.

« Financial players/investors: venture capitalists, fund managers, business angels
o Societal stakeholders: citizens & consumer organizations, NGOs, trade unions

* National platforms and R&I projects/initiatives

e EU platforms and partnerships

o Policy/decision makers at different levels: local, regional, and national
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The core competencies used in the mapping tool have been identified as critical by the
SUNERGY SRIA. The definition of each competency has been presented in D1.2, and can be
briefly described by three levels (Fig. 2):

CROSS-CUTTING

public & End-user Computing

ment >tan arg;
= 123+;,
ach Engae & Labeyy, “?tion
Quure ng
c duca{\of‘ & INFRASTRUCTURE In
. N .
Construction & Architecture Fuels and Chemicals £ ro"atron &
Transport, Storage & Distribution epre-’?eur
S
\‘.\a\\oéo Water & Air Management RE Systems Device & System E hip
X\ ngineerin
“\r_a 4 and Proce S g
ing an Ss Intensificati ,
recyding ocesses TECHNOLOGIES _ ' Ication TEAS
ircular P e Chemical, Materials & LCA’s
sy a Carbon Capture and Utilization . .
poWC 'c and Process Engineering
- @l
fin? Enzymology, Photoenzymology and biohybrid engineering Electrochemistry
Gas separation technology, membranes (Photo)Bioreactors and microbial cultivation

Genetic and metabolic engineering of microorganisms; synthetic biology, biotechnology

Light-driven processes
and reactions

\ Synthesis and characterization of molecules and materials

Renewable energy technologies

Catalysis: homogeneous, heterogeneous and plasma

Figure 3. Classification of competencies in three different levels: Technology-related, Infrastructure-
related, or Cross-cutting.

To populate the mapping tool, a questionnaire was sent to all SUNERGY supporters and
subscribers of the SUNER-C newsletters, with individual addressed mailing actions and follow-
up, which has been described in D1.2. Joining the supporter community and/or agreeing to
visibility in the mapping tool, is thus entirely voluntary and demands an active choice by the
member organizations. The majority of the initial supporters of the SUNERGY community were
derived from the supporter base of the predecessor projects SUNRISE and ENERGY-X. Some
but not all of these have confirmed continued support of SUNER-C. There are therefore some
uncertainties with regards to inclusiveness and absorptive capacity of the ecosystem. However,
this is also a flexibility which allows the ecosystem to adapt to the needs of the community.

2.1.1 Updates of the map since D1.2 (by 11.05.2025)

After its launch on the SUNER-C website, the online mapping tool has been updated
continuously by repeated invitations to respond to the questionnaire. The map now contains
in total 108 organizations from 75 cities across 24 countries in Europe and beyond. These
organizations can be said to constitute the guiding coalition for the Innovation Ecosystem.:

e 27 organizations from the industry (11of whom are partners in SUNER-C)
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e 73 organizations from the academia or as research institutes (14 of whom are partners
in SUNER-C)

e 3 organizations as EU platforms and partnerships (2 of whom are SUNER-C partners)

e 2 organizations as National platforms and R&l projects/initiatives

e 3 organizations as Societal stakeholders (1 from SUNER-C)

After the SUNER-C Workshop in Ghent, July 2-4, 2024 (see below), additional community
stakeholders were added to the mapping tool based on participation in the workshop.

Overall, the SUNERGY community is composed of SUNER-C partners, supporter organizations
currently in the mapping tool, plus additional organizations that have explicitly stated their
support for the SUNERGY vision and agenda, and their interest in facilitating technological

development according to the SUNERGY Roadmap:

SUNER-C / Academia/ | Industry | Other (National/European networks, | Total | #Countries
SUNERGY Research State agencies, Funding bodies,
NGOs, Ministries, Municipalities)
Partners
SUNER-C 13 11 5 29 12
Supporters
in the map 56 15 5 76
Additional
supporters 141 63 35 243
Total 210 89 45 334 34

Table 1 - Summary of supporters and community members displayed in the community map

To facilitate population of the tool, and to promote communication within the community,
regular SUNER-C newsletters reach 1875 actively subscribing contacts from a large variety of
organizations where prompts to join the community have been made. There have been 551
new newsletter subscriptions since the beginning of the SUNER-C project. In terms of the
structure of the SUNERGY innovation community. We also count the recipients of the SUNER-C
newsletters as a part of our community, as well as our partners and supporters.

No attempts have been made to achieve an exhaustive map of all possible stakeholder
organizations or activities that have some bearing on the SUNER-C vision and technological
Roadmap. Instead, the community has grown organically, with open invitations to as many as
possible, but only adding to the map and supporter group those who responded in the
affirmative to the questionnaire or a request for support. Thus, the community map reflects
those organizations who have an active interest in participating in ecosystem activities and
services, while also contributing to value-generating competencies.

To some extent, strong control mechanisms or strategies are not needed in such a collaborative
ecosystem, if the participants share common views related to all the factors, as when it is
centered around a singular and well-defined technology. However, in disruptive innovation
ecosystems such as SUNERGY, alignment is not achieved automatically (Pellikka & Ali-Vehmas,
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2016). Though the SUNER-C community mapping is not sufficient for organizing and aligning all
actors in the ecosystem, it is a starting point for further development.

2.3 Gap analysis

Innovation and value creation hinges on efficient resource allocation but also on the timely
participation of necessary competencies. After agglomerating a number of organizations into a
community with the purpose of accelerating research and innovation activities, we therefore
wanted to identify any gaps between the competencies of the community members, and the
competencies that are needed to instigate new technological development. This is easier said
than done, as activities and competencies fluctuate in academic and industrial organizations
alike. Nevertheless, some trends and tendencies can be observed by looking at research and
innovation efforts over time.

After defining the prioritized research directions (PRDs) according to the Roadmap and
Blueprint, we collected information on a number of EU-funded projects connected to the
SUNERGY technological areas (Figure 4), that have been funded or active during the SUNER-C
project period. By extracting information about SUNERGY supporters connected projects we
can draw some conclusions about the scope of competencies in the community.

2.3.1 Classifying SUNERGY technologies

The starting point for describing the solar to fuel and chemicals R&I landscape was presented
in the SUNERGY Strategic Research and Innovation Agenda (SRIA) and is given a more detailed
account in the SUNER-C Roadmap (D3.1) which outlines the necessary technological steps that
will contribute to reaching Europe's carbon neutrality within the next 25 years.

