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Executive summary 
 
This document, D.4.3, Innovation strategy for the LSRI is a deliverable of the SUNER-C 

project, which is funded by the European Union’s Horizon Europe under Grant 

Agreement No 101058481.  

 

While the work in WP4 during the first Reporting Period was focused on T4.1 and the 

development of an Exploitation and Innovation Plan (D4.1), the development of a framework 

for de-risking industrial implementation and supporting societal acceptance (T4.2) and of a 

European innovation strategy for the LSRI (T4.3) represent the main WP4 activities in the 

second Reporting Period.  

This report summarizes key findings of task 4.3 proposing a four-step strategy to ensure that 

the LSRI derived research results and outputs are translated TO INDUSTRIAL ACTIVITEIS AND 

PRODUCTS, to make the research results appear in real life and for the industrial benefit of 

the European Community. 

The strategy is based on a four-step approach 

1. Need for scientific progress to demonstrate KPIs 

Scientific ideas need to be translated to strategic objectives that convey a great 

PROMISE that is accepted by the public. This releases fund to build a technology base. 

2. Build initial industrial innovation ecosystem 

Early transfer of technology (inclusive IP) to industrial innovators. A good example are 

fast moving product driven start-ups. 

3. Introduction via strategically supported key segments 

It is hard for a disruptive non-mature technology which needs huge scaling to deliver 

an initial business case. Starting points are individual cases where the customer is 

willing to pay more for a product (like green cosmetics, polymers) and where political 

will subsidizes the market (PV in Germany) 

4. Maturing of technology and roll-out 

When the technology is further developed and mature production methods are 

available, larger market segments become economically viable. Usually the roll-out of 

the technology is done by larger industrial players, often leveraging state support. 
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1. Introduction 
 

 

SUNER-C is a project that has received funding from the European Union’s Horizon 2020 

research and innovation program under grant agreement No 101058481. The project has 

officially started on 1 June 2022 and will last 36 months. Under the umbrella of the SUNERGY 

pan-European initiative, the newly funded SUNER-C program entitled “SUNERGY Community 

and eco-system for accelerating the development of solar fuels and chemicals” will strengthen 

the solar fuels and chemicals community within Europe. The European Union has awarded 4 

M€ to this project. 

 

The central objectives related to WP4 are:  

1. Develop a plan for the exploitation of SUNER-C’s results 

2. Elaborate recommendations for de-risking industrial implementation and supporting 

societal acceptance of solar fuels and chemicals 

3. Develop a European Innovation Strategy for the LSRI to support industrial uptake of 

solar fuels and chemicals 

While the work in WP4 during the first Reporting Period was focused on T4.1 and the 

development of an Exploitation and Innovation Plan (D4.1), the development of a framework 

for de-risking industrial implementation and supporting societal acceptance (T4.2) and of a 

European innovation strategy for the LSRI (T4.3) represent the main WP4 activities in the 

second Reporting Period. This report summarizes key findings of Task 4.3 (M19-M36) - 

European innovation strategy for the LSRI (lead SE, participants: UU, CEA, COV, AD, AVT, 

AM, VIC, SOLVAY, TEOTB) is set to begin at M19. 

 

We finalized the work on the European innovation strategy for Sunlight-to-X technologies and 

here report our findings. Since a European LSRI currently is not going to happen in the short-

term future, the initially planned “Science-to-Science” exploitation to foster S&T excellence in 

core and adjacent areas and the plans for emphasis on the “Science-to-Business” exploitation, 

which is innovation, needed to be modified. However, the societal need for sunlight-to-x 

devices” remain valid. Additionally, we need to consider that SUNERC is not on incremental, but 

on disruptive technology changes, see next figure. 

 

 

https://www.sunergy-initiative.eu/
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Based on this, a scheme for the generation of knowledge as common scientific ground for 

industrialization and the subsequent steps until roll-out on the market has been developed. It 

summarized is here, outlining an innovation process within four steps:  

 

1. Need for scientific progress to demonstrate KPIs. 

2. Build initial industrial innovation ecosystem 

3. Introduction via strategically supported key segments) 

4. Maturing of technology and roll-out 

 

The main purpose of this is the industrialization of the SUNERC Technology roadmap. on Solar-

to-X technologies which outlines a comprehensive technology strategy to drive industrial 

innovation in the field of solar fuels and chemicals. This strategy is designed to address the 

urgent need to defossilize energy, transport, and chemical sectors by 2050, leveraging 

renewable energy and abundant feedstock molecules like CO2, water, and nitrogen. The 

roadmap emphasizes the importance of a credible and collaborative approach to facilitate the 

implementation of solar-to-chemical conversion technologies. 

