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Three pathways towards carbon 
neutrality

→ Increase in energy efficiency and circularity:

waste becomes a feedstock

→ Massive electrification of industry and households

→ The need for molecules:

from green hydrogen to renewable synthetic hydrocarbons
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Sustainable fuels and chemicals from renewable energy, CO2 and water

“E-fuels” are synthetic fuels and chemicals generated from water, renewable electricity and simple molecules such 

as carbon dioxide or nitrogen. The final products are (more or less) complex molecules ranging from hydrogen and 

methane to even synthetic diesel.

“Solar fuels” are produced from directly storing solar energy in the form of chemicals bonds.

There will not be one fuel/chemical taking the entire market share. We will rather see co-existence of different solutions 

based on specific site and industrial environment conditions.
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Sustainable fuels and chemicals: opportunities for the energy system
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Sustainable fuels and chemicals: merit order of applications

E-fuels will be required in sectors, where using electricity either leads to a higher marginal abatement cost or where 
electricity can simply not do the job.

Figure Source: Ueckerdt, F., et al.,  2021, Nature Climate Change. https://dx.doi.org/10.1038/s41558-021-01032-7

Alternative fuels:
are costly
and require a large capacity of renewable
energy.

They are a precious resource which can 
help to complement the direct 
electrification of industry, transport and 
society. But they have to be used only for 
applications where they have the 
greatest impact.
For those hard-to-abate sectors, 
alternative fuels are indispensable.
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Sustainable fuels and chemicals: a way to decarbonize iron and steel industry.

We must not only build new clean (electrified) industrial plants, BUT also address emissions from EXISTING infrastructure.
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Sustainable fuels and chemicals: A broad range of conversion technologies. 

Technological context:

• Emerging domain;
• A broad range of possible technologies and combinations of them
• with different unique selling points and maturity is characteristic to this field.
• It is crucial to not lose focus and concentrate on the most impactful pathways.

→ Roadmapping, de-risking with pilot demonstration, standardized techno-economic assessments, etc. ... 
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Example: What is the best pathway to make renewable syngas?

Diverse strategies for a defossilized syngas production exist. In Some, hydrogen from water splitting is essential. 

➢ 3 syngas production routes:

▪ LT H2O electrolysis + RWGS

▪ HT H2O electrolysis + RWGS

▪ HT CO2 and H2O co-electrolysis

➢ CO2 source:

▪ Centralized: → Industrial CO2

▪ Decentralized: → Atmospheric CO2

➢ What is the optimal strategy for syngas 

production from CO2 and H2O from a 

techno-economic perspective?
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A roadmap on alternative fuels 
and chemicals

Context:

→ A solid basis of existing work;

→ A broad range of diverse stakeholders;

→ A broad range of technological approaches and products.
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Sustainable fuels and chemicals: A solid basis of existing work. 

• Scenario analysis: IPCC’s Sixth Assessment Report, European Union’ 2050 Long-term 
Strategy, Global Powerfuel Alliance’s study, etc. 

• Technological roadmaps: SUNRISE technological roadmap on solar fuels and 
chemicals, Energy-X’s Research Needs, Mission Innovation’s Challenge 5 report, etc.

With an increasing awareness of the urgency to align and act on the national and 
international level, these last years produced several high-quality documents.

https://www.ipcc.ch/assessment-report/ar6/
https://ec.europa.eu/clima/eu-action/climate-strategies-targets/2050-long-term-strategy_en#:~:text=The%20EU%20aims%20to%20be,net%2Dzero%20greenhouse%20gas%20emissions
https://www.powerfuels.org/news/publikationsdetailansicht/pub/study-powerfuels-in-a-renewable-energy-world-global-volumes-costs-and-trading-2030-to-2050/
https://sunriseaction.com/sunrise-releases-its-technological-roadmap-to-a-clean-energy-eu/#:~:text=The%20SUNRISE%20technological%20roadmap%20is,building%20a%20climate%20neutral%20EU.
https://www.energy-x.eu/research-needs-report/
http://mission-innovation.net/wp-content/uploads/2021/03/Converting-Sunlight-into-Solar-Fuels-and-Chemicals-MI-Challenge-5-roadmap-Feb-2021-final.pdf
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Sustainable fuels and chemicals: A broad stakeholder community. 