The clean energy transition towards greater use of more solar energy faces the conundrum
that mature technologies are found to be either scalable but costly, or affordable but not
scalable to meet society’s needs. SUNER-C has therefore identified a number of emerging
technologies for direct production of fuels and chemicals, that will make solar energy
conversion a fully scalable and affordable resource. The technological portfolio is based on two
main technological approaches that need to be brought to market and deployed as soon as
possible to meet the net-zero targets of the European Green Deal:

Indirect routes of energy conversion, where electric power from renewable sources is
converted into fuels and chemicals through multiple steps, and direct conversion of solar
energy into renewable fuels and green chemicals. The former are mainly mature technologies
and provide some scalability to renewable and alternative fuels. The latter is more disruptive,
is mainly represented by emerging and low TRL technologies, and enables a decentralized on-
site and on-demand manufacturing of fuels, fuel feedstock and base chemicals. The SUNER-C
Vision aims for wide-spread implementation of direct conversion of solar energy, coupled to
chemistry and direct air capture of CO,. The rationale is that direct conversion achieves a better
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multidimensional performance by the combination of energy conservation, e.g. using fewer
conversion steps, and minimizing materials use and overall footprint.

In Figure 4 below, these technological approaches are further divided into four technology
classes for research and innovation at different TRL (A, B, C, and D) that fall under the SUNER-
C scope. We describe the technologies to some extent but refer the reader to the roadmap
(D3.1) for more technical details. Figure 4 is based on the classification of the technologies and
the relevant communities (advanced electrochemical conversion: D + C, photochemistry: B, and
biological conversion: A). Pipeline C also covers communities focusing on sustainable CO2
capture that feeds advanced electrochemical conversion, photochemistry, and biological
conversion for carbon-based products. This can also be summarized as follows:

e Advanced Electrochemical Conversion (pipelines D and C)
- Carbon Capture (pipeline C)

» Photosynthetic Devices / Photochemistry (pipeline B)
- Carbon Capture (pipeline C)

» Biological Conversion (pipeline A)
- Carbon Capture (pipeline C)
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Figure 4. The overall structure of R&D communities for sustainable and renewable fuels and chemicals,
including the industrial drivers behind the SUNERGY/SUNER-C strategy. The figure (from the SUNERGY
SRIA) shows technologies along the affordability - scalability spectrum, which demonstrates the
conundrum of current energy technologies for converting solar energy into chemistry and fuels: To the
left, conventional biofuel production is relatively affordable but cannot be scaled up to fit the needs of
society. To the right, renewable electricity is used to power industrial technologies and is scalable but has
high costs of investment and infrastructure. The SUNER-C Vision (D1.1) and Roadmap (D3.1) have
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identified technologies towards the centre of the figure that are aiming to be affordable, sustainable, and
scalable. (Figure adapted from Purchase et al. 2019)

Class A, biocatalysis in cell factories and synthetic biology, aims at genetic tailoring of
microorganisms for providing new product value chains from biological conversion that do not
rely on biomass conversion, along with product diversification. These technologies fall under
the “biologically-driven conversion technologies” in the SUNER-C Roadmap.

At the lowest TRL level, Class B comprises a range of emerging and visionary technologies
utilizing various forms of photochemistry, sometimes referred to as ‘artificial photosynthesis’,
which uses biomimicry and nanotechnology for decentralized high yield conversion beyond the
adiabatic limit, just like in nature does. The technologies mapped under Photochemistry are
described in the roadmap under the categories “Photosynthetic devices” and “Particulate
systems”. The B technologies include a type of photoelectrochemical cell (PEC) device where
correlated photochemical reactions take place according to the “one-photon - one electron”
principle (see further in D3.1 and D3.2). This technology will be scalable beyond the limits for
conventional biofuels, thereby closing economic cycles at any desired level in the circular
economy. The challenge for the innovation community is to find a technically novel optimum
that combines the benefits of biofuels (i.e. a renewable hydrocarbon fuel) with that of the
limitless availability of renewable power.

The heart of classes A and B is the direct solar energy conversion into fuels and chemicals, and
they are therefore considered as the ultimate goal in the SUNERGY Vision and Roadmap.

Class C: Conversion of concentrated renewable power into H; in D is a step on the way to the
conversion of CO; in the third technology class, C, initially by converting CO, from point sources
(Fig. 2 “CO; capture”) and later by capturing from the air (“CO; air capture”). Technology in class
Cis enabled by advanced, novel chemical synthesis using solar energy and activated CO,, while
technology class D corresponds to 1) conversion in the kind of PEC systems where photovoltaic
(PV) cells and electrolysis has been built into a single device, 2) thermolysis, or 3) conventional
conversion of renewable electricity followed by electrolysis in a stepwise approach. The C and
D categories represent the multistep, indirect processes.

PEC devices that integrate a PV module with an electrochemical conversion step in a confined
space have characteristics of a direct process since it is a single device, while internally it is a
multistep process where electricity (in the form of uncorrelated electrons) is used as an
intermediate for cascading multiple photoelectric and electrochemical stages. These types of
solutions are sometimes referred to as ‘integrated PV+electrolysis’ and should be considered
as indirect conversion technologies. Nevertheless, indirect PEC conversion technology provides
opportunities for solving several economic and sustainability issues concerning PV-coupled
electrolysis. By changing the architecture of the technology and incorporating everything on
the mesoscopic scale, PEC devices with integrated PV-electrolysis can generate modular
systems that combine scalability with good economizing of materials (see D3.1 for details). For
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the purposes of mapping the technological development and competencies, we have therefore
decided to take the readiness level (TRL) of each technology into consideration, allowing
disruptive innovations to be part of the solution regardless of their specific utilization of
electrical conversion.

2.3.2 Mapping technologies in research projects

We analysed 48 EU-funded projects focusing on the technologies in the research and
innovation pipelines A, B, C, and D. The EU-funded projects (see Table A2) were selected based
on the SUNER-C deliverables ‘List of Projects in the Portfolio at Mid-term’ (D2.1) and the updated
portfolio in ‘KPIs and Action to Foster Project Synergies’ (D2.2). The projects were analysed with
respect to technology, as well as the involvement of different stakeholder organizations that
are visible in the mapping tool.

