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The “Fuel Design Process” as an Integrated Approach between Propulsion and
Production Technology

The Fuel Design Process
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K. Kohse-Hdéinghaus, Angew. Chem. Int. Ed. 56 (2017) 5412-5452.
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From 2"4 FJRG Conference:
Blend of 80% v/v Diesel and 20% v/v 1-Octanol Very Close to EN590 Limits!

Unit EN590 80% Diesel 50% Diesel 1-Octanol EN590
Diesel 20% 1-Octanol  50% 1-Octanol* Limits
Boiling Range °C 180-350 180-350 180-350 195
Amount Evaporated
2500;’ % ViV 19.1 399 % 60.1 ¥% ~100 €2 < 65
Amount Evaporated
P % ViV 94.7 058 %% 97.35 % ~100 > 85
350°C
Calorific Value MJ/kg 42.9 41.8 40.5 38.2
Density (15°C) kg/m?3 834 g3s &% 836 &% 837 820 - 845
CN / DCN* - 52.3 49.1 126 €3 33.8 €2 >51
Oxygen Content % m/m 0.14 2.9 6.22 12.3
Vapor Pressure mbar <1 <1 <1
Kinematic Viscosity =~ mm2's 3 36 % 4.5 57 €3 2-45
EinEl|gy o KJ/Kg 358 412 460 562
Vaporization
Flame Point °C 78 79 % so &% 81 > 55
* interpolated (mass/volume or molar quantities)
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From 2"d FJRG Conference:
Blend of 80% v/v Diesel and 20% v/v 1-Octanol Shows up to 60% Soot Reduction
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After 2nd FJRG Conference:
The 1-Octanol Blends Have Been Proofed in Vehicle Tests as Well

ENGINE-OUT EMISSIONS
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Conclusion from This Results: Alkane-Alcohol Blends Show High Emission
Reduction Potential with Very Good Drop-In Capability

branched Alcohol
n-Alcohol (> C5)

Alkane

Slide 7 of 19 Tailor-Made Fuels from Biomass Rm
21st of September, 2018 , KRAFTSTOFFE FUR DIE MOBILITAT VON MORGEN, 3. Tagung FIRG ' Tailor-Made Fuels
B. Lehrheuer, Institute for Combustion Engines, RWTH Aachen University - from Biomass



Fischer Tropsch Synthesis: a Well Known Process Since Decades

State of the art | <ca

C5-C9 Fischer-Tropsch Diesel
Fischer - Tropsch & (GtL, CtL, ...)
: C10- C20 4 420,000 BarreiiDay
Gas. Coal .| >C20 Hydrocracking

Alkanes

C10 — C15 Alkanes
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Fischer Tropsch Synthesis Coupled with Hydroformylation is a
Technically Controllable and Scalable Process

State of the art | <ca

C5-C9 Fischer-Tropsch Diesel
Fischer - Tropsch ¢ (GtL, CtL, ...)
: C10-C20 4 420,000 Barrel/Day
Gas. Coal .| >cC20 Hydrocracking Sl — il b
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Fischer - Tropsch & C7 — C15 Alkanes
c10-C20 g C6-C11 Alcohol
Electricity, .| >C20
Biomass, CO, Alkanes + Alkenes
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Power-to-Liquid Based on Fischer Tropsch Synthesis is a
Promising Path Towards Sustainable Synthetic Fuels

Chemical Synthesis
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Carbon-neutral Fuels
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Fischer Tropsch Synthesis Allows a High Variability in Fuel Compositions
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Due to Variable Fuel Compositions, the Combustion Behavior
Can Change Significantly — a Challenge for the Engine Control System

COMBUSTION ANALYSIS OF DIFFERENT FUELS AT CONSTANT INJECTION RATE
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Digital Combustion Rate Shaping (DiCoRS): M [
Control Approach to Compensate for Varying Fuel Properties IFE“/
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Source: NEUMANN, Daniel et al.;: Power-to-Liquids — Kompensation variierender E-Fuel Zusammensetzungen mittels Digital Rate Shaping.
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DiCoRS Compensates Successfully the Varying Combustion Properties
of All E-Fuels — Benefit in Soot Emissions with Oxygenates
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DiCoRS Compensates Successfully the Varying Combustion Properties
of All E-Fuels — Benefit in Soot Emissions with Oxygenates
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Fischer Tropsch fuels allow a simultaneous reduction of soot and NO,
emissions, a coordinator can be used to identify the optimum

IMPROVEMENT OF THE SOOT/NO, TRADE-OFF
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After 2nd FJRG Conference:
The 1-Octanol Blends Have Been Proofed in Vehicle Tests as Well
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Conclusion from This Results:
Alcane/Alcohole Blends Show High Emission Reduction Potential

Chemical Synthesis
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