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S u m m a r y. The article describes the results of Zeta po-
tential changes in the system „soluble sodium silicate - ester” 
according to the time of gelation. It was found out that the time 
of thermal conditioning of silica-sodium glass is important in 
terms of nanostructure elements stability of the soluble sodium 
silicate. Stability characteristics of these elements can affect 
the binding characteristics of silicate binder-quartz system, and 
thus their strength properties at ambient temperature.

K e y  w o r d s : soluble sodium silicate, silica-sodium 
glass, Zeta potential, thermal conditioning.

INTRODUCTION

Soluble sodium silicate, or an aqueous solution of 
sodium silicate, is one of the oldest inorganic binders 
used in various industries. In the foundry it is a binder 
used in the production of the molding sands. The advan-
tage of molding sands with the soluble sodium silicate 
is a good heat resistance of moulds and cores, which is 
especially important for medium and heavy cast iron al-
loy, and no emission of toxic gases in the preparation of 
the moulding sands, pouring forms and removing casting 
[4-10,11-17,19-23]. In addition to these environmental and 
technological considerations, economic considerations 
are also important. Molding sands with soluble sodium 
silicate are much cheaper than the moulding sands with 
the binder resin. Apart from the obvious advantages of 
moulding sands with the soluble sodium silicate, however, 
have several disadvantages such as too much residual 
strength, lower primary strength and tendency to forma-
tion of sinters. The sintering process can be reduced by 
reducing the amount of binder in the moulding sands, 
but this reduction is possible only if the improvement of 
its binding properties occurs.

Soluble sodium silicates usually form stable aqueous 
solutions, but from a chemical point of view, generally 
do not have a clear composition. They form durable com-

posite structures, which are defi ned complexes of sodium 
silicate and silicic acid. Their composition varies and 
ranges from 4 moles of SiO

2
 per 1 mol of Na

2
O and 1 mol 

of SiO
2
 to 4 moles of Na

2
O. Thus, the general formula 

of sodium silicate can be written as xNa
2
O  ySiO

2
, and 

values   for x and y vary from 1 to 4 [18].
The main parameter that allows to distinguish be-

tween the different sodium silicates is the silica module, 
which is the molar ratio of silicon dioxide contribution to 
sodium oxide in the considered system. There are known 
also sodium silicate crystal structure. They derive from 
a hypothetical silicic acid of the formula H

4
SiO

4
:

2 4 2 2 5NaH SiO Na Si O� . bisilicate 

2 2 4 2 3Na H SiO Na SiO� . metasilicate 

3 4 6 2 7Na HSiO Na Si O� . pirosilicate 

4 4 4 4Na SiO Na SiO� . orthosilicate 

Some of them are in the form of readily soluble hy-
drates [3]. It may be noted that while the upper limit of 
module for soluble sodium silicate is 4, a sodium silicate 
for the defi ned limit value is the module 2. Understood 
is accepted hypothesis that sodium silicates, especially 
in aqueous solution, represent complex of silica sodium 
oxide, formed from simple silicates of module to 2 and 
silicic acid. The structural design of sodium silicate in 
aqueous solution is very complex due to the presence of 
hydroxyl ions and the adoption by the tetravalent silicon 
in the silicate ions sixth coordination number. Change 
in coordination number from 4 to 6 is facilitated by the 
presence of free silicon 3d orbitals, able to accept electron 
pairs. This gives the connections of silicon (in particular 
with oxygen), specifi c properties. Investigation of prop-
erties of aqueous solutions of sodium silicate, such as 
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conductivity, refractive index, boiling point and freezing 
point, confi rmed their colloidal nature. The presence and 
frequency of polisilicate ions (colloidal particles) emerges 
clearly from the module silicate equal 2. In the sodium 
silicate solutions with module 2 there are monosilica ions 
[H

3
SiO

4
]1- - and bisilica ions [H

4
Si

2
O

7
]2-, and in solutions 

with higher modules there are a mixture of polisilicate 
ions with higher degrees polycondensation. Especially 
at higher concentrations of SiO

2
 and the modules M>2 

identifi ed the polymeric units containing from 4 to 8 or 
even 12 Si atoms [1,3]. 

In the solutions of sodium silicate, there is a progres-
sive aggregation of silica from the molecular silicate to 
the colloidal and eventually solidifi ed gels covering the 
entire solution. The possibility of interference with the 
rate of establishment of equilibrium in the aggregate, is 
used on an industrial scale to manufacture all kinds of 
binders and adhesives [1]. 

Examination of concentrated solutions of sodium 
silicate with module 2 to 4 by 29Si-NMR method [3] 
showed, that the number of groups Qo, Q1, Q2 decreases 
with increasing module, where Q is the number of siloxane 
bonds Si-O-Si, but increasing the number of groups Q3

and Q4. For M >1.5 starts polymerization leading to the 
branched groups (Q3) of an average nuclearity 6 to 8, and 
with M>3.5 are formed three-dimensionally cross-linked 
units (Q4) with the surface units (Q3). Q4 units was ob-
served only at M>2.4. Assumed, however, that colloidal 
particles are formed at the module about 2 and at high 
concentrations [3].

PURPOSE AND METHODS

To make sodium silicate glass with the assumed value 
of the module M = 3.3 was used sand class 1A with the 
chemical composition: SiO

2
 = 99.63%, Al

2
O

3
 = 0.19%, 

CaO = 0.09%, MgO = 0.035%, Fe
2
O

3
 = 0.016%, TiO

2
 = 

0.039% and light soda with Na
2
CO

3
 content = 99.30%. 

Assumed volatility of Na
2
O equal 0,59%, which represents 

2.48% Na
2
O loss in the melting process of glass. Oxide 

composition of the silica-sodium was: SiO2 = 76.19%, 
Na

2
O = 23.81% + 0.59% (for volatility) = 24.40%.

Melts of glass were performed in a gas furnace (oxi-
dizing atmosphere), in the porcelain crucibles not glazed, 
with a capacity 3 dm3. For temperature measurement, 
thermocouples and optical pyrometers were used. Sets of 
sand and soda were dosed three times, every 40 minutes. 
After the last dosage alloys were kept in the crucibles 
at 13500C for 60 minutes (sodium silicate glass from 
which the soluble sodium silicate SW-60 was made), 
90 minutes (sodium silicate glass from which the solu-
ble sodium silicate SW-90 was made) and 120 minutes 
(sodium silicate glass from which the soluble sodium 
silicate SW-120 was made).

For the dissolution of the silica-sodium glass auto-
clave type VAIO-EWG 50 TR was used. Autoclavisation 
performed at a temperature of about 1600C and the cor-
responding pressure approximately 6MPa. For correction 
of the module of the soluble sodium silicate, sodium 
hydroxide was used.

Changes in the electrokinetic potential as a function 
of gel time was determined for samples of the soluble 
sodium silicate (SW-60, SW-90, SW-120) mixed with the 
ester (ethylene glycol diacetate). A sample of formed gel 
was collected after 20, 30, 40, 60, 80 and 100 minutes 
from the time of connection ester and a soluble sodium 
silicate, subjected to dispersion in NaCl solution (pre-
viously fi ltered through a membrane fi lter with a pore 
diameter of 220 nm in order to remove insoluble impuri-
ties ) and sonicated. Zeta potential was examined using 
the ZetaSizer 3000 apparatus.

On the basis of measurements, determined the opti-
mal composition of the electrolyte gel dispersion at which 
the recorded signal was the most favorable for scattered 
light and the measured values   of Zeta potential were the 
same as when using larger dilution. After determining 
the pH value of the resulting solution, Zeta potential 
measurements were carried out. In order to characterize 
the sample, average potential distribution was calculated 
averaging the individual distributions (the sum of the 
individual channels and calculate the average). Two types 
of measurements were used in identifying changes in 
Zeta potential: as a function of gel time and after the 
gels, in order to characterize the surface properties of 
the resulting gel.
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Fig. 1. Changes of the Zeta potential and the corresponding signal intensity I a laser light scattering on the surface elements of 
the structure formed after 20 minutes gelation process of the system „soluble sodium silicate (SW-60, SW-90, SW-120) - ethylene 
glycol diacetate”
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RESULTS AND DISCUSION

The results of studies described above are shown in 
Figures 1 to 6. They illustrate the changes on the Zeta

potential and the corresponding signal intensity I laser 
light scattering on the surface elements of the structure 
formed after a certain time of the process of gelation of 
soluble sodium silicate SW-60, SW-90, SW-120) under 
the infl uence of the ester. 

