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INTRODUCTION

Currently, the use of biofuel as an alterna-
tive source of energy can become the basis for 
the successful development of many sectors of 
the national economy. This is due to two seri-
ous problems of mankind: first, the global oil 
reserves are being rapidly depleted, and second, 
the burning of oil products in modern engines 
and plants results in environmental pollution 
[Shpaara, 2006; Zagorodskikh, Kozhevnikov, 
2011; Nazarenko, 2012].

Biofuel production setup in Russia is of 
great economic, commercial, and environ-
mental importance. This issue is especially 

relevant for agricultural producers since the 
main consumers of diesel fuel are agricultural 
machines of various purposes – tractors, com-
bine harvesters, etc. (over 40% of the total 
diesel fuel consumption [Shpaara, 2006]), and 
there is a raw material base for its production. 
According to the regional Ministry of Agri-
culture, the annual demand for diesel fuel in 
the Saratov region exceeds 250 thousand tons. 
Transferring regional agriculture to biodiesel 
may save over 150 million rubles a year [Du-
brovin, Narushev, 2010]. In the conditions 
of funds shortage, such savings would allow 
using the funds for other purposes [Zagorod-
skikh, Kozhevnikov, 2011]. 
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ABSTRACT
Currently, the use of biofuel as an alternative energy source for the operation of tractors and cars is becom-
ing increasingly relevant. The use of biofuel is a promising area for the needs of many sectors of the national 
economy, including the agro-industrial complex. This is due to two problems: first, the global oil reserves are 
being depleted, and second, the burning of petroleum products causes environmental pollution and serious en-
vironmental consequences. The article focuses on the issues of assessing various oil crops for the production of 
biofuel. In contrast to the favorable conditions in Ukraine, Germany, France, the USA, and Brazil, where rape, 
soy, and sunflower are used for the production of biofuel, safflower is more suitable for obtaining renewable 
plant material for the production of biofuel in the arid conditions of cultivation. It has been found that, while 
many other crops die of drought, safflower forms high and stable yields at the level of 1.2 t/ha, while the more 
hydrophilous sunflower and spring rape sharply reduce their productivity in arid years – 0.8 and 0.5 t/ha, respec-
tively. The research performed by the specialists of the Saratov State Agrarian University (SSAU) during many 
years have scientifically substantiated the feasibility of growing specifically safflower seeds for the production 
of biofuel (mixed diesel fuel) in the Lower Volga steppe zone. Safflower oil-based biofuel has low viscosity; it 
can have a positive effect on the performance of the fuel equipment in tractor units. The performed production 
tests have shown that when the engine is running on mixed diesel fuel containing 20% of safflower oil and 80% 
of diesel fuel, no reduction of the engine power is observed, while the service life of fuel equipment increases, 
and the amount of harmful emissions into the atmosphere decreases. 
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The technology of biodiesel production in all 
countries where it is used is based on processing 
rape, sunflower, oil radish, and soybean seeds. 
Compared to all these oilseed crops, safflower has 
clear advantages in the Lower Volga region due 
to a more stable yield in the extremely arid condi-
tions [Kushnir, 2004; Dubrovin, Narushev, 2010; 
Narushev et al., 2015]. 

The analysis of the available data shows that, 
although safflower is especially valuable, the pos-
sibility of using safflower oil as biodiesel fuel in 
the conditions of the Lower Volga region remains 
insufficiently studied [Zagorodskikh et al., 2009; 
Zagorodskikh et al., 2010].

MATERIALS AND METHODS

The research was aimed at developing a tech-
nology of cultivating safflower in the Lower Vol-
ga steppe zone and using safflower oil in mixed 
diesel fuel in agricultural production.

The research objectives were the following:
•• a comparative study of the adaptive properties 

of various oil crops cultivated in the Lower 
Volga region;

•• development of a technology for cultivating 
safflower as a raw material for the production 
of biodiesel duel in the Saratov region;

•• studying the operation of the diesel engine on 
various fuels; and

•• assessing the economic efficiency of cultivat-
ing safflower and using it in mixed diesel fuel.