 

The primary strategic objective of the industrial innovation strategy is to enable a circular 

economy through the sustainable production of fossil-free fuels and chemicals. This involves 

Figure 1: SUNER-C Innovation. The classical innovation scheme with the immanent linkage between the 

siblings Research and Innovation (left side of picture) is based on a series of incremental innovation and 

subsequent return. This will not work in the case of disruptive SUNERC technology changes. So, another 

strategy  needs to be adopted, see remarks in the yellow star. 

CSA project and its eight work packages. The Exploitation and Innovation Plan (D4.1) is a deliverable of 
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the development and deployment of advanced technologies that convert solar energy into 

chemical energy, providing long-term storage solutions and fossil-free energy carriers.  

 

The Key Technological Approaches comprise two consecutive main system architectures 

to arrive at the goal (with respective sub elements). 

 

1. Two steps: usage of photovoltaics to convert sunlight into electricity and 

subsequent dark electrochemical conversion: 

• Advanced Electrolysis: Technologies such as alkaline, PEM, SOEC, and AEM 

electrolysis are crucial for producing hydrogen and other fuels. The roadmap 

highlights the need for further development to improve efficiency, reduce costs, 

and scale up production  

• Indirect Biohybrid Systems: Combining photovoltaics, water electrolysis, and gas 

fermentation to produce multi-carbon alcohols from CO2. This approach leverages 

the maturity of conventional electrochemical processes and the ability of 

microorganisms to synthesize complex hydrocarbons  

2. One Step: Direct Solar-to-Chemical Conversion: 

• Photosynthetic Devices: These devices convert solar energy directly into fuels and 

chemicals using simple feedstock molecules. The roadmap emphasizes the 

development of various device architectures to optimize light absorption and 

conversion efficiency  

• Solar-Thermochemical Conversion: Utilizing thermochemical cycles to produce 

fuels and chemicals from solar energy. The strategy focuses on improving 

efficiency and scalability through advanced reactor designs and heat management  

Please see here https://sunergy-initiative.eu/suner-c/technological-roadmap/ for more 

information.  

 

 

 

 

https://sunergy-initiative.eu/suner-c/technological-roadmap/
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2. Step I.: Need for scientific 

progress to demonstrate Key 

Performance Indicators 
 

 

A disruption in industrial markets in our Western free economies is not going to happen unless 

there is a huge driving force behind. Such a driving force is usually a strong narrative, that 

creates huge promises and expectations. Solar Fuels and Chemicals have the potential to 

deliver this. It is the promise that they are able to decarbonize our industrial system whilst 

building up huge new industry segments. These can be defendable against overseas 

competition since they are deep tech, IP protected and hard to copy, It is finally the promise to 

deliver unlimited economic growth without the depletion of resources. 

 

Please note that autocratic decision making in a strongly centralized political system may also 

create disruptions in industrial uptake, however this seems not to be the best way to unleash 

the power of free markets. 

 

To be successful, such a narrative needs three ingredients 

• The ability to deliver great promises 

Which is definitely given by the SunerC: Deriving all our energy carriers (fuel) and polymers 

from sunlight, which is an abundant source will allow massive economic growth , increase 

prosperity without depletion of economic resources. Sunlight is everewhere. 

• Full societal acceptance 

It is not the engineers which can drive this. The topic needs to be broadly communicated and 

societally discussed to come to an agreement. SunerC has the chance to do this, which is 

treated in separate deliverables. 

• Visible proof of concept 

The promises must to be based not wishful thinking but mandatorily need to be based on 

datapoints that show they are technically feasible. Science and Engineering must reach a 

point that decisive key aspects are demonstrated in prototypes which competitive 

performance. Here we see a quite heterogeneous picture in the SunerC technologies, which is 

discussed below. So a significant R&D effort will be needed to show that technologies 

pursued have the potential to perform economically competitive. 
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Looking into solar technologies it is up to now only silicon-based PV that delivered to these 

promises (see later chapter). It is fully accepted to deliver abundant energy and to be the 

cheapest source of energy in most regions of the world, 

Missing things in the two step approach: usage of photovoltaics to convert sunlight into 

electricity and subsequent dark electrochemical conversion is facing challenges and besides 

the undisputed opportunities. High systems costs, limited membrane durability, and the need 

for efficient process integration are some of the key challenges that need to be addressed. In 

opportunities the strategy emphasizes the potential for new discoveries and innovations in 

the field of solar-to-X technologies  

Missing things in the field of direct solar-to-chemical conversion, the one step approach, is still 

in an even more early state. This technology variant undisputable bears large chances for 

especially versatile decentralized applications in all its photo catalytical, synthetic biological 

and photothermal variants. Challenges are e.g. related to light absorption and conversion 

efficiency in photosynthetic devices. Demonstrated key performance indicators like sunlight 

to molecule conversion, the mastering of system complexity in decentralized systems with 

limited maintenance and product processing are usually significantly away from the industrial 

benchmark in using renewables with classical centralized conversion equipment. 