• Academic level: diverse, isolated 
communities have to be connected. 

• Industrial demonstration: No single player 
can stem this alone, and the collaboration 
of different industrial stakeholders is 
necessary. 

• The financial intervention of governmental 
bodies and a clear regulatory framework
are crucial for de-risking. 

• To accelerate innovation, it is of utmost 
importance to bring diverse realities 
together and to develop a common 
language.

Who has to be addressed?
Leaders from industry and governmental 
bodies to ensure concrete implementation
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SUNERGY Roadmap: Technological 
portfolio

→ Indirect routes: Electrochemical conversion & solarthermal conversion

→ Direct routes: Photosynthetic devices & biological conversion

→ Sustainable carbon capture: synergies with conversion technologies
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SUNERGY Roadmap: Two main technological approaches

1) Portfolio of relatively mature technologies: large-scale centralized energy supply, multiple steps 
2) Artificial photosynthesis: inspiration from nature, in once step solar energy, water and carbon dioxide 
are transformed into carbon-based compounds.

Figure Source: R. van de Krol, B. A. Parkinson (2017) MRS Energy & Sustainability, 4, e1;
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SUNERGY Roadmap: Guiding principles for tech selection

A broad range of possible technologies with different unique selling points and maturity is
characteristic to this field. It is crucial to not lose focus and concentrate on the most impactful
pathways when developing future milestones.

Overarching goal: to store solar energy directly in the form of 
chemical bonds - at scale, on a time horizon from NOW to 2050. 

→ All direct conversion approaches (purple)
→ Mature multi-step approaches driven by industry, but:

additional condition: Integration
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Multi-step conversion: focus on electrochemical conversion routes

Alternative: Solarthermal conversion 
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Direct conversion: Photosynthetic devices and biological systems

A manifold of device architectures and various conceptual approaches
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Biologically-driven conversion - not to be confused with traditional biofuels.

Microorganisms use a renewable energy source to convert a given, non-biomass-based feedstock into a valuable product.
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Sustainable CO2 capture: explore synergies between capture and conversion

• Depending on the specific application and 
gas stream characteristics, one or the other 
will be the method of choice.

• The scales of CO2 provision have to be 
matched with CO2 utilization.

• Cost reductions can be achieved by 
optimizing these two bricks with respect to 
each other. 

Example Direct Air Capture: 
Strong synergies with efuel 
production.

Different types of carbon capture technologies are available, at different maturity levels. 

Circul’Air fuel concept in ENGIE’s emerging sustainable technologies 2022 document, in press

@ENGIE Circul’Air fuel concept 



2509/09/2022 ENGIE 2022

The need of de-risking through 
collaborative R&I projects 

→ The technical and economic challenges are too large to be tackled by one 
research institution or company alone.

→ All stakeholders of the value chain must join forces - from the green energy 
producer, to the clean tech developer up to the off-takers.

→ The different bricks must be optimized in a holistic way to enable the 
affordable production of carbon-neutral fuels and chemicals.
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Research collaboration initiatives 

such as SUNERGY are crucial!

SUNERGY’s approach:

→ Combine innovation on near-term 

technologies and disruptive concepts 

→ Holistic: From green hydrogen, to e-

fuels to solar fuels
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Pathfinder

EXPLORE

Pathfinder Open: bottom-up 
approach; no predefined topics

Pathfinder Challenges: top-down 
challenge-driven calls for tackling 

specific issues by portfolios of 
projects

Transition

EXPLOIT

Transition Open: no topic 
prescription

Transition Challenges: selected 
challenges

Accelerator

SCALE-UP

Grant Funding

Equity Funding

Business Acceleration Service

EIC Support Schemes for EU Deeptech Innovation

EIC Fund: VC fund – EC shareholder / Bridging equity funding gap at early stage / Crowding in other investors

Business Acceleration Service: access to advice, to business partners and to innovation ecosystems & peers
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Thematic Portfolios & content-wise approach

Introduction to EIC Green Technologies Thematic Portfolios

Renewable Hydrogen

Energy storage

Solar conversion technologies

Energy harvesting and conversion

Nature-derived technologies

Climate and Environment

Pathfinder 
and 

Transition 
Thematic 
portfolios
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Thank you!