The pH of the dispersion obtained from the gel varied 
from pH  11.0 for the shortest time of gelation, to the 
pH  10.3 for gel time of 100 minutes. The pH values   
for individual samples little differed and had no signifi -
cant effect on the Zeta potential value. As shown in the 
placed fi gures, the initial stage of gelation gives rise of 
the structural elements with a relatively high value Zeta

potential  -100 mV. The signal intensity I of laser light 
scattering on the surface of these elements is high for 
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Fig. 2. Changes of the Zeta potential and the corresponding signal intensity I a laser light scattering on the surface elements of 
the structure formed after 30 minutes gelation process of the system „soluble sodium silicate (SW-60, SW-90, SW-120) - ethylene 
glycol diacetate”
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Fig. 3. Changes of the Zeta potential and the corresponding signal intensity I a laser light scattering on the surface elements of 
the structure formed after 40 minutes gelation process of the system „soluble sodium silicate (SW-60, SW-90, SW-120) - ethylene 
glycol diacetate”
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Fig. 4. Changes of the Zeta potential and the corresponding signal intensity I a laser light scattering on the surface elements of 
the structure formed after 60 minutes gelation process of the system „soluble sodium silicate (SW-60, SW-90, SW-120) - ethylene 
glycol diacetate”
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a longer gel time, then disappears for particles with the 
potential  -40 mV. In the case of the gel obtained by the 
reaction of soluble sodium silicate SW-60 and SW-90 with 
the ester by the time 80 minutes, the signal intensity of 
laser light scattering on the surface of structural elements 
with a high Zeta potential is less than 10%. In the case 
of the gel obtained by the reaction of soluble sodium 
silicate SW-120 and ester, the signal intensity I of laser 
light scattering on the surface of structural elements with 
a high potential Zeta is signifi cant after 80 minutes of the 
gelation process. As mentioned above, the signal intensity 
I of laser light scattering elements formed on the surface 
structure, can be a source of both the abundance of these 
elements, as well as their size and geometry of the surface 
(signal intensity I laser light scattering is proportional to 
the radius of the particles in the sixth power). It is also 
possible to notice the appearing and disappearing signal 
intensity of laser light scattering on the surface of particles 
contained in the reactants (soluble sodium silicate and 
ester). This effect is smallest in the case of gel obtained 
by the reaction of the ester and soluble sodium silicate 
SW-120, and the most visible in the gel obtained by the 
reaction of the ester and soluble sodium silicate SW-60.
This may indicate the not full reaction of the gel reagent 
and a much slower reaction of soluble sodium silicate 
gel SW-60 in comparison to the soluble sodium silicate 

SW-120. The change was deteribed in the value of the 
Zeta potential versus pH for soluble sodium silicate gels 
SW-60, SW-90 and SW-120. In the spectra signals were 
observed from particles of pollution of the reactants, and 
of the particles created in the process of nucleation. After 
analysis of the electrokinetic properties in the function 
of pH, Zeta potential values were selected   for which the 
signal intensity I of laser light scattering on the surface 
elements of the structure was the biggest. The investi-
gated electrokinetic properties of the systems resemble 
the properties of the “SiO

2
 - electrolyte solutions” [18]. 

At the same time you can see some signifi cant differ-
ences depending on the Zeta potential values   of ionic 
strength. The increase in ionic strength of the carrier 
electrolyte causes the decrease in the absolute value of 
the Zeta potential, but does not move isoelectric point. 
These relationships are complex, which may indicate that 
the surface structure of the formed elements may have 
properties similar to the surface of a „hair”, occurring 
on some systems with the organic phase. Some impact 
on the Zeta potential dependence on pH can also increase 
the ionic strength of the electrolyte, due to the presence 
of electrolyte in the sample gel. As a result, the ionic 
strength of the electrolyte with the lowest carrier con-
centration is in fact higher than expected. Comparing the 
Zeta potential values  for the gel samples, we can conclude 
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Fig. 5. Changes of the Zeta potential and the corresponding signal intensity I a laser light scattering on the surface elements of 
the structure formed after 80 minutes gelation process of the system „soluble sodium silicate (SW-60, SW-90, SW-120) - ethylene 
glycol diacetate”
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Fig. 6. Changes of the Zeta potential and the corresponding signal intensity I a laser light scattering on the surface elements of 
the structure formed after 100 minutes gelation process of the system „soluble sodium silicate (SW-60, SW-90, SW-120) - ethylene 
glycol diacetate”
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that the elements of the structure of the gel obtained by 
the reaction of the ester and soluble sodium silicate SW-

90 showed the highest values potential at pH> 8, while 
elements of gel structure obtained by the reaction of the 
ester and soluble sodium silicate SW-60 has the smallest 
value Zeta potential.

CONCLUSIONS

1. Zeta potential distribution after 20 minutes of gelation.
All the tested types of soluble sodium silicate have 

similar distribution Zeta potential range from about -110 
mV to about -90 mV, but in the case of the soluble sodium 
silicate SW-120 the corresponding signal intensity laser 
light scattering is the greatest. This may be attributable 
to a large number of particles, their large volume or the 
more developed surface compared to other types of soluble 
sodium silicate, particularly SW-60. The largest slender-
ness ratio of the peak intensity of laser light scattering 
in this range of values of the Zeta potential   indicates 
the greatest homogeneity of elements in its structure. 
The second distinct peak intensity of laser light scatter-
ing on the elements of the structure of soluble sodium 
silicate SW-120 corresponds to the value Zeta potential 
from about -50 mV to about -30 mV and is the smallest, 
compared to the peaks of soluble sodium silicate SW-60

and SW-90. It seems that the potential Zeta distribution 
in this period of gelation indicates the greatest stability 
of soluble sodium silicate SW-120.

2. Zeta potential distribution after 30 minutes of gelation.
For all the investigated types of soluble sodium 

silicate the heterogeneity is increased of the structure 
elements formed in this gelation period, with the Zeta

potential from about -110 mV to about -90 mV. In the 
case of soluble sodium silicate SW-120, elements of the 
structure are disappearing of the potential from about 
-50 mV to about -30 mV, for the benefi t of structural 
elements with a potential from about -80 mV to about 
-70 mV. In the soluble sodium silicate SW-60 practically 
disappearing are elements of the structure of the potential 
below -90 mV, while in soluble sodium silicate SW-90

is an insignifi cant number of elements of the structure 
with the Zeta potential below -90 mV . The distribution 
of the Zeta potential after 30 minutes of gelation, sug-
gests similar stability elements of the structure in all the 
tested types of soluble sodium silicate.

3. Zeta potential distribution after 40 minutes of gelation.
Distribution of the values of Zeta potential show 

increased stability of elements of the structure in the 
soluble sodium silicate SW-120 and SW-60 and a slight 
decrease in the stability of these elements in soluble so-
dium silicate SW-90, for which again there are elements 
of structures with Zeta potential from about -10 mV to 
about +10 mV.

4. Zeta potential distribution after 60 minutes of gelation.

Clearly increased heterogeneity can be observed 
of elements of the structure arising from the gelation 
process of soluble sodium silicate SW-60, with the Zeta

potential from about -120 mV to about -90 mV. For this 
type of soluble sodium silicate, there are also elements 
of the structure with the potential from about -80 mV to 
about -70 mV, from about -60 mV to about -50 mV and 
from about -10 mV to about +10 mV. This suggests an 
increasing instability of the elements of the structure of 
the soluble sodium silicate SW-60.

5. Zeta potential distribution after 80 minutes of gelation.
In the case of soluble sodium silicate SW-120, after 

the high stability of elements of the structure, there are 
mainly structural components of the Zeta potential from 
about -50 mV to about -40 mV, indicating a signifi cant 
decrease in the stability of formed structure. Also the 
stability is decreased of the system in case of soluble 
sodium silicate SW-90, in which there are elements of 
the structure of the Zeta potential from about -50 mV to 
about -40 mV, in addition to elements of the structure 
of the Zeta potential from about -100 mV to about -80 
mV . The most stable arrangement of the structure of 
soluble sodium silicate SW-60, with the Zeta potential 
from about -130 mV to about -100 mV and from about 
-100 mV to about -80 mV. Distribution of the potential in 
the studied types of soluble sodium silicate indicates the 
highest growth of gelation speed in the soluble sodium 
silicate SW-120, a smaller increase in the speed of gela-
tion in the soluble sodium silicate SW-90 and the lowest 
speed of gelation in the soluble sodium silicate SW-60.

6.  Zeta potential distribution after 100 minutes of gela-
tion.

There has been a clear increase in the stability of 
elements of the structure in the soluble sodium silicate 
SW-120. In this silicate, elements of the structure disap-
peared with the Zeta potential lesser than about -90 mV, 
while there are elements of the structure of the Zeta 

potential from about -110 mV to about - 90 mV. In the 
case of soluble sodium silicate SW-60 and SW-90 there is 
a reduction in stability of the system owing to elements 
of the structure of Zeta potential from about -50 mV to 
about -40 mV and from about -10 mV to about +10 mV.
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WP YW KONDYCJONOWANIA TERMICZNEGO 

SZKLIWA KRZEMIANOWO-SODOWEGO NA KINETYK

ZMIAN POTENCJA U ZETA W PROCESIE ELOWANIA 

UWODNIONEGO KRZEMIANU SODU

S t r e s z c z e n i e . Opisano wyniki bada  zmian potencja u
Zeta uk adu „uwodniony krzemian sodu – ester” w zale no ci
od czasu jego elowania. Stwierdzono, e czas kondycjono-
wania termicznego szkliwa krzemianowo-sodowego ma istot-
ne znaczenie w aspekcie stabilno ci elementów nanostruktury 
uwodnionego krzemianu sodu. Charakterystyka stabilno ci tych 
elementów mo e wp ywa  na charakterystyk  wi za  uk adu
spoiwo krzemianowe-kwarc, a tym samym na ich w a ciwo ci
wytrzyma o ciowe w temperaturze otoczenia. 