°-

A B C
Biology-driven Photochemistry CO, Capture &
processes _ activation
. * 16 Projects
* 13 Projects + 26 Participating * 23 Projects
* 17 participating members + 29 Participating
members members

~ AN AN / S

Figure 5. A graphical representation of the results of the analysis of 48 EU-funded projects focusing on
the technologies in the research and innovation pipelines A, B, and C.

Of the 334 organizations in the mapping tool, 48 were found to be active in at least one of the
projects. Conversely, 53 projects were found to have active partners from the SUNERGY
community. Figure 5 shows a graphical representation of the results of the analysis. The
complete lists of projects and partners are found in Tables A1 and A2.

For the innovation ecosystem to be flexible, responsive and productive, it is crucial that there
are interactions and information flow between the communities in the different pipelines. It is
therefore important to identify the interfaces between the communities that can provide the

areas where cross-disciplinary collaboration and innovation can take place. As part of SUNER-C
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has been to promote calls for EU-funding in the SUNERGY technological pipeline (D3.3),
SUNER-C has actively provided opportunities for such interactions (e.g. for project REFINE).

The numbers should be read with caution. Not all community members will have had the
advantage of receiving funding from EU calls, and there are many research and innovation
activities that go undetected in this way. We still decided to use the participation in EU-projects
as a gauge for the community presence and competency to carry through the necessary
activities and produce the envisioned outcomes in accordance with the roadmap.

From the compilation of the projects and partners (Figure 3 and Tables A1 and A2) it is clear
that there is a large coverage of the SUNER-C target area by the EU projects. However, the
targeted so-called sweet spot of photochemistry (artificial photosynthesis) currently needs
more research projects. As explained above, it is a research and innovation pipeline that could
offer higher efficiencies, better compound performance with less energy losses, and novel
technology routes that allow for decentralized production of solar fuels and chemicals with low
capex costs and more sustainability in the value chains.
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3 | Priorities of the ecosystem

The challenge of transitioning to a circular economy and mitigating climate change cannot be
solved by any single actor - be it politics, science, or industry. After forming a community, it is
necessary to define, reshape, and communicate the priorities of the community members and
other stakeholders. Structuring the ecosystem also means outlining the potential contributions
of community members to the creation of cost-effective, economically efficient value chains.
The community members also need to develop methods to align with the SUNER-C roadmap
and identify the most pressing targets in the short- and medium-term.

3.1 Formative ecosystem workshop

To stake out the priorities and map activities of the members of the innovation ecosystem, a
formative ecosystem workshop was held in July 2024, co-organized with T4.2, T5.2, and T7.2.
Selected stakeholders from different sectors were invited to participate in the workshop, where
dedicated discussions were held to obtain input from the stakeholder community, to define
and shape their priorities for the coming years. Stakeholders were given time to present their
input in the form of short (10 min) pitches of their innovation agendas, and by participating in
one of three structured breakout discussions.

15 stakeholder pitches were given:

e 10 from industrial stakeholders
o 3 from research institutes
e 1 from aventure capitalist
¢ 1 from an academic institution

In addition to the traditional pitches, the chair of an Energy Cooperative in Belgium was
interviewed about small-scale, decentralized and community solutions.

A short session with invited policy makers was also held, with speakers from the European
Commission (DG RTD and DG GROW)

3.1.1 Defining the breakout discussion questions

Before the workshop, some areas pertaining to developing the innovation ecosystem were
found to be particularly problematic and in need of clarifying:

1) For industry, de-risking is key to investing in new technology or new markets. Several
industrial partners in SUNER-C and in the larger SUNERGY community expressed the need to
discuss this issue in a neutral setting to avoid competitive blocking or jargon.

2) The photosynthetic devices that are at the core of the SUNER-C technological roadmap have
the unique selling point that they can be used in standalone systems for off-grid and
decentralized production of fuel. Though less attractive for economy of scale, this provides a
way to increase energy resilience and independence for single users and in communities.
However, concerns regarding the value and possible business models of decentralized and
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small-scale production. Even within the SUNERGY community itself opposing views have been
voiced on the usefulness of decentralized solar fuel production. It was thus decided that a more
thorough discussion on this topic was necessary.

3) The feasibility of making a circular and entirely solar-based production economically viable,
if not competitive, has been questioned and perceived as an uncertainty which poses a risk in
itself. This contributes to the difficulty of many actors from both industrial and political sectors
grasping the point of solar fuels; what it is, who it is for, and how you can make money out of
it. The uncertainty is detrimental to the robustness of the ecosystem itself, and we therefore
attempted to clarify the possible scenarios for business models to align the ecosystem.

Through an iterative discussion process, involving several partners from diverse sectors, the
three break-out sessions were selected to be focusing on:

1. Financial de-risking of sustainable fuels and chemicals
2. Centralized vs. decentralized solutions and business applications, cross-cutting issues
3. Development of genuine business models

While these topics result in overlap information with tasks in other work packages, the output
(answers) provided valuable information on the content of the innovation ecosystem, and most
importantly the priorities and actions of its participants in the stakeholder community.

3.1.1 Data collection - breakout discussion sessions

The three breakout sessions were held on both days of the workshop. The participants in each
session were selected to give a diverse group in each breakout room and given the task to
discuss three or four questions that were carefully chosen for each session. The questions that
were used as starting points for the discussions are listed in Tables A5-7 in the appendix. Below
follows a summary of the discussions with the most important conclusions in the beginning.

B> .

Figure 5. Breakout session during the ecosystem workshop.
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Session 1. Financial de-risking (Questions in Table A5)

Organizations represented by the participants: ArcelorMittal, DECHEMA, EERA, European Innovation Council,
European Commission, Fraunhofer ISl, Ghent University, ING, Leiden University/LURIS - KTO, Marble, SCHP CR,
Siemens Energy, SkyNRG, Synhelion, TOTAL ENERGIES, Utrecht University, VITO

The session was attended by several representatives of industrial stakeholders, as well as policy
makers. The discussions focused on the risks that may pose obstacles for companies that are
looking to invest in green manufacturing methods.

Some main conclusions and take-home messages of these discussions were:

e The cost of green manufacturing lowers the competitiveness vs. fossil-based products.

e Uncertainties in governmental regulation prevent industry from developing strategies
and leveraging long-term investments.

e The physical location of solar fuels technologies will affect its profitability and
competitiveness, which is a disadvantage for the EU compared to the rest of the world.

Participants focused their discussions on risks in competitiveness of solar fuels technologies
from different angles. There was a consensus around the idea that industries can mitigate the
risk of lower competitiveness of “green” technology vs. fossil-based traditional technologies, by
looking for specific opportunities and niches where new technology can be cost competitive.
One such example could be green steel.

