
Biodiesel is one of the three most 
important biofuels. It is currently 
produced mainly from vegetable 

oil, a feedstock for the food industry. 
Going forward, the aim is to reduce this 
share and replace it with biodiesel from 
non-food raw materials. It is estimated 
that advanced biofuel should provide 
around 3.5% of the energy consumed 
in the transport sector and the ever-
increasing demand for biodiesel will 
require scientists to explore different 
production avenues. According to a 
directive from the European Commission 
on the promotion of the use of energy 
from renewable sources, the EU transport 
share of renewable energy in the final 
energy consumption sector must be at 
least 14% by 2030.

Advanced biodiesel can only be 
produced from non-food raw materials, 
such as used cooking oil, tall oil and 
also rapeseed oil ‘soap-stock’ (SS). A 
low-value by-product obtained during 
refined vegetable oil production, SS is an 
optimal source of advanced biodiesel. 
It contains a significant quantity of free 
fatty acids (FFA) and mono-, di- and tri-
glycerides (MG, DG and TG, respectively). 
Professor Valdis Kampars and his team 
at the Institute of Applied Chemistry of 
Riga Technical University, Latvia, have 
optimised an innovative method for the 
production of biodiesel from SS through a 
process that can be completed in as little 
as three stages. 

A NEW USE FOR RAPESEED OIL 
PRODUCTION RESIDUE
Kampars and his collaborators have 
presented their method in 2021 at the 
29th European Biomass Conference 

and Exhibition (EUBCE). Until now, the 
technology to process the conversion 
of SS into biodiesel has not been 
extensively scaled, because of the 
composition of the feedstock, a complex 
and heavy aqueous lipid emulsion 
containing water, glycerides, FFA, 
phosphatides, pigments and other minor 
non-polar compounds. 

The first step in the processing of 
rapeseed oil SS involves acidification, 
to achieve removal of undesired 
phospho-lipids and obtain a mixture 
of MG, DG, TG and FFA (acid oil, 
AO). In the following esterification 
with methanol the obtained product is 
converted to the mixture of fatty acid 
methyl esters (FAME), MG, DG and TG. 
In the last stage MG, DG and TG are 
transesterified to FAME and advanced 
biodiesel is obtained. Kampars and his 
team propose an innovative three-
stage process for advanced biodiesel 
production from soapstock, aiming 
to ensure the highest possible yield 
of FAME. In a three-step process, the 
yield of FAME is about 82% of the 
theoretically possible.

The proposed three steps include:  
1) Synthesis of quality acid oil from SS 
through acidification; 2) Esterification 
of the acid oil with methanol in 
the presence of sulfuric acid; 
3) Transesterification of the obtained 
MG, DG, TG with methanol in the 
presence of a basic catalyst.

ACIDIFICATION OF FREE 
FATTY ACID SODIUM SALTS
The SS is heated to 60°C and acidified 
with 3% H2SO4 in distilled water. 

Advanced biodiesel 
from a by-product of 
refined oil production

The decarbonisation of the 
transport sector is a major 
challenge. Biodiesel is a green 
fuel that could play a significant 
role in our climate ambitions. 
To ensure the development 
of this fuel, Professor Valdis 
Kampars and his team at Riga 
Technical University, Latvia, have 
developed an innovative method 
for the production of biodiesel. 
Their process offers advanced 
biodiesel production from 
rapeseed oil ‘soap-stock’ (SS), a 
low-value by-product obtained 
in the production of refined 
vegetable oil. Their method 
requires a shorter processing 
time and lower energy 
consumption in comparison 
with conventional methods of 
biodiesel production from non-
food materials. 

Following the addition of acid, the 
mixture is heated at 90°C for 1 hour. 
After cooling, the reaction mixture is 
divided into two layers. The upper dark 
brown layer is lipid and fatty acid rich 
phase and bottom light brown layer is 
water phase. The waste water layer is 
discarded, while the upper acid oil layer 
is further processed.

ACID CATALYSED 
ESTERIFICATION
Acid oil and 
methanol are 
mixed in a 20:1 
molar ratio, 
heated to 60°C 
and added to sulphuric acid (5% 
of the free fatty acid mass). After 
stirring at 65°C for 2 hours, the 
reaction mixture is cooled and 
separated into two layers. The 
upper dark brown layer consists of 
methanol, impurities and sulphuric 
acid, and is discarded. The bottom 
brown layer, containing FAME 
and glycerides, is filtrated and 
evaporated for further processing.

ALKALI CATALYSED 
TRANSESTERIFICATION REACTION
The FAME/glyceride mixture is heated 
to 55°C and then sodium methoxide is 
added (1.5% of TG mass) in methanol 
(methanol:TG molar ratio 9:1) was 
added. The reaction mixture is heated 
at 55°C for 1.5 hours and allowed to 

cool down and separate into two layers. 
The upper dark brown layer is FAME 
and the bottom black layer is made 
of glycerine layer and impurities. The 
glycerine layer can be discarded and 
the FAME layer further purified.

ADVANTAGES OVER 
OTHER METHODS
The advanced biodiesel synthesis in 
three stages (acidification, esterification, 

transesterification) from rapeseed oil 
soapstock offers numerous advantages. 
Obtaining the acid oil from SS with the 
method proposed by Kampars, requires 
a short processing time and low energy 
consumption. The production of acid 
oil by conventional methods requires 
at least 4 hours and a temperature of 

up to 120°C (195°C 
in the absence of a 
catalyst).