S o w a  k l u c z o w e : uwodniony krzemian sodu, szkli-
wo krzemianowo-sodowe, potencja  Zeta, kondycjonowanie 
termiczne.
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S u m m a r y. More than ten thousand cars disappeared 
in Poland last year. This situation was caused by relatively 
quick profi t on sale of such cars and their components after 
disassembling. It happens increasingly often that the driver is 
stopped and the car is taken by force by thieves. The only one 
method to protect the car consists in its monitoring associated 
with the use of modern methods of stolen vehicle tracking. 
The car alarms systems are provided with several functions 
and protections sometimes effi ciently preventing the car theft 
or making the car harder to steal. The systems become more 
and more perfect every day but nobody pays any attention 
to car alarms owing to their common use and particularly 
frequent false alarms originating from the cars parked in the 
streets and parking areas. 24 hour security monitoring is the 
best method to protect a car. There are companies offering
specialized security services in this scope of property, but 

their services are rather expensive. The monitoring system 
using the car positioning on the basis of GPS satellite sig-
nal is a good way to protect the car and to fi nd it thereafter. 
The signal informing about occurred burglary and the pres-
ent position of the car is transmitted by means of SMS text 
message via GSM mobile telephony system. Using bidirec-
tional data transmission path in GSM system it is possible to 
control, to turn ON/OFF any connected device, to download 
the readings from any sensors in remote mode. GSM sys-
tem, except of the reading of geographical location of the 
receiver, makes it also possible to directly read the altitude 
above sea level, current time and date. It is also possible to 
read the current velocity of the object after a little process-
ing of data received from satellite. The full monitoring of 
our vehicle is possible as a result of the combination of GPS 
and GSM technology. The possibilities offered by the system 
depend exclusively on the ingenuity and imagination of its 
designer.

K e y  w o r d s : car alarm, GPS, GSM.

ALARM SYSTEM STRUCTURE 
AND CONFIGURATION

The following design inputs are required in order to 
build a system performing the functions of an alarm con-
trol panel and transmitting the current alarm status data: 
– informing the local area about occurred burglary;
 – transferring the data on the occurrence of an event, 

its place and time;
 – hiding the system in a manner enabling further transmis-

sion of messages to inform about the current position of 
vehicles even after disconnection of signalling devices;

– emergency power supply for communication module 
to enable its further operation even after power sup-
ply shutoff,

– inertial tilt sensor protecting against car towing, 
 – opening sensor for the door, engine hood, trunk lid etc.;

– SMS message about occurred alarm, about the time 
of its occurrence and geographical position of the car;

 – controlling the alarm control panel (enabling / dis-
abling) using the attempt to connect from an authorized 
phone number (lack of additional pilot) only;

– co-operation with maps e.g. Google.

CONSTRUCTION OF THE ALARM 
CONTROL PANEL

The alarm control panel consists of three blocks per-
forming the following functions:
– GPS receiver segment determining the current posi-

tion of the car;
 – GSM modem segment to be used as a communica-

tion link;

The wireless noti� cation systems used in car alarm systems
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 – micro-controller segment ensuring the system op-
erations management in accordance with elaborated 
program.

Fig. 1. Block diagram of the alarm control panel

SuperStar II module supplied by NovAtel company 
has been applied in the system as GPS signal receiver. The 
module operating in NAVSTAR GPS standard has been 
designed in the form of 12 channel receiver (receiving 
the data from maximum 12 satellites simultaneously) and 
provided with confi gurable RS-232 interface. StarView 
software is made available free of charge by the manu-
facturer in order to enable its confi guration, to preview 
all possible transmission parameters as well as incom-
ing frames in NMEA or binary standard. The receiver 
position update rate is adjustable between 1Hz and 5 Hz.

After the voltage is applied, available satellites are 
automatically searched by the receiver and successive 
frames containing position data are displayed on Tx line of 
built-in serial interface. The task of the microcontroller is 
to search the frames and then “to catch” interesting infor-
mation from $GPGGA frame about GPS coordinates, time 
and altitude of the location of an object being monitored 
above sea level. GSM/GPRS SIM300D modem supplied 
by SIMCOM has been installed in order to enable the 
data transmitting and receiving. The modem operating 
in GSM 900MHz, DCS 1800 MHz and GSM 1900MHz 
bandwidth has been built as a “cellular phone” without 
unnecessary elements i.e. keyboard, display, loudspeaker, 
microphone. AVR Atmega8 microcontroller has been 
used to ensure GPS receiver and GSM modem operation 
and RLC passive elements in order to ensure the cor-
rect collaboration of the systems. The communication is 
carried out by means of corresponding AT commands 
transmitted by a serial interface.

AVR Atmega8 microcontroller has been designed 
as “a bridge” connecting GPS system with GSM system 
and enabling the management of GPS receiver and GSM 
module operation. The commands transmitted by the 
microcontroller trigger an alarm and send the information 
about occurred event, its time and location. Its program 
has been elaborated in Basic language in FastAVR envi-
ronment and downloaded from the computer by means 
of STK500 interface and AVR studio 4 program. 

The purpose of built – in EEPROM in the system is 
to save the current status of alarm control panel in case 
of power supply failure.

WORKING PRINCIPLE OF THE ALARM 
CONTROL PANEL

Before the commencement of the system use, deter-
mine the number of mobile phone of the person authorized 
to control the alarm control panel and to receive SMSs 
with alarm messages. Therefore, in SIM card (by means 
of mobile phone) cancel all items in the telephone book 
of the card including those programmed in the factory 
by operator . ONLY one entry shall be contained in the 
telephone book of SIM card on the position No 1 in 
the following form: name of contact: SIM1, number: 
+48xxxxxxxxx, where xxxxxxxxx stands for 9 digits 
of authorized phone number. PIN of the card shall be 
disabled.

After the card prepared in a manner described above 
is placed in a basket, the system shall be turned ON by 
means of a switch installed on the battery. The setting 
of this switch should be modifi ed until yellow LED3 
diode starts to blink. At this time, the main power sup-
ply (temporary power pack or target battery of motor 
vehicle) can be connected. 

During the period of about 2 minutes after the system 
is turned ON, the modem is in course of initialization 
and registration in mobile telephony operator network. 
This status is displayed by means of continuously light-
ing green LED2 diode and LED1 diode blinking with 
the frequency of about 0.3Hz.

After the correct initialization two short sounds are 
transmitted by the buzzer to confi rm this fact and the 
normal operation mode of the alarm control panel is 
commenced. The data on the last operation status are 
read by the system from EEPROM memory. LED3 diode 
lights up only if the alarm control panel is enabled or 
turned off when the alarm control panel is in enabled 
or alarm status.

The fi rst synchronization of GPS module with satel-
lite by the receiver may take 2 up to even 15 minutes. 
It depends on whether the alarm control panel was situ-
ated in a geographical position other than before prior 
to turning off and whether the antenna of GPS receiver 
is “seen” from satellites without any obstacles. 

The enabling / disabling and alarm cancelling for 
the alarm control panel consists in the attempt to com-
municate with the number represented by installed SIM 
card. If the attempt to communicate has been made by an 
authorized person, the incoming connection is rejected by 
the modem simultaneously changing the status the alarm 
control panel into opposite one. If the calling number is 
not conforming with SIM1 item recorded on SIM card of 
the alarm control panel, the following SMS message is 
received by the owner of the number saved in SIM1 item:

„Number +48xxxxxxxxxx attempted to 
communicate with the alarm control pan-

el!”, where xxxxxxxxx stands for the number of person 
not authorized to control the alarm control panel. The 
system does not change its operation status. The same hap-
pens in case of an ex-directory (private) number calling to 
the alarm control panel. Then the following information 
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message is received by an authorized person indicated 
in SIM1 item on SIM card of the alarm control panel:

“Ex-directory number attempted to 
communicate with the alarm control 

panel!”.
In case of an alarm status, the following SMS mes-

sage is sent to an authorized user: 
„Attention, ALARM! GPS data: Time: 

hh:mm:ss Latitude: xx*yyyyyyy’y Longi-

tude: aaa*bbbbbbb’b Altitude above sea 

level: ccc,d m” where: 
hh:mm:ss– current time downloaded from GPS 

satellite: hh hour, mm minute, ss second,
xx*yyyyyyy’Y– Latitude: xx – degrees, yyyyyyy

minutes, y – E or W,
aaa*bbbbbbb’B- Longitude: aaa – degrees, 

bbbbbbb minutes, b – N or S,
ccc,d – altitude above sea level: ccc – value in 

meters, d – tens of meters.
The receiving of the current GPS data frame is car-

ried out with frequency of 1Hz. The data from the part 
of frame beginning with $GPGGA marker are processed 
and transmitted to the user.

In case of the lack of GPS receiver synchroniza-
tion with satellite, incorrect data are contained in SMS 
messages.