To align with the EU policies for the energy transition and specific policy frameworks such as
e.g. The Clean Industry Deal, long-term consistency and predictability in government (EU)
policies are required. Interestingly, regulations and legislation are not perceived as
cumbersome or hindering per se, but the lack of consistency over time is seen as the culprit.
Rules need to be stable to justify long-term investment, otherwise European companies may
be outcompeted by producers in markets with more strict long-term regulatory control. Case
in point: China overtook the EU, US and UK together in clean energy transition investments for
the first time in 2024, posing a tangible threat to European competitiveness. The biggest driver
of the increased investments is in electric transport, but also Chinese renewable energy
investments exceeded the EU-US-UK by close to 50% in 2024. The participants also highlighted
that the commission could do more to help businesses understand and implement regulations.

The group discussed consumer engagement and customers’ willingness to buy new products.
There is always a small number of early adopters that are willing to pay a premium for new and
greener technology, but it may be necessary to have incentives on various levels such as energy
subsidies and CO, taxes, to establish a strong committment to pay for green technology
alternatives. Lowering the cost of green technology to be comparable to fossil resources might
be less feasible, at least in the short term if ever. Since 2020, the market for green molecules
has been growing despite producers of alternative fuels not increasing base material costs to
consumers. The reasons for this included the fact that policy incentives propelled investments
in sustainability goals, expanding the share in the new green market, but also preparing for
future climate legislation (World Economic Forum, 2023). Incentives on the investment level
may also exist and become more important as environmental ratings incentivize investment
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funds to go green. There seems to be some backing for the idea that acceptance of green
molecules is dependent on location and population density.

For solar energy in general, Europe is at a disadvantage compared to other regions in the world
with regards to solar insolation, and thereby the raw physics puts a limit on maximum efficacy
and profitability of solar energy technologies. To investigate this further, a viability study of the
most promising locations for implementing solar fuels production globally would be valuable.
Europe has a history of being at the forefront of research and innovation, which might give an
advantage that may compensate for poor solar energy profitability. The idea is that in Europe
as a knowledge-based economy, economic growth can be positively affected by R&D spending
originating from other regions. In other words, the EU can capitalize on its know-how,
generating high-quality technology to yield higher economic growth. Whether this concept is
still credible remains to be seen. The participants are of the opinion that there are no emerging
technologies in the EU that are close to implementation or that will disrupt the market. The
main reason for this is that solar fuels technologies are still perceived as far from being scalable.
Several solutions for solar fuels exist that have reached TRL5, but further development seems
to be hampered by technical challenges. Meanwhile, the PV market is booming in at least parts
of Europe, demonstrating that if technology has a competitive value and decent return on
investment, the market accepts lower than maximal energy outputs.

Session 2. Centralized vs. decentralized applications (Questions in Table A6)

Organizations represented by the participants: Leiden University, PLASMANT, Bond Beter Leefmilieu, CEA, CO2
Value Europe, Fraunhofer IGB, German Federal Ministry of Education and Research, Ghent University,
IMEC/EnergyVille, ICIQ - Institute of Chemical Research of Catalonia, Leiden University/LURIS, Solar Foods,
Toyota Motor Europe, University of Turku, University of Galway, Uppsala University, VITO

Under the umbrella term “decentralized production” the participants discussed different
scenarios where solar fuels and chemicals might be produced in a decentralized and off-grid
way. One of the core technologies in the SUNER-C roadmap is photosynthetic devices, for which
a unique feature is that they are meant to be standalone solutions for complete solar-to-
product production within a single instalment. The group spent some time discussing this
technology, but otherwise the discussion was mostly held on a more general level.
“Decentralized” in this context was taken to mean “small scale production, not at a large power
plant”. Other words to describe this user-focused solution could be ‘distributed’ and ‘off-grid’,
to highlight the foreseen possibility of having solar fuels production independent of grids and
transport infrastructure.

The main conclusions and take-home messages of these discussions were:

e An advantage for decentralized production is avoiding transportation and storage,
especially in solutions aimed at grid balancing, by short-term storage of renewable
energy in the form of molecules where the product is consumed almost immediately
after it has been produced.
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« Decentralized and standalone solutions for solar fuels production could have the largest
benefit in low volume applications. Examples of uses include off-grid production in
communities and farms, or production of specialized chemicals for specialized uses in
industrial clusters.

e Solar conversion efficiency is not the only driver for profitability or usefulness. For the
user/consumer, other dimensions, e.g. low CAPEX, grid independence, and ease of
instalment (plug-and-play) may be as important.

e Solutions for communities need involvement of the entire society in the energy
transition and activation of the citizens to assume responsibility and ownership of
production facilities.

The participants started by discussing what decentralized production entails, and for what
purpose it would be most suitable. It was concluded that 'decentralized’ is defined mostly in
opposition to centralized production where one producer, often an energy company, owns a
power plant or other facility, and sells the product to a large number of users and consumers
in the downstream market. Decentralization has less to do with the physical scale of the
solution, because decentralized production can range from individual instalments in e.g. farms
and small villages, to larger communities, towns, or even regions.

The participants agreed that decentralized production is probably not going to be competitive
or practical for large volume production at economy of scale. However, it can be a solution for
industry-specific, localized production facilities, where on-site production of chemicals or fuels
is controlled by a company that needs it in its own production. A current example of this is the
‘ereen steel' production plants that utilize green hydrogen produced by PV-electrolysis
methods. Another future possibility might be local production sites and refineries at airports
where sustainable aviation fuels (SAFs) are produced on site.

The participants discussed what products would most likely be useful for small- and medium-
scale producers, such as farms and communities. Methanol, ethanol, methane and hydrogen
gas are products that are used directly by consumers today and for which there is well-
established ways to use. In particular methane and hydrogen would be of high practical value
for communities and single consumers, as gases are easily separated from the liquid phase and
thereby would not need additional work-up before use. Other specific settings could be
hospitals producing ethanol to cover their own in-house usage.