The research aimed at the comparative study-
ing of the adaptive properties of various oil crops 
and developing a technology of cultivating saf-
flower as a raw material for the production of 
biodiesel was performed at the experimental field 
of the SSAU in the Engels district of the Sara-
tov region. The climate in the area was sharply 
continental. The soil was dark chestnut medium 
loamy soil. In the field experiments, the generally 
adopted methodological guidelines were used 
[Dospekhov, 1985; Dubrovin, 2016].

In order to identify safflower pests and diseas-
es, fields were examined using special techniques 
[Recommendations for the methodology of obser-
vations and research in a field experiment, 1973; 
Gorbachev et al., 2002; Shakhmedov, 2003; Du-
brovin, 2016].

The use of a biofuel based on the oil ob-
tained from safflower seeds was tested at the 

Jurgens peasant farm in the Engels district of the 
Saratov region. 

The following was used as fuel for the trac-
tor engine: mineral diesel fuel (DF), the mixture 
of 80 % of DF and 20 % of safflower oil (SO), 
and the mixture of 75 % of DF and 25 % of rape-
seed oil (RO). The experimental bench consisted 
of a serial 4CH11.0/12.5 (D-240) diesel engine 
with sensors installed, a KS-56/4 dynamometric 
machine with standard instrumentation and an 
exhaust system, and a complete measuring and 
recording system (MRS).

All the mechanisms and systems of the en-
gine had been checked and adjusted following the 
MTZ-80/82 tractor operator’s manual. 

RESULTS 

The studies performed at the experimental 
field of the SSAU allowed developing an innova-
tive technology of cultivating safflower seeds to 
be used for the production of biofuel [Narushev 
et al., 2010; Narushev et al., 2012a; Narushev et 
al., 2012b].

The experiments showed that safflower had 
clear advantages over the other oil crops in the re-
gion, the seeds of which might be used for the pro-
duction of biodiesel, namely, sunflower and rape-
seed. Its plants were extremely drought-resistant 
and could withstand the lack of moisture in the 
arid zone, while the cultivation of sunflower and 
especially rapeseed constantly required moisture 
and many other favorable conditions (Table 1). 

A valuable production characteristic of saf-
flower was the annual stable yield of 1.2 t/ha, 
while the more hydrophilous sunflower and 
spring rape sharply reduced their productivity in 
the arid years – 0.8 and 0.5 t/ha, respectively.

The most important elements of the developed 
technology of cultivating safflower seeds for the 
production of biodiesel were the following:
1.	The areas of concentrated safflower cultivation 

in the Saratov region were identified – they 
were primarily the steppe areas of the region.

2.	The most suitable domestic varieties were 
chosen, and the local production of their elite 
seeds was organized. In the region, it was rec-
ommended to improve the production and to 
widely use the local safflower varieties Er-
shovsky 4 and Kamyshinsky 73.

3.	A resource-saving technology of safflower 
seed cultivation was developed and introduced, 
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which ensured the stable production of high-
quality renewable plant material for the pro-
duction of biofuel (biodiesel) that included the 
following agricultural practices [Narushev et 
al., 2015]:

•• the position in the crop rotation – winter and 
spring early crops;

•• the method of tillage – stubble plowing fol-
lowed by moldboard plowing to a depth of 
22–25 cm; in the spring – harrowing and 
grubbing;

•• the fertilizer rate – 30 kg of the active sub-
stance (nitrogen), 45 kg of the active substance 
(phosphorus);

•• the optimal time of sowing – early sowing, in 
the first four to five days of spring field works, 
simultaneously with the early spring cereal 
crops;

•• the best method of sowing – wide-row sowing 
with 45 cm row spacing;

•• the optimal seeding rate – 250 thousand ger-
minating seeds per hectare;

•• crop care – the use of biological products and 
growth regulators, the use of pesticides only 
when the economic threshold of harmfulness 
(ETH) is exceeded; and

•• the harvesting method – single-phase.