The data received in SMS can be displayed by means 
of a computer program with a map e.g. Google Maps. 
Therefore the user is able to display the visualization of 
the current position of the receiver and consequently, the 
position of monitored object.

The frequency of transmitted SMSs with GPS coor-
dinates is adjustable as a result of changes of a constant 
value in the program; its standard setting is equal to 30 
seconds. 

The alarm control panel is equipped with two inputs 
generating alarms after triggering. One of inputs has 
been designed as NC type and another collaborates with 
the tilt sensor triggered after the change of the car tilt or 
the change of its acceleration. NC input can be used to 
connect the opening sensors for the door, engine hood, 
trunk lid or to the output of car alarm system installed 
in the factory.

The tilt sensor consists of a miniaturized metal cyl-
inder and a metal ball placed therein. The ball closes or 
opens the circuit connected thereto depending on the tilt 
angle of the sensor. At the time of alarm enabling, the 
sensor status before the enabling is saved by the alarm 
control panel. An alarm is triggered as a result of the 
sensor status change simultaneously provided that the 
pulse duration is larger than 200 ms. This function is 
intended to reduce false alarms, for instance caused by 
the vibration generated by a heavy motor vehicle passing 
by or by strong gust of wind.

The buzzer has been applied in the model as an ac-
tuator. In fact it is possible to apply among others a loud 
alarm siren or ignition / fuel pump cut-off relay for this 
purpose.

CONCLUSIONS

The purpose of the construction of described system 
was to present the opportunities offered by the coupling 
of GPS and GSM technology in practice. The alarm 
control panel described in the present paper has been 
built as a model system. Therefore the adaptation of the 
enclosure to intended working environment would be 
required in case of practical use of the alarm control panel. 
The use of a mobile phone as a controlling and notify-
ing medium makes it possible to eliminate a frequently 
occurring problem in case of typical alarm control panel 
i.e. the loss or destruction of the control pilot. In case of 
the mobile phone destruction, SIM card can be moved 
to another phone and in case of theft a duplicate of SIM 
card is issued for a small fee, but it is more expensive 
to duplicate the pilot.
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SYSTEMY POWIADAMIANIA RADIOWEGO STOSOWANE 

W SYSTEMACH ALARMOWYCH SAMOCHODÓW

S t r e s z c z e n i e . Minionego roku w Polsce zgin o kil-
kana cie tysi cy aut. Spowodowane to jest do  szybkim zy-
skiem wynikaj cym ze sprzeda y takich aut oraz ze sprzeda y
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zdemontowanych cz ci. Coraz popularniejsze staj  si  sytu-
acje uprowadze , kiedy to z odzieje zatrzymuj  kierowc  i si
odbieraj  mu pojazd. Jedynym sposobem na ochron  w asne-
go samochodu jest jego monitoring z wykorzystaniem nowo-
czesnych metod namierzania skradzionego pojazdu. Systemy 
alarmowe posiadaj  szereg funkcji i zabezpiecze , które po-
trafi  niekiedy skutecznie uniemo liwi  lub utrudni  kradzie
pojazdu. Alarmy samochodowe z ka dym dniem staja si  coraz 

bardziej doskonalsze, lecz ich du a popularno  a w szczegól-
no ci cz ste fa szywe alarmy dobiegaj ce z aut zaparkowanych 
na ulicach i parkingach powoduj , e nikt na nie, nie zwraca 
uwagi. Najlepszym sposobem zabezpieczenia pozostawionego 
auta jest ca odobowy monitoring. Istniej fi rmy specjalizuj ce
si  w takim nadzorze naszego dobytku, ale ich us ugi te nie 
nale  do najta szych.

S o w a  k l u c z o w e : auto alarm, GPS, GSM.
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S u m m a r y. Interest in renewable energy sources (RESs) 
has been growing all over the world in recent years. The market 
for alternative energy resources is quickly growing in West-
ern Europe and Asia. The development of renew able energy is 
caused by two major factors, one of which is the environmental 
policy requirements. Its importance increases from the legisla-
tive point of view and from the conditions accepted by the 
Convention on Climate in December 1997. The main concern is 
energy production capacity. The preference is given to produc-
tion forms which can be created and developed quickly. The 
development of RESs in many cases is closely connected with 
the maintenance of energy safety of the country, infl uencing its 
sovereignty and independence.

K e y  w o r d s: renewable energy sources, alternative en-
ergy.

INTRODUCTION

Energy safety problems in Belarus are mainly char-
acterized by the fact that the Republic must buy up to 
85% of energy resources. The basic domestic direction 
for maintaining energy safety includes a number of 
fundamental ways to prevent threats, thereby reducing 
the probability of their occurrence and easing the con-
sequences. On the one hand, there are energy wasteful 
industrial and household sectors in the country; on the 
other hand, there are essential energy-saving reserves 
(including RES use), both in the energy and in oth-
er sectors of the national economy [4,6,12,15,19,11]. 
Nowadays, satisfaction of needs in fuel and energy 
resources (FERs) of Belarusian consumers, mainte-
nance of effi cient fuel-energy balance structure of the 
country, and the quest for additional energy sources 
have become the three main problems posed for the fuel 
and energy complex in the Republic (see “The program 
of increase in the use of local fuel types and alternative 
energy sources for 2003-2005 and up to 2010”). The in-
volvement of RESs in the economic turnover serves as an 

energy-saving component which is directed to realization 
of legal, organizational, scientifi c, industrial, technical, 
and economic measures of effective utilization of energy 
resources.

The Republic of Belarus does not have suffi cient 
amount of its own FERs to maintain national economy 
needs. National resources of available fossil fuels are few 
and they are depleted practically up to 80-90%. The coun-
try imports about 84% of the consumed FERs. Obsolete 
capital assets in energy, industry, agriculture and habita-
tion are used up to 70-90% [13]. Therefore, as a result 
of low supply with its own energy sources (at the level 
of 15-18% from the general need) the problems of en-
ergy safety are the major components of the national 
and economic security for the country. The necessity for 
increasing energy safety is mainly caused by the need 
to quickly solve this problem, because, if the delivery 
of energy resources is restricted, the Republic can suffer 
a loss from gross domestic product (GDP) underproduc-
tion to the sum of $400-450 with the expectation of 1 ton 
of standard coal (TSC). It repeatedly exceeds the cost of 
FER import from any existing or new suppliers according 
to world prices. In case of emergency conditions in fuel 
systems or in the event of switching-off the heat supply 
systems during the winter period, the size of damage 
can be increased many times [10,19].

The most important branch of the economy in any 
developed country is power engineering. The moving 
forces and trends of its development refl ect the processes 
of economical state and development of the country, geo-
political situations, and historical prospects. Realization of 
the measures taken by the government during 1995-2000 
allowed a suspension in the decrease in production in 
the Republic. By the end of 1996, positive dynamics of 
main macroeconomic processes were achieved, year-to-
year increases of GDP and consumer and industrial goods 
production were provided. Investment activity grew. We 

Perspectives of renewable energy sources use in enhancement 
of environmental and energy security of belarus 
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succeeded in stabilizing the situation in the domestic con-
sumer market as well as fi nancial enterprises. From 2001 
to 2005 GDP grew by more than 43%. In Europe, from 
2000 to 2004 GDP increased on the average 1.7% a year, 
in the USA 2.8%, in Japan 1.9%, in Belarus this parameter 
reached 9.2% in 2005.

In 1990, the total FER gross consumption came to 
54,965 million TSC, in 2000 it was only 34.5 million 
TSC, in 2005 (according to evaluation data) it was 36.8 
million TSC (Fig. 1). The main reasons for the sharp 
decrease in energy resource consumption in Belarus 
during 1990-2000 was the decrease in industrial pro-
duction, structural, changes in the energy sector of the 
national economy, as well as tough governmental policy 
on every possible economy of energy resources. At the 
same time, the composition of used fuel was chang-
ing. The consumption of heavy oil fuel (black fuel, ma-
zut) was decreasing and the consumption of imported 
Russian gas was increasing. The average price of Rus-
sian gas reached about $50 per 1000 m3 (2009) and it 
has constantly been increasing, approaching the world 
level.

43.1

41.3
55

32.85

34.5

39.6

36.5

0

10

20

30

40

50

60

1990 1995 2000 2005 2010 2015 2020
   years 

           

mln of SFTmln TSC 

Fig. I. Time history of fuel and energy resources (FER) in Be-
larus (according to the data given by the Ministry of Statistics 
of Belarus and national energy development programs)

In the long-term outlook, the total FER gross con-
sumption w i l l  grow. According to the formal fore-

cast, by the year 2020, the size of total consumption 
will reach 43.1 million TSC, which is only 65- 70% of the 
consumption level that existed in 1990. In the future, the 
development of the national economy of the Republic 
should be followed by an increase of energy use ef-
fi ciency, related to its consumption, development, and 
transportation. During 2001-2005, the GDP power con-
sumption in the Republic decreased at a rate of 4.7-5.4% 
per year. In 2006-2010, average annual rates of energy 
consumption decrease were expected to be higher - 5.1-
5.9% per year, and by 2020 they will decrease to 2.2-3.0% 
per year.