The largest motivation for using solar fuels in general is to remedy the intermittency of solar
irradiation. By offering solutions for grid balancing and short- and long-term storage, it will
ensure a higher overall solar energy utilization. A characteristic of solar energy utilization that
is often raised as a weak point, is that the solar-to-fuel yield is dependent on local irradiation,
an impediment which speaks against large-scale implementation in Europe. However, the most
purposeful solution is not necessarily the most efficient one. For the end-user, good value for
money, or a product that is “good enough”, can be superior to one with supreme efficiency.
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Ease of instalment and maintenance and other day-to-day essentials are also key for the end
user. The unique selling point of decentralized production is that it can extend solar energy
usage also locally, through local, community- and consumer-focused usage.

A point raised in the discussion was that the innovation community often emphasizes
technological solutions, when societal aspects are the most important driver for the
development of solar fuels. The participants argued that the most important impacts of
decentralized production on society are energy security, resilience, and independence.
Standalone production instalments would be independent of power grids and transport
infrastructure. This results in energy resilience for the single user, but also for the energy
system as a whole. A system containing many independent units will be less vulnerable to grid
failure. It will ensure energy accessibility also in remote locations and regions with less
infrastructure coverage and can increase job opportunities and economic growth in a new
consumer sector.

Another aspect that was pointed out is that any future business models, as well as the impact
on society, are highly dependent on the ownership of production. Solid business models as well
as long-term policy and regulatory support are necessary to make the solution fully obtainable.
If local or regional instalments are owned by large corporations, some of the benefits of
regional or communal energy independence may be lost, and acceptance for new methods
may be hampered. If ownership can be attained by communities and private initiatives, it can
be a strong motivator to adopt new solutions. Granted that the investment costs are low
enough, and supportive government policies are in place, it will be feasible for communities
and farm cooperatives to install solar fuels production sites for their own profit. On the other
hand, if bigger investments are needed, they can more easily be handled by established
industrial companies. The participants of the workshop anticipate that larger companies can
take the responsibility of investing and providing the expertise to set up small-scale facilities. It
was the firm opinion of the participants that both independent community ownership and
corporate ownership can and should coexist.

Session 3. Genuine business models (Questions in Table A7)

Organizations represented by the participants: APRIA SYSTEMS SL, Avantium Chemicals, DECHEMA, Energy
Cooperative ZuidtrAnt, ENGIE, Ghent University, H2WIN, Heidelberg Materials Benelux, ICIQ - Institute of
Chemical Research of Catalonia, J. Heyrovsky Institute of Physical Chemistry, LanzaTech, LCT, UGent, Leiden
University/Leiden Institute of Chemistry (LIC), Shell, Syensqo, SYNEST, University of Antwerp, University of
Bucharest, Utrecht University, VICAT, VITO

The discussion revolved around the possibility to formulate credible and genuine business
models for solar fuels, in particular for the decentralized production solutions discussed in
another session. It proved to be the most difficult of the three topics, as solar energy-based
production methods are just emerging, and some of the most innovative and low TRL solutions
are not yet available to the market. The main conclusions of the discussion were:
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e There are opportunities to build manufacturing of solar fuels around municipal waste
facilities and other point CO, emitters. In combination with adjunct refineries this
provides a business model for municipalities and industry looking to utilize waste
streams as by-products.

e Thereis an opportunity for uptake of solar fuels solutions by energy communities, both
those that already exist and communities that may form in response to availability of
new solutions.

e As there are no transferable business models, new models need to be customizable to
local or regional conditions (as with energy communities).

The participants acknowledged that a new technology is a “solution” only if there is a serious
problem that it can solve, and started by defining the key problems that solar fuels will be an
answer to. Energy resilience is seen as a key problem, for which there is no common metric.
Research suggests that modularity, distributedness, and redundancy in energy systems and
infrastructure are key capacities contributing to resilience. To create energy resilience on the
European continent, it is important to take a holistic view. Mitigating climate change is
paramount, but it is also crucial to slow down the depletion of fossil resources. Today 90% of
petroleum oil is used as fuel, while many materials depend on petroleum that would become
costly when resources are dwindling. There is a real urgency to produce sustainable fuels and
use fossil resources more wisely.

The group discussed the question of SAFs, which often is brought up as a niche market for solar
fuels. It has been suggested that direct conversion methodologies cannot compete with large-
volume production methods for economies of scale. In this case, distributed, on-site and on-
demand production of solar jet fuels would be a ‘typical’ niche application. In contrast, some
participants argued that this is a distraction. The aviation fuel market affects a small number of
actors, instead the community should focus on the big issues. A counterargument would be
that aviation is difficult to electrify, so the need for special solutions for fuels should be taken
into account.

It was proposed that the community should focus on green hydrogen, as it is crucial for most
technologies. Although there is already a strong focus on clean hydrogen in the European
agenda, it should be emphasized that there is also a significant time pressure to develop new
solutions to mitigate climate change as well as increase energy security. Developing and
upscaling direct solar hydrogen production is foreseen by researchers to be simpler than
making carbon-based fuels from direct solar energy. Solar hydrogen could thus provide a
platform for accelerating innovation in other synthetic fuel manufacturing systems.

The discussion moved to identifying plausible consumers and markets for either solar fuels, or
technologies for solar fuel manufacturing. Energy communities could become a significant
implementing base for direct solar energy conversion. For a community owning its own
production facilities, by storing the intermittent solar energy in molecules, they can avoid
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fluctuation in energy prices and become energy self-sufficient. Other plausible stakeholders
would be industrial clusters with concentrated emissions, and waste treatment plants. The
systems should be flexible and customizable to local conditions, so a single technological
solution is not an option. The George Olah Renewable Methanol plant was mentioned as an
example. Finally, creating an open innovation environment is key for emerging technologies,
where smaller and larger companies share the generated IP before it is made available to the
market.

4 Conclusions and future outlook

In this deliverable we have presented the SUNERGY community and innovation ecosystem,
which consists of a guiding coalition of 108 European and international organizations (currently)
from different sectors of society, and a wider network of more than 200 supporter
organizations.

The priorities and contributions of the stakeholders in the innovation ecosystem took shape
during a formative ecosystem workshop in Ghent in July 2024. From the discussions and the
output of this workshop, it was observed that the opinions, concerns and interests of actors
from all sectors of society converge into common priorities for developing the research and
innovation agenda:

« Developing systems for manufacturing of solar fuels and chemicals within the next 5-10
years is of outmost importance for climate change mitigation and development of
resilience of the European energy system(s).

o Consistency and dependability of policies and regulations are key for the clean energy
transition on all levels, and for the realisation of the Clean Industrial Deal.

e Business and ownership models for solar fuels will be highly dependent on available
technological innovations. The SUNERGY community is optimistic about emerging
scalable systems that can be used for distributed and community-based solutions where
decentralized manufacturing of fuels and chemicals can contribute to energy resilience,
security, and justice.
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I

The table is also considered when identifying relevant stakeholders in the blueprint.