As a result of regular safflower crop moni-
toring, it was found that specific safflower pests, 
namely, Heliothis peltigera, Acanthiophilus he-
lianthi, and Curculionida had virtually not been 
found on this crop [Dubrovin, 2016; Ismukham-
betov, 2008]. At the time of plant branching, pow-
dery mildew in the form of the ashy-white film 
was found on both sides of the leaves of individ-
ual safflower specimens. However, the average 
intensity of the disease did not exceed one score 
per plant. Since the observed number of pests 
did not exceed the ETH (economic threshold of 
harmfulness), no protective measures were taken. 
In this regard, a conclusion was drawn that high 
safflower resistance to pests and diseases allowed 
avoiding the use of expensive pesticides. At the 
same time, during the vegetation season, sunflow-
er required at least two, and spring rape – at least 
four chemical treatment cycles, which increased 
the costs even further. 

At the second stage of the studies, a bench test 
was performed for studying the use of biodiesel as 
an alternative fuel for the tractor engine, followed 
by the comparative characterization of mineral 
DF, the mixture of 80 % of DF and 20 % of SO, 
and the mixture of 75 % of DF and 25 % of RO.

The calorific and physical properties of the 
studied motor fuels are shown in Table 2.

Table 1. The characteristics of the oil crops cultivated as a raw material for the production of biodiesel in the 
Saratov region

Indicator Sunflower Safflower Spring rape
Adaptation to the conditions 
of the Volga region Medium High Weak

Moisture requirements Demanding – moderately 
drought tolerant

Not demanding – drought-
resistant

Hydrophilic – not drought-
resistant

Nutrition requirements Needs fertilizers Extracts fertilizers well from 
the soil Needs fertilizers

Characterization as a 
predecessor

Poor – drains and depletes the 
soil, harvested late

Good – harvested early, 
structures the soil

Medium – harvested early, 
structures the soil

Environmental friendliness Medium – needs treatment 
with pesticides

Environmentally safe – does 
not need treatment with 
pesticides

High environmental hazard 
– requires many cycles of 
treatment with pesticides

Yield stability unstable stable Extremely unstable
The average yield, t/ha 0.8 1.2 0.5

Table 2. The calorific and physical properties of the studied motor fuels

The type of motor fuel The lower calorific 
value, MJ/kg Density, kg/m3 The kinematic 

viscosity, mm2/sec
Mineral diesel fuel 42.43 826 4.2
Safflower oil 36.98 913 85.6
The mixture of 20% of safflower oil and 80% of diesel 
fuel 40.19 843 35.5

The mixture of 25% of rape oil and 75% of diesel fuel 40.21 861 42.3
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The values obtained during the check test 
were adopted as the initial data. They met the re-
quirements of the relevant state standards. Before 
the experiment, the engine had been heated run-
ning on DF until the coolant temperature reached 
80oC. After the engine had reached the operating 
state, the recording of its characteristics started. 
The following indicators were measured at the 
experimental bench (at various crankshaft rota-
tion speeds): the effective power, the hourly fuel 
consumption, and the exhaust smoking. 

The results of the experiments are shown in 
Figures 1, 2, and 3.

It has been found that the hourly fuel con-
sumption by the diesel engine running on the 
mixture of 80% of DF and 20% of SO increases 
on average by 2%, compared to DF, and decreases 
by 1.5%, compared to the mixture of 75% of DF 
and 25% of RO. The effective power of the diesel 
engine running on the mixture of 80% of DF and 
20% of SO decreases by 1.6%, compared to DF, 
and by 1%, compared to the mixture of 75% of 
DF and 25% of RO. The exhaust smoking of the 
diesel engine running on the mixture of 80% of 

DF and 20% of SO decreases by 19%, compared 
to DF, and by 13%, compared to the mixture of 
75% of DF and 25% of RO. With the mixed DF 
heater used on the tractor, the annual cost savings 
amount to 5,965 rubles per one MTZ-80 tractor, 
and 20% of the DF is saved. The tests have shown 
that the diesel engine operation on SO is compa-
rable to its operation on DF. With that, there is no 
need to upgrade the engine. 

According to the long-term average data, the 
oil yields of safflower and sunflower are the same 
– 444 and 400 l/ha, respectively, while that of 
rapeseed is twice lower – only 240 l/ha. However, 
the cost of producing one liter of oil from safflow-
er is twice lower, compared to sunflower, and four 
times lower, compared to rapeseed (Table 3).