Nowadays, the problems facing power engineering 
specialists can be divided into two parts: application 
of new technologies using fossil fuel and development 
of alternative energy sources (wind and seasonal solar 
energy, biomass and waste).

ANALYSIS AND PROSPECTS 
OF THE USE OF ALTERNATIVE 

AND RENEWABLE ENERGY SOURCES

GENERAL CHARACTERISTIC OF THE PROBLEM

According to natural, geographic, and meteorologi-
cal conditions in Belarus, alternative and renewable 
energy sources (RESs) can be the following: fi rewood 
and wood waste products, water resources, wind-driven 
potential, biogas from cattle-breeding waste, solar energy, 
phytomass, solid domestic waste, plant growing waste, 
and geothermal resources. There are several reasons 
why these energy sources should be widely used in the 
Republic. First of all, the work on the use of RESs will 
promote the development of our own technologies and 
equipment which can be exported in the future. Sec-
ondly, these sources, as a rule, are pollution free. This 
contributes to environmental security of Belarus. Thirdly, 

Ta b l e  1 .  Economically expedient potential of the use of fi re wood and wood waste products for heat and electric energy 
production

Year
Firewood

Wood waste products (million TSC) Total (million TSC)
million cubic meter million TSC

2003 4.18 1.11 0.28 1.39

2004 4.51 1.20 0.29 1.49

2005 5.36 1.43 0.31 1.74

2006 6.30 1.68 0.32 2.00

2007 7.29 0.33 2.27 2.27

2008 8.08 2.15 0.35 2.50

2009 8.95 2.38 0.36 2.74

2010 9.40 2.50 0.37 2.87

2011 9.88 2.63 0.39 3.02

2012 10.15 2.70 0.40 3.10



PERSPECTIVES OF RENEWABLE ENERGY SOURCES USE IN ENHANCEMENT 15

the development of such sources will raise energy safety 
of the state.

In order to cover the costs for the alternative energy 
sources, special attention should be paid to technical 
approaches using equipment produced in the Republic 
and with maximal use of local materials.

FIREWOOD AND WOOD WASTE PRODUCTS

The Republic of Belarus has huge forest resources. 
The total area of the forest resources on 1 January 2001 
was 9,248,000 ha, forest timber inventory - 1340 million 
cubic meters. Annual basic increase is 32.37 million cubic 
meters. A systematical and stable growth of forest resources 
can be predicted (up to 1.8 times in 2020) if a simultane-
ous improvement of age and stock forest structure takes 
place [18].

The centralized logging and fi rewood preparation in 
Belarus is carried out by enterprises of the Ministry of 
Forestry and by the Belarussian concern of wood-paper 
Industry. In 2003, the annual volume of fi rewood, sawing, 
and woodworking waste utilization as boiler stove fuel was 
1.4 million TSC [Table 1] [19]. At present fi rewood fuel 
consumption for production of electric and heat energy 
by energy generative settings does not exceed 600,000 
TSC per year.

The potential of the Republic to use wood as a fuel is 
estimated to be 3.5-3.7 million TSC per year, which is 2.5 
times higher than in 2003. It should be pointed out that 
all the regions of Belarus own fi rewood recourses. On the 
whole in the Republic, the annual volume of fi rewood, 
sawing, and woodworking utilization was about 1.0-1.1 
million TSC. Part of the fi rewood goes to population 
via self-stocking which is estimated at 0.3-0.4 million 
ISC.

Limited opportunities for Belarus to use wood as 
a fuel can be defi ned from the natural annual fi rewood 
increase. It is estimated at 25 million cubic meters or 
6.6 million TSC per year including that for the contami-
nated areas of the Gomel region - 20,000 m3 or 5300 
TSC.

In order to use wood as a fuel in these regions it is 
necessary to work out and to apply new technologies and 
equipment for gasifi cation and parallel decontamination. 
According to the planned double growth of fi rewood stor-
age by 2015 and taking into account volume increases 
of wood waste products, sawing wastes and fi rewood 
processing, in 2005 the annual volume of fi rewood in-
creased up to 1.6 million TSC.

International Sakharov Environmental University 
(ISEU) together with Austrian fi rm KOB developed 
a project on installation on the territory of Educational 
and Research Station Volma, Dzerzhinsk region, in 2006 
of two modern heat-and-power engineering stations 
which will use raw wood bio-material. Heat-and-power 
engineering station PYROT with the capacity 250 kW 
(ground fi rewood) is shown in Fig. 2 (on the left side)
[4,10].

Fig. 2. Overview of heat -and-power engineering stations, KOB 
fi rm

Along with the use of wood waste products for 
heating purposes, it is worthwhile to provide economi-
cally grounded involvement of wood waste products 
of hydrolytic factories (lignine) into the fuel balance 
of the Republic. In the city of Rechitsa, Gomel re-
gion, a new industrial station using lignine has been 
put into operation. Lignine resources are about 1 mil-
lion TSC per year, and an expedient volume of use 
is estimated to be 50,000 TSC per year. To solve the 
problem we need investment support, an application of 
the system of fi xed prices, and a normative legal base 
modernization specifi ed on tax pre ferences for enter-
prises producing electric and thermal energy from fi re-
wood.

WATER POWER RESOURCES

The installed capacity of 20 hydroelectric power 
stations (HPSs) in Belarus was 10.9 MW on 1 January 
2004. Due to water power resources about 28 million kWh 
of energy is produced annually. It is equivalent to the 
replacement of imported fuel at the rate of 7900 TSC. 
The potential capacity of all water channels in Belarus 
is 850 MW including technically accessible (520 MW) 
and economically expedient (250 MW) capacities [19].

The main directions of the development of small 
hydropower engineering in Belarus are the follow-
ing: construction of new HPS, reconstruction, and 
restoration of existing UPS. The unit capacity of each 
hydropower unit will be in the range of 50- 5000 kW 
(Table 2), and the preference in that case will be giv-
en to quick mounted hydropower units of the capsular 
type.

Having the capacity of hydropower units from 50 
to 150 kW it is possible to use asynchronous genera-
tors as the simplest and most reliable units in operation. 
As a rule, all the restored and newly constructed HPSs 
should work in parallel with power supply systems that 
will allow, in future, the simplifi cation of circuit and 
constructive decisions.
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Special attention in Belarus should be paid to the 
problems of cascade HPS construction on the rivers Sozh, 
Dnepr, and Pripyat because the possible scales of water 
fl ooding of the adjacent territories are limited by the 
zone contaminated with radionuclides.

WIND-DRIVEN POTENTIAL

On the territory of Belarus there are 1840 sites for 
the installation of wind energy stations with a theoretical 
energy potential of 1600 MW and annual power genera-
tion of 6.5 billion kWh [19]. On 1 January 2005 the total 
capacity of installed wind energy stations was 1.1 MW 
and the replacement volume was 0400 TSC (Table 3). 
In fact, in 2005 in Belarus there were only three wing 
stations («Ecodom», Naroch-2, «Areola» Minsk-1) with 
the total capacity of 850 kW, and one rotor wind energy 
Station (Fig. 3) with the total capacity of 250 kW situ-
ated on the territory Educational and Research Station 
Volma, ISEU.

The development allowing the transformation of wind 
power into electric power by means of traditional wing 
wind energy stations used so far, in conditions of Be-
larus were economically unjustifi ed. This fact was one 

of the reasons of the development of the rotor wind 
energy station (Fig. 3). However, modem technical 
development allows the creation of similar wing wind 
energy stations with a starting wind speed from 3 m/s 
and with rated operation speeds of 7-8 m/s. The cost of 
such stations is varying from $800 to $1200 for 1 kW of 
the established capacity. This makes such stations more 
attractive for use [20].

The Republic of Belarus is characterized by weak 
continental winds with the average speed of 4-6 m/s. 
Therefore, choosing the sites for the wind energy sta-
tions special tests and careful studies of FER on their 
application are req uired. In order to get an objective 
estimation about the reserve opportunity of full wind-
driven potential, it is also required to complete a cycle of 
experimental research. The necessity of parallel work of 
wind energy stations with power supply system brings 
some complications into the general scheme and, thus, 
expenses for creation and operation of wind energy sta-
tions will increase considerably. At the same time, while 
calculating the expenses also the necessity of creation and 
maintenance of power reserve on other types of power 
stations should be taken into account. According to expert 
predictions, no more than 5% of the general potential 

Ta b l e  2 .  Real and predicted volumes of the use of water and power resources for the electric energy production

Year Input capacity (MW)
Total installed 
HPS capacity

Increase of 
replacement volume 
(‚000 TSC per year)

Power generation 
(million kWh per year)

Total replacement 
volume (‘000 TSC)

2005 0.76 11.94 0.97 34.9 9.77

2006 0.55 12.49 0.70 37.4 10.47

2007 18.37 30.86 23.50 121.3 33.97

2008 23.30 54.16 29.80 227.8 63.77

2009 20.80 74.96 26.60 322.8 90.37

2010 15.00 89.96 19.20 391.3 109.57

2011 0.29 90.25 0.40 392.8 109.97

2012 5.50 95.75 7.00 417.8 116.97

Table 3. Real and predicted volumes of the use of wind-driven potential for electric energy production

Year
Total installed capacity of 
wind energy settings (MW)

Power generation (million 
kWh per year) (TSC)

Total replacement volume 
(000 TSC)

2005* 1.2 2.15 0.60

2006 1.7 3.04 0.85

2007 2.2 3.94 1.10

2008 3.7 6.62 1.85

2009 3.7 6.62 1.85

2010 3.7 6.62 1.85

2011 5.2 9.31 2.61

2012 5.2 9.31 2.61

*Actual power for today
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will be developed by the year 2005, i.e., 45 million kWh 
which is equivalent to 12,000 TSC.