Stakeholders taking part in the SUNERGY mapping tool

Biotechnology e.V.

ST, Funded by
* * The European Union,
' Grant Agreement No. 101058481 30

Organization Name Country City

AIT Austrian Institute of Technology Austria Vienna
UCLouvain Belgium Louvain-la-Neuve
Belgian Nuclear Research Centre Belgium Mol
H2WIN Belgium Nivelles
CO2 Value Europe Belgium Brussels
Ghent University Belgium Gent
IMEC Belgium Leuven
EERA Belgium Brussels
Toyota Motor Europe Belgium Zaventem
European research Institute of Catalysis a.i.s.b.l. (ERIC) Belgium Brussels
TotalEnergies One Tech Belgium Belgium Feluy
Bond Beter Leefmilieu Belgium Brussels
Solhyd Belgium Leuven
Engie Laborelec Belgium Linkebeek
European Research Institute of Catalysis Belgium Brussels
CO2 Czech Solution Group Czech Republic Prague
J. Heyrovsky Institute of Physical Chemistry Czech Republic Prague
Association of chemical industry of the Czech Republic Czech Republic Prague
Danish Board of Technology Denmark Copenhagen
2-0 LCA Denmark Aalborg
University of Turku Finland Turku
Abo Akademi University Finland Turku
Solar Foods Oyj Finland Vantaa
Atomic and Alternative Energy Commission (CEA) France Grenoble (Paris)
Nantes Université France Nantes
Univ Grenoble Alpes / CDP-CO2challenge France Grenoble
Laboratoire d'Electrochimie Moléculaire - CNRS -
Université Paris Cité France Paris
IFP Energies nouvelles France Rueil Malmaison
Specialty Operations France France Saint-Fons (69190)
IMT Atlantique France Nantes
French Solar Fuels Network France Paris
Université Paris Cité France Paris
CEA-Saclay France Gif sur Yvette
VICAT France L'Isle-d'Abeau
DECHEMA Society for Chemical Technology and

Germany Frankfurt

www.sunergy-initiative.eu/suner-c
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Forschungszentrum Jilich GmbH

University of Stuttgart

Rheinland-Pfalzische Technische Universitat
Kaiserslautern-Landau

German Aerospace Center (DLR)

ESy-Labs GmbH

Fraunhofer Institute for Interfacial Engineering and
Biotechnology IGB

Projekttraeger Juelich (FZ Juelich)

Fraunhofer ISC

Uniper

Fraunhofer ISI

Technische Universitat Imenau

Paderborn University
Friedrich-Alexander-Universitat Erlangen-Nirnberg
University of Bayreuth

Covestro Deutschland AG

Siemens Energy

Helmholtz-Zentrum Berlin fiir Materialien und Energie
WIP Renewable Energies

SYNEST PC

HUN-REN Biological Research Centre, Szeged
BARDS Acoustic Science Labs Ltd.

Tel Aviv University

Weizmann Institute of Science

Politecnico di Torino

Consiglio Nazionale delle Ricerche

Alma Digit SRL

University of Messina (CASPE Catalysis for Sustainable
Production and Energy)

Luxembourg Institute of Science & Technology
ArcelorMittal

University Mohammed VI Polytechnique
Green Energy Park

Leiden University

TNO

Utrecht University

Photanol

Nordsol

NORCE

Jerzy Haber Institute of Catalysis and Surface Chemistry
PAS

Warsaw University of Life Sciences - SGGW

Centre of New Technologies, University of Warsaw
Funded by

The European Union,
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Germany
Germany

Germany
Germany
Germany

Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Greece
Hungary
Ireland
Israel
Israel
Italy

Italy

Italy

Italy
Luxembourg
Luxemburg
Morocco
Morocco
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Norway

Poland
Poland
Poland

Julich
Stuttgart

Kaiserslautern
Cologne
Regensburg
Stuttgart, Straubing and
Leuna
Berlin
Wirzburg
Duesseldorf
Karlsruhe
lImenau
Paderborn
Erlangen
Bayreuth
Leverkusen
Munich
Berlin
Munich
Thessaloniki
Szeged

Cork

Tel Aviv
Rehovot
Turin
Bologna
Messina

Messina
Esch-Belvaux
Luxemburg
Benguerir
Ben Guerir
Leiden

The Hague
Utrecht
Amsterdam
Bunnik
Stavanger

Krakéw
Warsaw
Warsaw

www.sunergy-initiative.eu/suner-c




Universidade de Aveiro
Necton S.A.
University of Bucharest
ICFO

Institute of Chemical Research of Catalonia (ICIQ)
IMDEA Energy

CIC energiGUNE

SOLDAC EU PROJECT (Coord. COMET GLOBAL INNOV.)
Universitat Jaume |

Institute of Advanced Materials, Universitat Jaume |
LEITAT

Orchestra Scientific

Chalmers University of Technology

Uppsala University

Copper Lavender AB

Liquid Wind

Swiss Federal Laboratories for Materials Science and
Technology (Empa)

EPFL

Universitat Zlrich

Carbyon

Universiteit Utrecht

Avantium

University of Amsterdam

TU/e-EIRES

Wageningen University

DIFFER

Bogazici University

University of Cambridge

Imperial College London

University of Salford

University of East Anglia

Phase Change Material Products Ltd (PCMP)
University of St Andrews

Imperial College London

University of Liverpool

Portugal
Portugal
Romania
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Sweden
Sweden
Sweden
Sweden

Switzerland
Switzerland
Switzerland

The Netherlands
The Netherlands
The Netherlands
The Netherlands
The Netherlands
The Netherlands
The Netherlands
Tuarkiye

United Kingdom
United Kingdom
United Kingdom
United Kingdom
United Kingdom
United Kingdom
United Kingdom
United Kingdom
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Aveiro

Olhao

Bucharest
Barcelona
Tarragona

Madrid
Vitoria-Gasteiz
Barcelona
Castelldn de la Plana
Castell6 de la Plana
Barcelona
Tarragona
Gothenburg
Uppsala