To come to a technological evidence-based support of the promises, a significant R&D effort is 

needed by leveraging the expertise of a diverse group of stakeholders, aiming to drive 

forward the development of sustainable and scalable solutions. Such a scientific effort needs 

to be up-front funded by policy makers. It is well spent taxpayers money to invest in green 

technologies that finally will build the basis for the growth of new European based 

industries. 

 

3. Step II.: Build initial industrial 

innovation ecosystem 
 

 

Once there are sufficient technical proof points the most promising technologies need to be 

translated from the research labs towards an industrial innovation ecosystem, which will form 

the basis for a later industrial supply chain. Note, for a disruptive technology, such an 

ecosystem usually does not exist, it needs to be newly created, fuelled by the proven promises 

of the technology which are additionally societally accepted. 
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Innovation Ecosystem 

The roadmap underscores the importance of a collaborative innovation ecosystem involving 

academia, industry, and policy makers. This ecosystem is essential for aligning diverse 

stakeholders towards a common vision and fostering concrete exchange and collaboration  

Key elements of the building of this ecosystem include: 

• Workshops and Stakeholder Engagement: Regular workshops and meetings with 

high-level experts to gather input and align the community towards the commons 

vision  

• Open and Inclusive Working Groups: The ecosystem development is organized 

around open working groups that include experts from various fields, ensuring a 

comprehensive and inclusive approach  

• Implementation and Milestones. A roadmap sets out near-term and medium-term 

milestones for the development and deployment of solar-to-X technologies. These 

milestones are designed to guide the innovation process and ensure that the 

technologies are ready for large-scale deployment  

 

The role of early start-ups 

Start-ups can play a pivotal role in implementing solar-to-X technologies by leveraging their 

agility, innovation capacity, and risk-taking culture. Their power can be harnessed by:  

• Rapid Prototyping and Iteration: Start-ups can quickly develop and test novel green 

fuel technologies, such as solar-to-fuel systems or bio-based conversion methods, 

without the bureaucratic inertia often found in larger organizations. 

• Cross-Disciplinary Innovation: With lean teams and flexible structures, start-ups are 

well-positioned to integrate insights from photochemistry, electrolysis, and mechanical 

engineering—key areas identified in the bundle-6658f1fd5add4.pdf workshop—to 

create holistic solutions for CO₂ conversion. 

• Driving Societal Engagement: Start-ups often have strong communication channels and 

community ties, making them effective at raising awareness and building public support 

for sustainable fuel alternatives. 

 

Such innovation ecosystems need to safeguard that the developed technologies remain in 

Europe. One measure already discussed is IP and Know-How protection. There is an additional 

even more powerful mechanism. An innovation ecosystem lays the foundation for a later 

industrial supply chain that is essential for later stage cost competitive production facilities. 
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4. Step III.: Introduction via 

strategically supported key 

segments 
 

 

 

It is a given fact, that a new “first of its kind” technology will not be cost competitive in 

commodity applications. This is due to the heavy financial burden of development of new 

manufacturing methods and missing scale of production to bring specific costs down. So 

carefully selected segments need to be targeted. 

 

Smaller start markets where the customer is willing to pay more for solar products is a natural 

option here. This is related to the fact that customers are willing to pay for visible “fancy” 

products. Known examples are ingredients e.g. for cosmetics or visible applications of green 

polymers like green reusable coffee mugs or green clothing and household products etc. 

Despite being small, these markets provide first experience for the industrialization of solar-to-

X technologies. 

Carefully selected state subsidies for key segments can kick-start the adoption of a new 

technology. A good example were the former state subsidies for PV in Germany which locally 

kick-started this technology. Green fuel for first steps in selected mobility variants like aviation 

applications might be an example, where we already see that first pilots not for scale but for 

technology demonstration that are very well received. 

Leverage the imagination of start-ups for niche Market Penetration: Start-ups can target 

specific applications or regions with tailored green solutions, maybe even green energy 

solutions, helping to decentralize production and build early adoption pathways that later feed 

into broader industrial strategies. 