Fig. 3. Overview of a rotor wind energy station, ISEU

One of the main directions of wind energy stations 
application will be their application for pump drive stations 
with low capacity (5-8 kW) and for water heating in the 
farming industry. These areas of application arc character-
ized by minimal requirements for electric energy quality 
that allows a simplifi cation and sharp reduction in the 
price of wind energy stations.

BIOGAS FROM LIVESTOCK WASTE

Tests results on biogas production from wastes of 
cattle-breeding complexes have proved that they are not 
economically competitive for only biogas production. 
The main reason is that it is possible to receive pollu-
tion-free and high-quality organic fertilizer without 
additional power expenses and as a result to reduce the 
power-consuming industry of mineral fertilizer produc-
tion proportionally. The application of biogas allows us 
to improve environmental situation near the large-scale 
farms and cattle-breeding complexes, as well as on 
the areas under crops where livestock wastes arc spread 
nowadays, and in addition to receive high-quality biohu-
mus fertilizers. Potential production of commodity biogas 
from cattle-breeding complexes is estimated to be 160 
000 TSC per year, and by 2005 it will be no more than 
15,000 TSC [19,2].

GEOTHERMAL RESOURCES

In the Republic of Belarus, geothermal resources with 
the density of more than 2 TSC/m2 and the temperature 
of 50°C at the depth of 1.4-1.8 km, and 90-100°C at 
the depth of 3.8-4.2 km are found in the Gomel and 
Brest regions [19]. However, high mineralization, low 
productivity of avai lable wells, small number of wells 
and, on the whole, our poor knowledge of this resource 
will not allow the development of this RES for the next 
10-15 years.

SOLAR ENERGY

According to meteorological data, on average in Be-
larus there are 250 overcast, 85 rainy, and 30 clear days in 
a year. To satisfy electric power needs of Belarus in the vol-
ume of 45 billion kWh, 450 km2 of heliostats are required. 
The price of heliostats is $450 per m2, which is equal to 
$202.5 billion without the expenses for the exploitation 
of the synchronizers, building and construction works, 
cables, control systems, technical services, infrastructure, 
etc. The listed com ponents will double the given sum.

Taking into account foreign experience and the experi-
ence gained from the building of a solar power station in the 
Crimea, specifi c capital investments and energy production 
costs are ten times higher using solar energy than using other 
sources. Technical progress in this area will promote the 
reduction of costs; however, in the case of Belarus, electric 
power production using solar energy will not be practical 
in the near future.

The main directions of solar energy utilization will 
be heliowater heaters and various heliostations for inten-
sifi cation and enhancement of drying processes as well 
as water heating in the farming industry [1,14].

In Belarus heliowater heaters with welded plastic 
collectors are worked out and prepared for large-scale 
manufacture. Therefore, the expensive heavy-metal pipes 
are not required for solar collectors, which makes their 
production more economical. Provided favorable condi-
tions of economic and manufacturing facilities, the widest 
application of heliowater heaters in southern regions of 
the Republic can be expected.

At the same time it is expedient to develop in Belarus 
the following resources:
 – Self-contained power supply with capacity starting 

from some watts up to 3-5 kW (home equipment, 
lightening, power supply of residential houses, lines 
of communication, etc.)

 – Modular photoelectric stations for rural consumers 
with the capacity from 0.5 to 1 kW based on the ele-
ments modern generation

The development of such sources and stations needs 
a number of research efforts to create modern materials, 
to improve the quality of the existing materials (based 
on silicium), to reduce its price and, consequently, the 
price of the fi nished products.

In the favorable conditions of economic and manufac-
turing facilities a replacement of about 25,000 TSC per 
year of organic fuel with solar energy can be expected 
by 2020.

In the ISEU the solar water heating station («Doma», 
Austria) with the capacity of 1.0 kW and the photoelectric 
station («Fotovoltaik», Austria) have been used success-
fully for more than 5 years. They arc used for emergent 
lighting of the ground fl oor and as a training and visual 
appliance in the educational process (Fig. 4). In the near fu-
ture it is planned to install also a photoelectric station with 
a capacity of 1.5 kW («Stromaufwaerts» Austrian fi rm) in 
the educational-hotel building of the University in Volma.
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DOMESTIC WASTE

The percentage of organic substances in domestic waste 
is about 40-75%. Domestic waste consists of 35-40% carbon, 
50-88% combustible components, and 40-70% ash. The 
caloric value of domestic waste is 800-2000 kcal/g [19,8].

In world practice, power production from domestic 
waste can be realized in several ways such as burning, 
active and passive gasifi cation. Gasifi cation has the great-
est potential in contrast to direct burning as the latter 
causes environmental problems. To solve these problems, 
an investment twice exceeding the cost of the burning 
stations would be needed.

In Belarus about 2.4 million tons of solid domestic 
waste is collected annually. They are dumped or directed 
to two waste reprocessing plants (in Minsk and Mogilev). 
Annually, the following amount of solid domestic waste 
is collected there (in thousand tons):
– Paper - 648.6.
– Food wastes-548.6.
– Glass-117.9.
– Metals - 82.5.
– Textile-70.8.
– Wood-54.2.
– Leather and rubber - 47.2.
– Plastic - 70.8 [19].

Fig. 4. Overview of solar water heating and photoelectric sta-
tions, ISEU

Potential energy of solid domestic waste collected 
in Belarus equals 470,000 TSC. In the case of biotreat-
ment of these wastes with the purpose of gas produc-
tion, the effi ciency will not exceed 20-25%, which is 
equal to 100,000-120,000 TSC. Long-term stocks of solid 
domestic waste from all large cities should be taken into 
consideration due to the problems of its storage. It could 
be possible to get about 50,000 TSC from the processing 
of solid domestic waste into gas in the regional cities 
of Belarus, while in Minsk this number could be equal 
to 30,000 TSC. The effi ciency of that direction should 
be estimated not only from the direct output of biogas, 
but also from the ecological component which is the 
basis in this problem. Certain characteristics of the 

effectiveness can be received on the basis of detailed 
design studies, creation, and operation of experimental-
industrial area. By 2005, it can be possible to get up to 
10,000 TSC.

PHYTOMASS

As a raw material for liquid and gas fuel production, 
a periodically RES -phytomass of fast-growing plants 
and trees - can be used. In the climatic conditions of the 
Republic, a great number of plants in the amount of 10 t 
of dry substance which is equal to 5000 TSC are collected 
from 1 ha of power plan tations. Using some additional 
agricultural methods the productivity of a hectare can 
be doubled. From this quality of phytomass it could be 
possible to get 5-7 t of liquid products equivalent to min-
eral oil. For raw material production the most appropri-
ate would be the use of worked out peat deposits where 
no conditions for agricultural crops can be found. The 
area of such deposits in the Republic is about 180,000 
ha, which can become a stable, pollution-free source of 
energy raw material in a volume up to 1.3 million TSC 
per year [4,16,11].

The use of rapeseed oil as an energy resource has 
great potential for the Republic of Belarus. The Republic 
has experience in rape cultivation; there are also some 
rapeseed-processing plants there. Taking into account 
the fact that rape does not accumulate radionuclides, its 
cultivation on the areas contaminated after the Chernobyl 
accident becomes particularly important. There is some 
experience gained in that direction. Thus, for example, in 
2005 a diesel power station with the capacity of 300 kW 
(electric energy) and 400 kW (thermal energy) running 
on rapeseed oil was installed and put into operation by 
the Institute of Radiology, Otto Hugo Munich University 
together with ISEU. This station was put into opera-
tion in the milk-processing plant in Khoiniki within the 
framework of a humanitarian project – Fig. 5.

Fig. 5. Overview of diesel power station, working on rapeseed 
oil in Khoiniki

The lack of experience in the wide use of phytomass 
for energy production does not allow the estimation 
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of the expenses and future prices of the fuel. Special 
techniques, road infrastructure, reprocessing enterprises, 
etc, should be developed for this purpose. However, ac-
cording to the integrated calculation the price adds up 
to $35 per TSC. According to the expert estimations by 
the  year 2012, about 70,000-80,000 TSC can be received 
due to the use of phytomass for energy production [3,17,5].

PLANT GROWING WASTE

The use of plant growing waste for energy produc-
tion is considered to be a fundamentally new direction 
in energy savings. Practical experience of plant growing 
waste application as the energy earner has been acquired 
in Belgium and the Scandinavian countries, but not yet 
in Belarus. The total potential of plant growing waste is 
estimated to be about 1.46 million TSC per year (Table 4) 
[19]. The decisions on expedient volumes of burning 
plant growing waste for fuel production should be made 
by comparing certain economic needs. By the end of 
the predicted period this value is estimated at the level 
of 40,000-50,000 TSC.