Uppsala
Gothenburg

Duebendorf
Lausanne
Zirich
Eindhoven
Utrecht
Amsterdam
Amsterdam
Eindhoven
Wageningen
Eindhoven
Istanbul
Cambridge
London
Manchester
Norwich
Peterborough
St Andrews
London
Liverpool
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Table A2: List of EU-funded projects under the scope of SUNER-C

(This is called Table A1 in the Blueprint)

Projects Total budget Number of partners Ending date
A-LEAF 7980 861,00 13 2021-06-30
ALFAFUELS 4757 391,00 14 2027-12-31
ALGAESOL 3997 156,00 2027-04-30
BIOCTANE 2 951 957,00 2026-10-31
CarbonNeutralLNG 3306 160,00 11 2026-08-31
CATART 2871775,00 9 2026-08-31
CONDOR 3989 116,00 10 2025-08-31
CONFETI 3992 976,00 9 2026-10-31
DAMA4CO2 2 975 275,00 7 2026-10-31
DECADE 5198 757,00 14 2024-04-30
DESIRED 3058 752,00 7 2026-10-31
e-CODUCT 7 022 265,00 9 2025-08-31
ECOMO 3776 701,00 2026-10-31
eQATOR 7 535 960,00 14 2025-10-30
E-TANDEM 3334 885,00 11 2026-04-30
FIREFLY 11 078 742,00 16 2026-12-31
Flexby 3993 682,00 10 2028-04-30
FlowPhotoChem 6 993 315,00 14 2024-09-30
Fuels-C 3774 066,00 11 2027-11-30
FuturolLeaf 2949 433,00 6 2023-08-31
HYDROCOW 3963 836,00 4 2027-08-31
ICONIC 3964 666,00 6 2027-10-31
LICROX 3199 603,00 7 2023-08-31
METHASOL 3999 634,00 14 2024-12-31
Mi-Hy 2 890 605,00 6 2027-10-31
NEFERTITI 3844 428,00 10 2025-06-30
NIAGARA 3965 334,00 10 2028-04-30
Photo2Fuel 2493171,00 8 2025-08-31
PHOTOSINT 4993 752,00 15 2027-08-31
POWER2Hype 10173 341,00 12 2026-12-31
REFINE 3925221,00 10 2027-10-31
S2B 4015911,00 8 2028-09-30
SoFiA 3205 280,00 9 2023-06-30
SolarCO2Value 2 373 125,00 1 2025-05-31
SolDAC 2 073 781,00 8 2025-08-31
SOMMER 4711516,00 8 2027-10-31
SOREC2 3084 266,00 8 2025-10-31

Funded by

The European Union,
Grant Agreement No. 101058481
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AL

-

SPOTLIGHT 5 604 959,00 13 2023-12-31
Steelanol 10192 515,00 4 2024-03-31
SUN2CHEM 2998 445,00 15 2024-04-30
SunCoChem 6 617 645,00 14 2024-04-30
SUNGATE 4 897 007,00 12 2027-09-30
SUN-PERFORM 4022 148,00 9 2028-10-31
SUN-to-LIQUID I 4 880 120,00 6 2027-10-31
Sun-To-X 5198 757,00 9 2024-02-29
SUPERVAL 3571708,00 8 2026-10-31
TAKE-OFF 4998 788,00 10 2024-12-31
VIVALDI 6 969 835,00 16 2025-05-31
Total budgets 222 368 622,00

Funded by o
The European Union, www.sunergy-initiative.eu/suner-c
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Table A3: Technology classification of projects

FreeHydroCells
LICROX
METHASOL

Class Project Class Project

A VIVALDI o

4th gen bioprocesses Mi-Hy Direct air capture, CO2 activation | SolDAC

Biocatalysis,cell factories S2B Advanced novel synthesis Kopernicus
ALFAFUELS CO2 capture (conc. Source) ICONIC
FuturolLeaf e-CODUCT
CarbonNeutralLNG CONFETI
Photo2Fuel CONDOR
NIAGARA PHOTOSINT
SusAlgaeFuel BIOCTANE
Flexby DAMA4CO2
ALGAESOL SUPERVAL
Fuels-C TAKE-OFF
ECOMO STEELANOL

B REFINE SOMMER

Biomimicry HYDROCOW SPOTLIGHT

Photochemistry SUN-PERFORM Circular Fuels

Nanotechnology SoFiA SunCoChem
DESIRED SUN-to-LIQUID I
A-LEAF SolarCO2Value
SUN2CHEM FIREFLY
Sun-To-X NEFERTITI
SOREC2 Bio-MeGaFuel
FlowPhotoChem DECADE
CATART BUTTERFLY
SUNGATE
E-TANDEM

Funded by

The European Union,
Grant Agreement No. 101058481
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Table A4: Community members in the projects

