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Infl uence of additives on the cold 
fl ow behaviour of rapeseed oil fuel 
Rapeseed oil fuel differs from fossil diesel fuel amongst others in regard to the cold fl ow be-
haviour. The goal of the study presented in the following was to investigate the effectiveness 
of ten different additives in regard to improve the fl ow behaviour, especially at temperatures 
below 0 °C. Therefore a test method has been developed, which uses the measurement of the 
dynamic viscosity. The temperature of the sample was altered using a defi ned temperature 
profi le, the dynamic viscosity was measured continuously. The effectiveness of the additives 
was signifi cantly different, also the infl uence of the temperature could be seen. Currently not-
hing can be said about the suitability for daily use.
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■ The specifi cations for the use of rapeseed oil as fuel in en-
gines capable of running on vegetable oils are defi ned in the 
German standard DIN 51605 ‘Fuels for vegetable oil compa-
tible combustion engines – Fuel from rapeseed oil – Require-
ments and test methods’ [1]. The use of additives to improve 
properties of rapeseed oil fuel is explicitly allowed if there are 
no negative effects on the operating performance or the effec-
tiveness of the exhaust gas after treatment. Also, the water 
hazardousness of the mixture must still be classifi ed as ‘non-
hazardous to water’ according to the German ‘Administrative 
Regulation on the Classifi cation of Substances hazardous to 
waters into Water Hazard Classes’ (VwVwS, [2]). In contrast 
to fossil diesel fuels, the use of additives is not common with 
rapeseed oil fuel. 

Rapeseed oil fuel differs from fossil diesel fuel, amongst 
others, in regard to the low temperature fl ow behaviour. At 
room temperature, the viscosity of rapeseed oil fuel is much 
higher than the viscosity of diesel fuel. When cooling down the 
oil to temperatures below 0 °C, the dynamic viscosity increases 
further up to the solidifi cation of the oil. These differences in 
the fl ow behaviour can be reduced by warming the fuel in the 
engine system, but even so the use of rapeseed oil at low tempe-
ratures is limited. It has not been thoroughly researched whe-
ther the low temperature fl ow behaviour of rapeseed oil fuel can 
be improved by the use of additives.

Problems and objective

Compared to fossil diesel fuel, vegetable oils show a different 
chemical structure and composition. For that reason the exis-
ting test methods developed for describing the cold fl ow beha-
viour of fossil diesel fuels cannot be used. Because of these dif-
ferences it is in dispute if additives suitable for fossil diesel fuel 
can improve the properties of rapeseed oil fuel at all.

Goal of the works was therefore to investigate the effec-
tiveness of additives, which are commercially available for 
the use in fossil diesel fuel, fatty acid methyl esters (FAME, 
‘biodiesel’) or vegetable oils, in regard to improving the low 
temperature fl ow behaviour of rapeseed oil fuel. To achieve 
this goal it was necessary to develop a test method suitable for 
describing the fl ow behaviour of rapeseed oil fuel.

State of knowledge

The few publications on the fl ow behaviour of rapeseed oil fuel 
describe a rapid increase in the dynamic viscosity of rapeseed 
oil fuel at temperatures below 0 °C. Widmann et al. [3] descri-
bed the infl uence of time on the fl ow behaviour at low tempe-
ratures. Accordingly, rapeseed oil solidifi es after 72 hours at  
–10 °C, but already after 6 hours at –25 °C. Remmele et al. [4] 
and Remmele [5] investigated the fl ow behaviour of rapeseed 
oil fuel by measuring the dynamic viscosity with a rotational 
viscosimeter. Experiments showed that the cooling rate infl u-
ences the dynamic viscosity. Bahl [6] also measured the dyna-
mic viscosity with a rotational viscosimeter; here four additives 
were examined at seven discrete temperatures. An infl uence of 
the additives could be seen, simultaneous measurements of the 
Pour Point did not show signifi cant differences.
Taking into consideration the literature [3; 4; 5] it seems to be 
not suffi cient to describe the fl ow behaviour of rapeseed oil fuel 
by measuring the dynamic viscosity at discrete temperatures.
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Material and methods

In the experiments ten additives from different suppliers were 
used. These will be labelled as K01 to K10 in the following. 
Three different dosage levels were used for each additive: the 
recommended dosage given by the supplier (base concentrati-
on) as well as twofold and half of the base concentration. The 
recommended dosage ranged from 0.2 to 3.2 vol %. Attention 
should be paid to the fact that most of the recommendations 
were given for the use in fossil diesel fuel.

To investigate the effectiveness of the additives, a test me-
thod has been developed, which is based on the measurement 
of the dynamic viscosity. The sample to be measured is cooled 
down from 20 to –30 °C and heated up to 20 °C again accor-
ding to the temperature profi le in table 1. The measurement 
device (Anton Paar MCR 101) measures the dynamic viscosity 
by using the ‘controlled shear stress’ (CSS) method in a ‘cup 
and bob’ geometry. That means the rotation speed is adjusted 
by the instrument so as to keep the shear stress at a defi ned 
level. The higher the dynamic viscosity of the sample, the lower 
the rotational speed, and thus the less energy is introduced into 
the sample by the rotation.