DISCUSSION

The global reserves of organic biomass for the 
production of biofuel are very high. These include 
a large amount of various raw materials – leaves, 
stems, and seeds. Processing them rationally 

Figure 2. Changes in the effective power in the conditions of the 
regulatory characteristic of the D-240 diesel engine

Figure 1. Changes in the hourly fuel consumption in the conditions of 
the regulatory characteristic of the D-240 diesel engine



33

Journal of Ecological Engineering  Vol. 21(6), 2020

would partially solve the energy problem, espe-
cially in the remote regions of many countries 
where the delivery of DF is expensive and is often 
fraught with transportation difficulties [Dublyan-
skaya, Malysheva, 1964]. This also fully applies 
to many agricultural regions of Russia.

Europe is one of the main biofuel consumers; 
however, it cannot afford to allocate the required 
acreage for cultivating the crops for biofuel pro-
duction. At the same time, in Russia, the signifi-
cant acreage that could be allocated for growing 
crops for these purposes remains unused.

The prospects of extensive and successful saf-
flower cultivation in the Lower Volga region are 
determined by the following factors:
•• agrobiological factors – the Saratov region 

is the Lower Volga region where safflower 
cultivation is the most appropriate, given its 

drought resistance and indiscriminateness to 
the soil fertility;

•• agrotechnical factors – due to its early harvest-
ing time and a positive effect on soil fertility, 
safflower is a good predecessor, which can 
increase the efficiency of the zonal crop rota-
tions; and

•• economic factors – safflower seeds are in high 
demand both in the domestic and foreign mar-
kets due to their limited supply.

The Saratov region as a whole has the neces-
sary resources for reaching a high level of pro-
duction of safflower seeds, which are the most 
suitable for the production of biofuel. 

The most available and easiest way of the 
vegetable oils practical use in the form of energy 
material is using them as an additive to DF. In 
recent years, mixed DFs based on vegetable oils 

Figure 3. Changes in the exhaust smoking in the conditions of the 
regulatory characteristic of the D-240 diesel engine

Table 3. The economic indicators of biodiesel production from various oilseeds in the Saratov region

Indicator Sunflower Safflower Spring rape

Long-time average annual data

Yield, t/ha 0.8 1.2 0.5

Oil content, % 50 37 40

Oil yield from 1 ha, l 400 444 200

The direct cost of cultivation, rubles/ha 6,500 4,000 6,000

The cost of production of one liter of oil, 
rubles 16.25 9.01 30.0

Arid year

Yield, t/ha 0.4 1.2 0.2

Oil content, % 50 37 40

Oil yield from 1 ha, l 200 444 80

The direct cost of cultivation, rubles/ha 6,500 4,000 6,000

The cost of production of one liter of oil, 
rubles 32.5 9.01 75.0
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(e.g., rapeseed, soybean, sunflower, peanut, and 
palm oil) and their derivatives have been widely 
used [Shpaara, 2006; Nazarenko, 2012]. 

Currently in Europe (Germany, France, Aus-
tria, etc.), more than 1.5 million tons of mixed 
DF are produced [Zagorodskikh et al., 2009; 
Nazarenko, 2012]. As shown by more than 20 
years of experience in operating diesel engines 
of various purposes, their conversion to mixed 
DF does not require changing the design of the 
diesel engines.

The tests performed by the scientists at the 
SSAU showed that the mixed biofuel based on 
SO had low viscosity, and this fact had a positive 
effect on the performance of the fuel equipment 
in tractor units. Running the engine on the mixed 
fuel consisting of 20 % of SO and 80 % of DF did 
not reduce the engine power. With that, the ser-
vice life of the fuel equipment increased, and the 
harmful emissions into the atmosphere decreased. 
The diesel engine operation on SO was compa-
rable to its operation on DF; with that, no engine 
upgrade was needed.

CONCLUSION

Thus, the advantages of obtaining biodiesel 
from the renewable plant material in the Lower 
Volga region are obvious. With that, in the arid 
conditions of the Saratov region, it is only the saf-
flower that can consistently supply high-quality 
oil-bearing raw material for the production of 
biodiesel, and the use of the biofuel obtained by 
mixing DF with SO is highly important, both eco-
nomically and commercially. 
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