D1.3. SUNER-C Community & innovation ecosystem

[ Total €]|No. of Partners of the analysed projects that are found in the mapping tool
A-LEAF 7980 861 13 ICIQ, IMDEA, EPFL, Covestro Impreial college London Leiden University Forschungszentrum Julich GmbH
ALFAFUELS 4757 391 14 Uppsala University SkyNRG UCLouvain
BIOCTANE 2951957 6 IMDEA
CarbonNeutralLNG 3 306 160 1 Friedrich-A University g
CATART 2871775 9 University of Amsterdam Eindhoven University of Technology
CONDOR 3989116 10 Icla Universiteit Utrecht ENGIE Laborelec
CONFETI 3992976 9 CNRS
DECADE 5198 757 14 Forschungszentrum Jilich GmbH Icia ERIC
DESIRED 3058752 7 IMDEA University of Warsaw
e-Copuct 7022 265 9 U Ghent Total DECHEMA CNRS
ECOMO 3776701 5 Fraunhofer IGB CNRS
eQATOR 7535 960| 14 CNRS University of Stuttgart
FIREFLY 11078 742 16 ENGIE Laborelec VvITO UCLouvain
Flexby 3993 682 10 CEA
FlowPhotoChem 6993 315| 14 University of Amsterdam Icla EPFL DLR
Fuels-C 3 774 066 1 CEA VITO
FuturoLeaf 2949433 6 University of Turku CNRS
HYDROCOW 3963 836 4 Solar Foods Oyj
ICONIC 3 964 666 6 ICFO
LICROX 3199 603| 7 icia ICFO EPFL
METHASOL 3999 634 14 Imperial College London CNRS EPFL
Mi-Hy 2 890 605 6 UCLouvain
NEFERTITI 3844428 10 icia University of Galway
NIAGARA 3965 334 10 CEA EPFL
Photo2Fuel 2493171 8 Uppsala University University of Amsterdam
PHOTOSINT 4393752 15 Icia CNRS Université Paris Cité
POWER2Hype 10173 341 12 Fraunhofer IGB Friedrich-Alexander-Universitat Erlangen-Nirnberg Solvay Syensgo
REFINE 3925221 10 Apria Systems
S28 4015911 8 University of Turku Nantes Université Abo Akademi University
SoFiA 3 205 280 9 Uppsala University Leiden University University of Cambridge Politecnico di Torino
SolarCO2Value 2373125 1 eChemicles
SolDAC 2073 781 8 University of St Andrews
SOMMER 4711516 8 DLR Forschungszentrum Jilich GmbH
SOREC2 3084 266 8 ICFO
SPOTLIGHT 5604 959 13 TNO Imec Fraunhofer EPFL, DLR
Steelanol 10192515 4 ArcelorMittal LanzaTech
SUN2CHEM 2998 445 15 Leiden University Uppsala University IFP Energies nouvelles ICIQ, CNRS, EPFL, Imperial College London
SunCoChem 6617 645 14 CNRS Avantium Politecnico di Torino
SUNGATE 4897 007 12 Fraunhofer IMM, IME, ISC Icia Ghent University University of Stuttgart
SUN-PERFORM 4022148 9 University of Amsterdam
SUN-to-LIQUID I 4 880 120| 6 IMDEA DLR
Sun-To-X 5198 757| 9 ' Toyota Motor Europe CEA ENGIE EPFL
SUPERVAL 3571708 8 Icia Eindhoven University of Technology Forschungszentrum Jilich GmbH
TAKE-OFF 4998 788 10 TNO CNRS SkyNRG CVE
VIVALDI 6969 835 16 Avantium VITO CVE
Bio-MegaFuel 3797326 9 eindhoven University of Technology
BUTTERFLY 8318 327| 9 TNO ENGIE
CIRCULAR FUELS 4997353 9 CNRS
FreeHydroCells 3 748 300 7 CEA Aachen University
PRODIGIO 2452941 8 IMDEA
SusAlgaeFuel 3470878 8 University of Cambridge Fraunhofer UMSICHT
Total budget 238846431
Funded by

The European Union,

Grant Agreement No. 101058481
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Tables A5 - A7: Questions for the breakout sessions

Table A5: Questions for the financial de-risking breakout session

Question

Is there the need to build up a new
value chain to ensure cost effective
manufacturing?

What do you need for your company
to invest in new technology, and
what might be hurdles that keep
you from investing?

Is there a profitable market for
green technologies/products?

Which help do you expect from
SUNER-C as a guiding coalition?

Clarifications, follow-up questions

—Is completeness of the value chain critical for getting go-
ahead for investment?

—Who are the suppliers ensuring supply of materials?

—Is there a need to stimulate build-up or will it grow
organically?

—Based on the policy/market insecurity it might be difficult
as a company to project a path forward and determine
where investments should be directed.

—Will a coherent (EU) policy be sufficient to motivate
investments?

—Is the willingness to invest stimulated by other factors, such
as the “green” image of your company?

—Can you trust in the long-term stability of the market?

—Will it be influenced or supported by policy interventions,
geopolitics?

—Doyou see technologies around the corner that can disrupt
your product?

Examples:

e Technical/scientific advice and guidance

¢ Pushing policies and regulations for Solar-to-X products

e Joint R&D programs to share product development risk

e Communication on the role and value of solar fuels and
chemicals in the overall energy transition to help societal
acceptance

Assist by this in credit support to step into production

Table A6: Questions for the decentralization/centralization breakout session

Question

At what scale is decentralized
production feasible?

Considering a movement towards
decentralized production, what
socio-economic needs and benefits
have to be addressed?

Funded by
The European Union,
Grant Agreement No. 101058481

Clarifications, follow-up questions

—Individual, neighborhood, district, regional?
—Also consider infrastructure requirements.

— How do you foresee that decentralized production can be
done in a practical and economically viable way?
—How can it be implemented in a socially sustainable way?

www.sunergy-initiative.eu/suner-c
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For what kind of products would
decentralized production be most
suitable?

What challenges need to be
addressed to realize decentralized
solar fuels production?

What would be the motivating
drivers behind decentralized
solutions?

Who will control/own small and/or
decentralized facilities?

How to solve the NIMB (Not In My
Backyard) problem

D1.3. SUNER-C Community & innovation ecosystem

—Consider not only technological constraints, but also
economically viable and socially acceptable options.

—Infrastructure?
—Policy?

—Economic model?
—Financial de-risking?

What needs will it fulfill? Societal needs? individual
needs? Community needs?

Economic motivators?  Co-creation/co-ownership/
citizen participation/prosumerism?

Geographical vs, temporal benefits/constraints

Companies? Communities? Citizens? New (unknown)
players?

What is the role of traditional (large) companies for
decentralized (modular) production units?

Can decentralized small-scale production co-exist with
conventional centralized production?

Table A7: Questions for the genuine business models breakout session

Question

What is the problem that the
business model(s) need to be
solving?

Who is the customer?

Can you provide sustainable
solutions in a system that is

unsustainable?

Funded by
The European Union,
Grant Agreement No. 101058481

Clarifications, follow-up questions

—Climate change

—Short term storage of renewable energy
—Specific product generation?

—Energy security?

—Energy independence?

Examples:

—Communities, e.g. energy communities
—Cities, regions, waste-water treatment plants
—Industrial plants, “large emitters”

—Do we need to change our way of consuming, living?
—Is degrowth necessary?

www.sunergy-initiative.eu/suner-c
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How to develop the business model,  —What is needed to formulate the right problem to solve?

what should it be? —Should the business model differ for the near-term market
vs. the longer term to launch solutions?

—Platform solution or one-technology solution?

Table A8: Organizations with 10-minute pitches

Apria Systems (REFINE Project) ING Synhelion

Association of the Chemical LanzaTech (Steelanol | Toyota Motor Europe (Sun-To-X Project)
Industry of the Czech Republic Project)

CEA Shell University of Galway (FlowPhotoChem
Project)

ENGIE Siemens Energy VITO

European Commission (DG RTD, | SkyNRG ZuidtrAnt Energy Cooperative

DG GROW)

Heidelberg Materials Solar Foods
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