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Different technology options and synergies
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State of development along the 
innovation chain 

1 | Observation 

and description of 

the basic principle

2 | Description and 

application of a 

technical solution

3 | Experimental 

proof of the 

technology

4 | Technology 

validation in 

laboratory scale

5 | Technology 

validation under 

relevant operation 

conditions

6 | Demonstration 

of prototype under 

relevant operating 

conditions

7 | Demonstration 

of prototype in 

operation

8 | First-of-ist-kind 

demonstration in 

full scale

9 | Proof of 

successful 

deployment

 Technology 

Readiness 

Level

(TRL)

Basic research Applied research Technical development Market entryInnovation chain

Typical schedule of realization
until market launch

8 to > 15 years 3 to 8 years 1 to 4 years

1 | Documentation 

of basic principles 

2 | Definition of 

technology 

concept

3 | Concept in 

testing phase

4 | Preliminary 

technical 

evaluation

5 | Process 

validation

6 | Technical 

evaluation in 

large scale

7 | Fuel 

certification

8 | Validation of 

commercialization

9 | Establishment 

of production 

capacities

 Fuel

Readiness

Level

(FRL)

10 | Market 

integration
11 | Markt stability

Technology stageFuel engineering Fuel qualification Deployment stage

Fuel stages

Validation of 
business model 
and negotiation of 
sales contracts.

Operation of a 
plant on a 
commercial scale.

Theoretical design, raw material analysis and labscale 
production. Analysis of main chemical properties. 

Study of the application in engines/
vehicles. Analysis of fuel properties.

Fuel evaluation under real conditions 
and qualification according to 
relevant standards.
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Market etablishment
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Many technical routes 
for synthetic / e-fuels
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Hydrogen provision

Syngas provision

Synfuel production

H2/CO
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Process
Feedstock group 

Examples
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Product with 
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Syngas provision

Synfuel production
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Process
Feedstock group 

Examples

CO2 Usable, biogenic CO2 source

Product with 
TRL scale
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State of development

Option Technology 

Readiness (TRL)

Capacity Research and development (examples)

Vegetable oil 11 DE: 168 PJ Use as fuel in agriculture and forestry sector as well as for off-road applications 

Biodiesel (FAME) 11 EU: 759 PJ Diversifying of resources (used cooking oils and animal fats)

HVO/HEFA 11

8 (biocrudes)

EU: 289 PJ Diversifying of resources (like FAME and additional biocrude like pyrolysis oil);

Flexibilization of product portfolio (diesel, jet fuel, naphtha and gases);

SynBioPTX: use of green hydrogen for hydrotreating 

Ethanol 11 (sugar, starch)

8 (lignocellulosic, 

residues)

EU: 227 PJ

EU: 27 PJ

Diversifying of resources (lignocelluloses, industrial residues)

Downstream processing to synthetic aviation fuels;

SynBioPTX: CO2 recovery for syntheses with green hydrogen 

Biomethane 11 (anaerobic) EU: 68 PJ Diversifying of resources (unused resources according RED II Annex IX A);

Liquefication to renewable LNG;

SynBioPTX: CO2 recovery for syntheses with green hydrogen

Hydrogen 9 (electrolysis)

5 to 8 (others)

EU: < 1 PJ BECCU/S: methane pyrolysis;

Seawater treatment;

Product synthesis of follow-up products

Synthetic fuels

(BTX, PTX)

3 to 8 EU: 1 PJ Fuel synthesis (e.g. methane, methanol, paraffinic fuels, oxygenates, alcohols-

to-fuels);

SynBioPTX: biomass as renewable carbon source