Ta b l e  4 .  Real and predicted volumes of the biogas pro-
duction, domestic waste, phytomass for electric and thermal 
energy production

Energy 
resource 
(‚000 TSC) 

2007 2008 2009 2010 2011 2012

Biogas 6.6 13.2 19.8 26.4 32.9 39.5

Domestic 
wastes

4.9 9.9 14.8 19.8 24.7 29.6

Phytomass 12.4 24.7 37.1 49.4 61.8 74.1

Total 23.9 47.8 70.7 95.6 119.4 143.2

From Table 4 it can be seen that due to all renewable 
and alternative energy sources, as well as thermal sec-
ondary power resources, mineral oil, oil gas and peat, 
the volume of local energy carriers is estimated as 6.75 
million TSC per year.

CONCLUSIONS

A working system on the development of the poten-
tial including educational programs for decision-making 
people and users of technologies should be ca r r ied out 
for the further development and application of alterna-
tive energy sources in Belarus. In spite of great efforts 
undertaken by the State Committee of Energy Effi ciency 
and other authorities, alternative power is introduced in 
Belarus by a small number of pilot projects and tech-
nologies. The most successful projects are those using 
wood waste products for gasifi cation with the subsequent 
burning and generating of thermal energy; also some 
small HPSs, four powerful industrial wind energy sta-
tions belonging to «Ecodom», «Areola», and ISEU; and 

one biogas station. Still, that is not enough. One of the 
low-cost ways to improve the present situation in wind-
power engineering in modern economic conditions is 
to import second-hand wind energy stations with the 
capacity exceeding 100 kW. It is connected with the fact 
that in Europe wind energy stations with the capacity 
of 100-200 kW in the near f u t u r e  w i l l  be replaced by 
more powerful stations with the capacity from 600 kW up 
to 2.5 MW. The diagram given in Figure 6 describes 
the prospects of RESs and local fuel type development. 
A percentage of total consumption of FERs is given by 
nongovernmental organizations and State Committee of 
Energy Effi ciency.
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Fig. 6. Prospects of the development of alternative energy sour-
ces and local fuel types up to 2020 (ratio of total consumption 
FER, %)

On the whole, the described tendencies of the al-
ternative and RESs development in the Republic of 
Belarus meet the same tendencies in Europe. The ap-
plication of new technologies of biogas production from 
a renewable biomass - rapeseed oil for diesel engines 
and ethanol for carburetor engines - shows considerable 
promise for Belarus. Experience of some agricultural 
productions in the Grodno and Gomel regions has shown 
ecological expediency of the application of these technolo-
gies. It is very important to complete and update these 
technologies to the industrial level for local conditions 
and to introduce them into production by 2020. During 
this period the drastic cost increase for liquid mineral 
fuel is predicted with signifi cant reduction of its natural 
resources.

The application of new technologies of biomass 
utilization (fast-growing wood, wood waste products) 
as boiler-stove fuel is also a very important question 
during the mentioned period. In Belarus production 
facilities for wide introduction of biomass gasifi cation 
technologies already exist; also pilot projects on the de-
velopment of these technologies have been carried out
there with the support of UNDP and other international 
organizations. The development of these technologies 
will be especially important for cities and towns with 
wood-processing power and an advanced agrarian 
sector.
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S u m m a r y. Thermoplastic starch (TPS) can play an im-
portant role in the processing of packaging materials. For years 
the Department of Food Processing has been carrying out in-
vestigations in this fi eld. Biodegradability test results of TPS 
moulding enriched with functional additives are presented in 
the paper.

K e y  w o r d s : biodegradability, thermoplastic starch, 
TPS, extrusion, mouldings.

INTRODUCTION

Packaging wastes are now one of the greatest threats 
to civilization. A big hope for a reduction and perhaps 
the solution to this problem can be seen in the use of 
thermoplastic starch (in short TPS). 

TPS can be used as a stand-alone packaging mate-
rial or as an additive which improves the degradation 
of plastics [1, 3, 4, 5, 7, 9, 10, 11]. Starch is biodegrad-
able in a short time to CO

2
 and water. It is a polymer of 

6-carbon sugar D-glucose, regardless of the botanical 
origin. Packaging materials made from thermoplastic 
starch can be produced by many different methods. 

The single-stage method consists in applying low tem-
perature synthetic polymers and starch mixture directly to 
the machine producing packaging material, e.g. to the plastic 
extruder. In the second stage the granules, as a half product, 
are processed with conventional equipment using fi lm blow-
ing or high pressure injecting moulding techniques [9, 10]. 

In order to obtain thermoplastic starch, the crystalline 
nature of starch granules must be destroyed, which can be 
done by thermal and mechanical processing [5, 9, 16]. Be-
cause the melting point of pure starch is much higher 
than its decomposition, during processing a plasticizer, 
like water, is added. Under the infl uence of temperature 
and shear forces natural crystalline structure of starch 
granules is crushed. In this way polysaccharides make 
a continuous polymer phase. To increase the fl exibility of 
the material and improve the processing other plasticisers 

are used, for example: glycerol, propylene glycol, glucose 
or sorbitol [1, 9, 18, 19, 20]. Glycerol is the best and most 
common plasticizer. To improve the mechanical proper-
ties of rigid TPS packaging forms, different functional 
additives such as emulsifi ers, cellulose, plant fi bers, bark, 
kaolin and pectin are used [12, 13, 14, 15, 17, 21]. 

For years researches on TPS application in the pro-
duction of fully biodegradable packaging materials based 
on potato starch and cereal starch have been conducted 
at the Department of Food Process Engineering (DFPE), 
University of Life Sciences in Lublin [3, 5, 12, 13, 14, 
15]. The physical properties of the obtained TPS fi lms 
are very promising (Fig. 1), as well as the mouldings 
produced in cooperation with Dutch colleagues from the 

Biodegradability of thermoplastic starch (TPS)
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Fig. 1. The blowing of biodegradable TPS fi lm in DFPE la-
boratory [5]
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Royal University of Groningen. The biodegradability of 
these products is also analyzed during investigation [11].

BIODEGRADABILITY TESTS 
OF TPS MOULDINGS

Samples of mouldings (moisture content 4%) were 
placed in special baskets with the soil of following pa-
rameters: moisture content 70%, pH 6.5, and kept for 2, 
4, 8 and 12 weeks in an unheated room at the temperature 
10 – 15 oC (Fig. 2). Twice in a week water was supple-
mented to provide constant conditions. In order to widen 
scope of observation a number of samples were stored 
individually in the cooling room at the temperature of 
+3 oC and -36 oC [11].

The mouldings were produced from potato TPS gran-
ules containing different amount of glycerol and func-
tional substances (fl ax and cellulose). After two weeks 
of storage the mouldings were taken out, weighed and 
dried to 4% m.c. then again weighed to determine weight 
loss. The last part of the test was the texture measure-
ment, which was done using Zwick apparatus type BDO-
FB0.5TH to determine range of changes in mechanical 
properties of the samples during the storage [12].

Fig. 2. Mouldings placed in the baskets with soil [11]

Fig. 3. A sample of moulding after 2 weeks of storage [11]

MEASUREMENT RESULTS

During measurements a substantial but varied weight 
loss of mouldings was observed during storage time. Af-
ter the fi rst two weeks of storage all samples lost weight 
rapidly (from 13% - samples containing 20%   glycerol to 

about 23% - samples containing 25% glycerol). The high-
est change in weight was observed after 12 weeks. The 
inner moulding’s layers (the core) decomposed slower on 
contact with soil than moulding’s topcoat. It was observed 
that with increasing content of glycerol in the moulding’s 
recipe, changes in weight (loss) were increased. 

Increase in fl ax fi ber content of fl ax limited the rate 
of destruction of the samples stored during 2 weeks [11]. 
In subsequent periods of storage (4 to 12 weeks) the 
weight loss was slower (2 - 6% for all samples).  In the 
initial period of storage many changes on the surface of 
moulded parts were created because of the biodegrada-
tion process (cracks & fi ssures seen in Fig. 3). Samples 
produced without the addition of fi bers and mouldings 
containing cellulose fi ber crumbled and cracked easily 
during endurance tests (Fig. 4). After 12 weeks only 
samples containing added fl ax fi bers had enough consist-
ency to be able to undergo measurements of strength.
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Fig. 4. Infl uence of storage temperature and the quantity and 
type of natural fi bers in mouldings on the magnitude of maxi-
mum stress of mouldings during tension test (glycerol 22%, 
storage time 24h) [11]

CONCLUSIONS

1. Enrichment of TPS mouldings with functional compo-
nents gives a very positive effect on their mechanical 
properties without lowering biodegradability supple-
ness, which has a practical value for the producers. 

2. Results obtained by DFPE researchers confi rm the 
possibility of the production of fully biodegradable 
packaging material based on TPS.

3. The present study demonstrates the usefulness of fur-
ther work to improve the application of TPS in the 
production of packaging materials. 