THE FUTURE OF 
BIODIESEL
Kampars believes 
that the industrial 
production of 

biodiesel is sufficiently complex 
and dependent on several factors: 
production technology, raw material 
base and policy settings due to the 
reliance of the food industry for the 
same raw materials. There are enough 
shortcomings in the conventional 
process, which is based on the use of 
high-quality oils (high TG content, FFA 
content below 2%). The processing 
of such a raw material requires only 

The most promising sources for 
advanced biodiesel include feedstock 
that’s unsuitable for food, such as by-
products of rapeseed oil production.

This experiment confirms or overturns the concept.
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When do you anticipate that heterogeneous 
catalysts for the final step of biodiesel production 
might be available?

 At present, only one heterogeneous catalyst 
developed by AXENS is used in the industrial 
production of biodiesel. It works at temperature of 
190–220°C and a pressure of 40–70 bar. Conventional 
homogeneous base catalysts works at 60–65°C and 
atmospheric pressure. Such a significant difference 
is not easy to overcome. To obtain an active 
heterogeneous catalyst, a sufficiently high density of 
strong base site must be created on the surface of the 
catalyst. It is not clear how to do that at present, but I 
think that this problem will be resolved in 5–10 years. 
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Professor Valdis Kampars explores new methods for the production of biodiesel.

Soapstock could become an important raw material for biofuel production.

and number of individual stages 
increase. The raw materials costs 
decrease, but production costs increase. 
It is necessary to separate those raw 
material components that cannot be 
used in FAME synthesis and to look 
for ways to convert to FAME the useful 
components with high yield. As in the 
case of SS, the useful components are 
MG, DG, TG and FFA. The increased 
content of FFA in the raw material 
precludes the use of homogeneous 
basic catalysis, as soap is formed and 
the FAME layer does not separate. 
Several variants remain, of which 
FFA esterification with subsequent 
MG, DG and TG transesterification is 
best realised. 

The base of cheap and non-food raw 
materials is very limited. Currently, the 
most important raw material in the 
EU is used cooking oil, which could 
provide about 20% of the biodiesel 
currently produced. The amount of 
biodiesel produced on the basis of 
other raw materials (tall oil, animal 
fats, oil production and food waste) 
is significantly lower. Therefore, the 
development of production technology 
for any raw material is becoming 
increasingly important. 

CONCLUDING REMARKS
Professor Kampars and his team at 
the Technical University in Riga have 
developed a process of biodiesel 
synthesis from low quality rapeseed 
oil soapstock via a three-step method. 
The reactions can be conducted at low 
temperature and pressure. The proposed 
process just requires simple chemical 
methods, inexpensive reagents and mild 
conditions. The obtained biodiesel has 
a high FAME content (94.8%) and good 
overall yield (approx. 82% of theoretically 
possible). The advanced biodiesel 
product obtained can be used in blends 
with biodiesel, petroleum diesel or further 
refined to meet the required standards. 
Since the worldwide production of 
vegetable oil exceeds 200 million ton 
per year, soapstock could become 
an important raw material for biofuel 
production. Further studies to optimise 
the reactions conditions are being 
conducted at the Kampars laboratory, 
with the aim of increasing the yield of the 
process and improving of quality of the 
obtained biodiesel.

investigated the possibility of replacing 
TG transesterification with methanol 
with interesterification with methyl 
acetate. This would allow the synthesis 
of triacetin instead of glycerol, which 
can be incorporated into biofuel and 
would increase its yield. Unfortunately, 
despite the interesting results, it was not 
possible to develop a technology that 
would have found widespread use. The 
same is true of other attempts to improve 

the conventional process. Many studies 
have been published on the successful 
development of heterogeneous catalysts, 
but the only catalyst used in industry 
developed by AXENS, has proven to be 
good and durable in industrial operation, 
works at temperature of 190–220°C and a 
pressure of 40–70 bar. 

When switching to lower quality raw 
materials, the technological problems 

one stage - transesterification with 
methanol. This stage can be effectively 
carried out at atmospheric pressure, and 
a temperature of 60–65°C. The reaction 
time does not exceed 1 hour. The process 
is simple and easy to implement, but 
it has significant drawbacks, including: 
expensive raw material, which determines 
the production cost by 85%; low-value 
by-product glycerol in the amount 
of 10%, which cannot be included in 

the fuel; use of a homogeneous base 
catalyst which cannot be separated 
and reused. After neutralisation, it is 
separated in form of salts, however, part 
enters the product and requires washing 
the raw biodiesel with water, which 
causes wastewater treatment. Extensive 
research is being conducted in all these 
areas, and is also being carried out by 
the team at Riga Technical University. 
For example, the researchers have 

Professor Kampars and his team propose 
an innovative three-stage process  
for advanced biodiesel production  

from soapstock.

Caustic soda 
+ water

Crude vegetable oil

Soapstock (SS)
Degumming

Neutralizing

Bleaching

Refined oil

Soapstock (SS) Advanced biodiesel

Transesterification

Esterification

Acidification with or 
without  extraction

www.researchfeatures.comwww.researchfeatures.com

mailto:valdis.kampars%40rtu.lv?subject=
https://www.rtu.lv/en
http://archive.lza.lv/scientists/kamparsv.htm
https://www.sciencedirect.com/science/journal/09601481
https://www.sciencedirect.com/science/journal/09601481/158/supp/C
https://doi.org/10.1016/j.renene.2020.04.044
https://doi.org/10.4028/www.scientific.net/kem.762.158
https://researchfeatures.com
https://researchfeatures.com