 

These first technology adoptions help to get trust in the new technology and prepares the next 

step, where the technologies finally need to be bankable to allow large scale investments for 

the industrial roll-out and scale-up. 
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5. Step IV.: Maturing of technology 

and roll-out 
 

 

 

The main example for a solar technology rolled out to the size of the energy system is 

Si-photovoltaics. 

 

 
 

 
 

When it first came to the market, PV was not at all price competitive, but the narrative 

and the promises of the technology resonated very well. During the enthusiasm & 

subsidies supported phase it gained industrial trust – became bankable – releasing 

investments in PV farms leading to scale and roll-out the technology. 

 

Here large industrial players must come into the play. Only they have the capability to 

set-up and operated large manufacturing plants and serve large markets. To scale and 

roll out a green fuel technology originally initiated by a start-up, a strategic partnership 

with large industrial players can be structured in several coordinated phases: 

 

1. Validation and Visibility 

Start-ups often begin with a promising prototype or pilot. To attract industrial 

engagement, they  

Figure 2: Scaling of Photovoltaics (+ Wind) to the size of the energy system. It used to be driven by 

enthusiasm & subsidies, now it is driven by business models 
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• Demonstrate technical viability through pilot projects, ideally in collaboration 

with academic or public institutions. 

• Publish results in peer-reviewed venues or present at industry workshops (like 

the Lorentz workshop on solar fuels  

 to gain credibility and visibility. 

2. Strategic Alignment with Industry Needs 

Large industrial players are more likely to engage when the technology aligns with their 

long-term goals: 

• Map the start-up’s innovation to existing industrial decarbonization 

roadmaps (e.g., hydrogen, DAC, or synthetic fuels). 

• The decarbonisation roadmaps are often fuelled by CO2 taxes, which is a 

legitimate way to share CO2 related costs of the community. 

3. Co-Development and Risk Sharing 

Once interest is established: 

• Form and execute joint development agreements (JDAs) where the start-up 

provides the IP and agility, and the industrial partner contributes engineering 

scale-up, regulatory expertise, and capital. 

• Use milestone-based funding to de-risk the investment for the industrial 

partner. 

4. Infrastructure and Market Access 

Industrial players can accelerate rollout by: 

• Integrating the technology into existing production or distribution 

infrastructure (e.g., electrolyzers, chemical plants). 

• Leveraging their supply chain and customer base to create early markets for 

the green fuel. 

5. Policy and Public Funding Leverage 

• Collaborate on public-private partnerships to access EU or national funding for 

scale-up. 

• Use the industrial partner’s lobbying power to shape favourable regulatory 

frameworks e.g. for green fuels. 

6. Long-Term Integration or Acquisition 

• If successful, the industrial partner may license, integrate, or acquire the start-

up’s technology. 

• Alternatively, the start-up can remain independent but become a preferred 

technology provider within the industrial partner’s ecosystem. 

 

At this stage an optimised industrial supply chain needs to be in place, which can be developed 

out of the former innovation ecosystem (Step II). At this time the solar-to-x technology can 

compete with the existing optimised supply chain of fossil technologies. 
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6. Conclusion 
 

 

 

The SUNERGY Roadmap on Solar-to-X technologies provides a strategic framework for 

industrial innovation in the field of solar fuels and chemicals. By focusing on advanced 

electrochemical and direct solar-to-chemical conversion technologies, the roadmap aims to 

enable a circular economy and contribute to the defossilization of energy, transport, and 

chemical sectors by 2050.  

 

A strong collaborative research approach is considered to be the key element to kick-off 

innovations based on this technology strategy. Since this is a disruptive technology change, the 

research cannot be fed by the classical industrial innovation cycle but needs to be fed by public 

investments in the future. Once KPI’S of the technology are shown and are scientifically 

validated (= promise of the technologies), this will create significant expectations . 

 

These expectations need to be discussed with and approved by the society. Once the 

expectations are validated and commonly shared, this will create an unstoppable desire of 

industrial stakeholders to step in. New industries need to be built to deliver a closed supply 

chain, similar to what we have seen in PV. An industrial take-up needs to start with products, 

where a business case exists, so clear milestones are essential for driving forward the 

development and deployment of these transformative technologies. 

 

We all need to work to ensure that the technology rollout remains in Europe,. It is no 

contradiction to manufacture the solar-to-X technologies in central Europe and deploy in sun 

rich areas. Also, deployment in Europe needs not to be underestimated and national 

governments need to do a good job to foster this for geostrategic considerations and for the 

reason of our energy autarky. 

 

 

 

 

 


