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1) Vegetable oil as substitute to Diesel -
characteristics

Vegetable oil - characteristics

-Gained out of the plant (e.g. rapeseed) by pressing and filtration

Typical triglyceride structure

-Vegetable oil consists to 98% out of 
triglycerides
3 fatty acids (=glyceride) combined with 
a central molecule complex (glycerin)

-Current quality standard which defines 
the accompanying substances: DIN 
51605
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1) Vegetable oil as substitute to Diesel -
characteristics

Vegetable oil - characteristics

-Each plant with it`s typical fatty acid structure, e.g. rapeseed influences:

•Fusing point
(increases with C-
chain length, 
decreases with 
number of double 
bounds)

•Cold filter plugging 
point
(decreases with 
higher number of 
unsaturated fatty 
acids)

Impacts on cold temperature behaviour
Also: impacts on combustion behaviour 
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Vegetable oil - characteristics

-Comparison DIN EN 590(Diesel fuel) DIN 51605 (Rapeseed oil)

Parameter Dimension Diesel Rapeseed oil

Density (15°C) kg/m³ 840 920

Viscositiy, kinematical (40°C) mm²/s 2,6 26

Caloric value 1 MJ/kg 42 37

Surface tension (85°C) mN/m 22,5 29

Heat conductivity (85°C) 3 W/m K 0,125 0,085

Flash point P.M. 1 °C 64 257

Boiling point 10%2 °C 210 270

Boiling point 95%2 °C 350 - (Cracks at 55%, ≈350°C)

[1] Deutsches Institut für Normung e.V.(2010): „DIN EN 590 - Brennstoffe für Kraftfahrzeuge-Dieselbrennstoff - Anforderungen und Prüfverfahren“
[2] Wichmann, V. (2008): Konzepte und Betriebsstrategien für die Nutzung von Rapsölen in Verbrennungsmotoren für den Einsatz in Landmaschinen, Dissertation, 

Lehrstuhl für Kolbenmaschinen und Verbrennungsmotoren, Fakultät für Maschinenbau und Schiffstechnik, Universität Rostock
[3] Golovitchev V., Yang J.: The construction of the combustion models for RME Bio-Diesel fuel fore ICE application; Department of applied meachnics, 

Chamlmers University of Technology, S-412 96, Göteborg, Schweden

1) Vegetable oil as substitute to Diesel -
characteristics
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Vegetable oil - characteristics

-Comparison Diesel fuel Rapeseed oil

Viscosity

Impacts pumpability
Strong influence on injection process

1) Vegetable oil as substitute to Diesel -
characteristics
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Vegetable oil – injection spray
Visual comparison of fuel sprays Diesel (above), rapeseed oil (below), 1ms after SOE

Reference:

Wloka, J.A., Hubert, A., 
Wachtmeister, G. (2010): 
Injection Spray 
Comparison of Diesel Fuel 
and Cold Pressed 
Rapeseed Oil Fuel, ILASS 
– Europe 2010, 23rd 
Annual Conference on 
Liquid Atomization and 
Spray Systems, Brno, 
Czech Republic, 
September 2010

Diesel Rape 
seed oil

1) Vegetable oil as substitute to Diesel -
characteristics

Fuel: Diesel

Fuel: Rapeseed Oil

Larger hydraulic delay at given boundary conditions
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2) Challenges for an optimum operation

Deposits due to:

•(unfavourable) associated material within the fuel
•“Suboptimal combustion engine”: hardware (heeting, cooling), software (ecu 
maps), especially injection strategy with state-of-the-art common rail engines

New injector Used injector after 
comparable short operation 

with moderate amount of 
unfavourable associated 

material (P, Mg, Ca, K, Na)

With using 2nd generation 
veg. fuels: decreasing 

desposits

Detailed mechanisms have to be clearly clarified and are objects of 
research
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2) Challenges for an optimum operation

Increasing CO & PM emissions in partial load operation

For low emission operation also with high air-fuel ratios: ICE operation 
strategy development

Measurements within the EU funded project „2ndVegOil“ with JD CD6068HL481

CO curve subject to air-fuel ratio ∆PM shell scheme map partial load 
operation, Difference between Diesel 

and Rapeseed oil operation
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2) Challenges for an optimum operation

Examples for an optimized operation & injection strategy

•Obviation of spray-wall-contact in low temperature areas, example:
Diesel 400bar rail 

pressure
Rapeseed oil 600bar 

rail pressure

Operation point: 
900_72Nm

„FIRE“
combustion 
calculation

Identical
°CA

1/λ

Leads to high 
CO emission
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2) Challenges for an optimum operation

Examples for an optimized operation & injection strategy

•Obviation of spray-wall-contact in low temperature areas

Solution: optimized injection strategy

Comparison measurement results with stock RSO map and optimized injection 
strategy
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[°KW] [°KW] [°KW] [-] [bar] [°C] [bar] [K] [K] [K] [K] [ppm] [p pm] [ppm] [mg/m³]

RSO 2-fach 343 360 - 5 1,33 42,2 1,02 365 364,6 342,5 449,8 305,3 23,4 475,3 1,58

RSO 3-fach 353 359 364 5 1,38 38,5 1,05 381 377,9 337,6 465,7 347,7 7,14 73,94 1,19

CO-emission at Diesel level

RSO STOCK

RSO OPT
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2) Challenges for an optimum operation

Examples for an optimized operation & injection strategy
•Optimizing and using the vegetable oil advantages – example: 1500rpm / 360Nm

35% reduction of NOx 

50% reduction of Soot, 35% 
reduction of PM

Moderate increase (4%) of be

Consideration of fuels specifics is essentially 
important! Consequently, 2G-PVO brings advantages

Fuel: 2G-PVO-RS
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RSO STOCK 100%
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3) Advantages of 2nd generation 
vegetable oils

Andreas Hubert - Warsaw, 31.05.2011

•Independency of fossil fuel

•Comparable energy density to Diesel

•Almost closed CO2 circuit

•Non toxic, ideal fuel for agriculture

•Availability of press cake for food 
(depends on plant) industry etc.            

Efficiency!   

•Simple production, admittedly with 
consideration of associated material 
(P, Mg, Ca, ...)

•Oxygen advantage: lower soot 
emissions, lower PM emissions with 
regards to injection strategy, higher 
egr-compatibility
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Thank you for your attention!
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