The blank sample without additives as well as each one 
of the additive-rapeseed oil fuel-blends was done in triplica-
tes, and an averaged course of viscosity has been calculated 
for each sample. The effectiveness of an additive in a specifi c 
concentration was rated by comparing the averaged course of 
viscosity of the respective sample containing the additive with 
the averaged course of viscosity of the blank sample without 
additives.

Results

Figure 1 shows the averaged courses of viscosity for the blank 
sample (without additives) and the mixtures of the ten addi-
tives in the base concentration. Up to about 80 min into the 
measurement (sample temperature approx. –17.5 °C) the dyna-
mic viscosity of the mixtures was in good agreement with the 
blank sample. In the further course up to the end of the second 
stabilization phase at –25 °C the courses fanned out, the values 
at the end of the stabilization phase (depicted in the fi gure by 
the vertical line) ranged between 1.13 Pas (K08) and 2.68 Pas 
(K10). The blank sample showed a viscosity of 2.65 Pas at that 
point in time. Besides the mixture of K03, the mixtures of the 
additives K07 and K08 showed the biggest difference compared 
to the blank sample with viscosities of approx. 1.3 Pas. When 
further cooling down the samples, signifi cant differences ap-
peared, both compared to the blank sample as well as amongst 
the different additivated fuels. The mixtures of the additives 
K09 and K10 showed only small variation, whereas the mix-
tures of K07, K08 and K03 differed the most from the blank 
sample. The degree of difference becomes apparent when com-
paring the runtime, until the dynamic viscosity of the samples 
exceeded a value of 10 Pas. The viscosity of the blank sample 
exceeded this value at approx. 143 min runtime, the addition of 
the additives K07, K08 or K03 resulted in retardation to values 

of approx. 200 min. The mixtures of the additives K09 and K10 
varied only slightly from the blank sample with values of about 
145 min. The other mixtures exceeded a viscosity of 10 Pas at a 
runtime of 151 to 166 min. In opposition to the behaviour when 
cooling the samples, the dynamic viscosity of all mixtures was 
in good agreement with the viscosity of the blank sample when 
the samples were being heated up again (heating phase 2).

In addition to the dosage recommendation from the sup-
pliers, two more dosage levels have been tested, where the ad-
ditives have been added in twofold and half of the base concent-
ration, respectively. Figure 2 shows the courses of the dynamic 
viscosity of the three mixtures of additive K07. As can be seen 
the concentration had a big infl uence on the steep incline of the 
dynamic viscosity when the sample is cooled down, but there 
was only a small difference in the viscosities up to the end of 
stabilization phase 2. The concentration also had only little in-
fl uence on the rapid decrease of the dynamic viscosity during 
heating phase 2.

Table 1

Profi le for the well-defi ned alteration of the sample temperature

Bezeichnung
Name

Dauer in Minuten
Duration in minutes

Beschreibung
Description

Stabilisierungsphase 1 
Stabilization phase

 5
konstant 20 °C
constant 20 °C

Abkühlphase 1
Cooling phase 1

90,1
Abkühlrate 0,5 K/min
Cooling rate 0.5 K/min

Stabilisierungsphase 2
Stabilization phase 2

30
konstant -25 °C
constant -25 °C

Abkühlphase 2
Cooling phase 2

50,1
Abkühlrate 0,1 K/min
Cooling rate 0.1 K/min

Stabilisierungsphase 3
Stabilization phase 3

10
konstant -30 °C
constant -30 °C

Aufheizphase 1
Heating phase 1

50,1
Heizrate 0,1 K/min
Heating rate 0.1 K/min

Stabilisierungsphase 4
Stabilization phase 4

10
konstant -25 °C
constant -25 °C

Aufheizphase 2
Heating phase 2

45,1
Heizrate 1 K/min
Heating rate 1 K/min

Stabilisierungsphase 5
Stabilization phase 5

10
konstant 20 °C
constant 20 °C
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Conclusions

The test method for the examination of the fl ow behaviour of 
rapeseed oil fuel that has been developed in this work is suita-
ble to show the infl uence of additives on the dynamic viscosity. 
In our laboratory experiments a signifi cant difference in the ef-
fectiveness of the tested additives has been shown. The addi-
tives K07, K08 and K03 displayed the most promising infl uence 
on the cold fl ow behaviour of rapeseed oil fuel. Apart from the 
effectiveness of the additives several other aspects have to be 
examined. First of all the infl uence on the properties specifi ed 
in the German standard DIN 51605 has to be investigated, as 
well as the water hazardousness. Furthermore the infl uence on 
the emission characteristics and the effectiveness of the ex-
haust gas after treatment has to be researched.
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The temperature profi le for the well-defi ned alteration of the sample 
temperature plus the courses of the dynamic viscosity of the blank 
sample without additives and the different additive-rapeseed oil fuel-
blends (base concentration) 

Fig. 1

Comparison of the viscosity courses of the three different mixtures 
of additive K07 (base concentration, double base concentration and 
half of base concentration)

Fig. 2