4. At the present time, we are looking for the best use of 
natural materials; starch seems to be a good alternative 
in this case. What is important – packaging mate-
rial made   from TPS can be produced using conven-
tional machinery and equipment, typical for synthetic 
polymers sector. 
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S t r e s z c z e n i e . Skrobia termoplastyczna (TPS) 
mo e odgrywa  istotn  rol  w produkcji opakowa . Kat-
edra Technologii ywno ci od lat prowadzi badania na ten 
temat. W niniejszym artykule przedstawiono wyniki testów 
biodegradowalno ci form z TPS wzbogaconych dodatkami 
funkcjonalnymi.

S o w a  k l u c z o w e : biodegradowalno , skrobia termo-
plastyczna, TPS, ekstruzja, formy.
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Summary. This paper presents results of process effi cien-
cy and specifi c mechanical energy consumption (SME) during 
the extrusion-cooking of thermoplastic starch (TPS). The tests 
proved that the process effi ciency of TPS extrusion-cooking 
largely depends on the amount of plasticizer. With the increase 
of plasticizer in the mixture reduction in process effi ciency 
was observed. Higher moistening of raw materials resulted 
in increased TPS effi ciency. SME values   ranged from 0.060 
to 0.076 kWh.kg-1 and were dependent on the extruder-cooker 
screw speed, the mixture recipe and multiplicity of extrusion 
repetitions for thermoplastic starch processing.

K e y  w o r d s : thermoplastic starch, extrusion-cooking, 
process effi ciency, SME. 

INTRODUCTION

Potatoes, corn, rice, tapioca, wheat, rye are only some 
of plants which are widely used to extract the starch. 
Starch can be added in varying amounts to plastics to 
get more environmentally friendly materials [5, 22, 23]. 
Due to the amount of starch in the mixture for the pro-
duction of biodegradable plastic materials there should 
be mentioned plastic-modifi ed starch (from 5 to 15% 
starch) and plastics based on starch with (40-60) % starch 
content. 

 Scientists constantly aim at complete replacement of 
plastics by natural materials. Thermoplastic starch (TPS) 
can be one of those materials [3, 9, 12]. In biopolymers 
starch added to the mixture occurs in two forms: native 
and extruded form. Extruded starch is different than the 
native starch as to rheological and physical properties, 
including the structure. Extruded starch also has a much 
higher solubility in water [2, 18].

TPS can be obtained by destroying the crystalline 
nature of starch granules by thermal and mechanical 
processing [1, 8]. The process needs addition of plasti-
cizers (e.g. water), because the melting point of pure dry 
starch is much higher than its temperature of decomposi-

tion. Shear forces and temperature cause a break of natural 
crystalline structure of starch granules. The continuous 
polymer phase is creating. 

During the extrusion-cooking process other plasticiz-
ers, like glycerin, propylene glycol, glucose or sorbitol, 
can be used to increase fl exibility and improve material 
properties, but glycerol is most commonly used. Addi-
tion of sorbitol induces water and oxygen vaporization 
through the produced TPS fi lm. Fat added to starch re-
duces the water vapor permeability. Various functional 
additives, such as emulsifi ers, vegetable fi bers, bark or 
cellulose are also used during the manufacturing process 
to change mechanical properties of rigid forms of TPS 
packaging. 

Thermoplastic starch can be used as a standalone 
packaging material or as a component which improves 
degradation of plastics. Application of TPS is possible 
due to the relatively short time of degradation to CO

2

and water. Biocomposites which are enriched with starch 
are used for fi lms, containers, and in the production of 
foams used in packaging sector [11, 13].

MATERIALS AND METHODS

In the experiments potato and cereal starches were 
used, additives were: glycerol and water. Moisture of 
prepared mixtures was from 15 to 28% using the meth-
od described by Szymanek and Sobczak [17]. Glycerol 
content was from 15 to 30% of dry starch mass. The 
extrusion-cooking process was carried out with a modi-
fi ed single screw extrusion-cooker type TS-45 (Polish 
design) equipped with elongated plastic-forming section 
and additional barrel-cooling section before the die [10, 
20, 21]. Technical parameters of the equipment were as 
follow: L/D=16/1, screw rotation speed regulation from 
50 to 130 rpm, forming die with 3 openings 1.5 mm each. 
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Prepared mixtures were processed at the temperature 
ranged from 80 to 100°C with screw speed 80 and 100 
rpm. The process effi ciency was measured by products 
collection after 10 minutes of regular production for each 
sample at different conditions. The measurements were 
registered six-times. 

Power consumption was measured using standard 
register connected to extruder’s motor for each recipe 
and screw speed used [16, 19]. After the consideration 
of motor load and process effi ciency, the SME (specifi c 
mechanical energy) values were calculated according to 
the method described by Ryu and Ng [15]:

rpm[test] % motor load motor power[rated] kWh
SME

rpm[rated] 100 feed rate kg

� �
= × × � �

� �

RESULTS

Effi ciency of TPS processed by extrusion-cooking 
depended on glycerol content in prepared mixtures [6]. 
Process effi ciency decreased with increasing glycerol 
content in the mixture. Increase of glycerol content in the 
prepared mixture caused almost twice lower effi ciency 
at extreme contents of glycerol at 80 rpm screw speed. 
With higher screw speed process effi ciency increased. It 
has been observed that during processing highest glyc-
erol content the effi ciency of the samples with extru-
sion-cooking at 100 rpm screw speed was almost 50% 
smaller. 

Fig. 1. Effi ciency of potato TPS extrusion-cooking depend on 
glycerol content and mixture moisture

Mitrus [6] has found that also an important role 
is played by moisture content of processed material. 
Analyses have shown that extrusion-cooking effi ciency 
increased with higher moisture of potato starch prepared 
mixture (Fig. 1). If higher glycerol content in the mixture 
was used, the increase in effi ciency was more intense. 
TPS extrusion effi ciency was almost the same for samples 

with moisture content of 25%. With increase of moisture 
content of raw materials over 20% the effi ciency has 
been reduced. There was only one exception – a mix-
ture with 30% content of glycerol. In this case TPS 
extrusion-cooking effi ciency was increased with higher 
moisture.

Using different types of starches, differences in 
TPS effi ciency were observed (Fig. 2). For all the tested 
starches, it was observed that the higher content of glyc-
erol in prepared mixtures reduced process effi ciency [6]. 
The highest effi ciency was recorded using potato starch. 
The smallest values, twice as low as for potato, were 
reported in the case of wheat starch. 

Effi ciency of TPS extrusion-cooking process de-
pends on the number of extrusion repetitions for the 
same material (Fig. 3). It was observed that the effi ciency 
of the extrusion-cooking of thermoplastic potato starch 
decreased at multiple extrusions, regardless of glycerol 
content in the prepared mixture [6].
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In industrial starch processing with application of 
extrusion-cooking technology determination of specifi c 
mechanical energy consumption (SME) is an important 
parameter to obtain the product unit costs [4].

It was observed that changes in SME during TPS pro-
duction are mostly dependent on prepared mixture recipe 
and extrusion-cooker screw speed [6, 7]. The SME values 
decreased with higher glycerol content in the mixture 
(Fig. 4). Furthermore, it was noted, that with increasing 
the extrusion-cooker screw speed the specifi c mechanical 
energy consumption also has been increased. For mixtures 
with 15% of glycerol content processed at 100 rpm the 
SME values were 0.068 kWh.kg-1. For the same mixtures 
processed at 80 rpm recorded values were 0.06 kWh.kg-1.
The lowest values of specifi c mechanical energy consump-
tion were obtained for mixtures with 30% glycerol con-
tent. Studies have shown that during TPS production SME 
values depend on moisture of prepared mixture [6, 7, 14]. 

If moisture was higher, SME values were also higher. 
During the extrusion-cooking of potato starch with 20% 
of glycerol content and at 20% of moisture content the 
highest specifi c mechanical energy consumption was 
noted (0.076 kWh.kg-1).The results for all starches showed 
that the values of the SME decreased with increased 
glycerol content in mixture (Fig. 5). 
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Fig. 6. Values of SME depending on extrusion-cooking repeti-
tions of potato starch

During the potato TPS extrusion-cooking the lowest 
values of the specifi c mechanical energy consumption 
were recorded. The highest SME values were obtained 
during the extrusion-cooking of wheat starch.

During higher number of extrusion-cooking rep-
etition of potato starch the various values of SME was 

observed (Fig. 6). If the extrusion-cooking was multiple 
repeated for the same material, specifi c mechanical energy 
consumption was lower [6, 7].

CONCLUSIONS

The obtained results demonstrated that the process 
effi ciency of thermoplastic starch extrusion-cooking de-
creased with increase of glycerol content in mixture and 
with higher number of extrusion repetition for the same 
material. The process effi ciency increased with increased 
of moisture content of potato starch.

The extrusion-cooking of TPS is related with com-
paratively low energy requirements (0.07 kWh.kg-1 on 
average). During the study it was observed that power 
consumption during extrusion-cooking depended on 
the composition of prepared mixtures. The increase of 
glycerol content in the mixture decreased the specifi c 
mechanical energy consumption. SME values were also 
depending on the screw speed applied during the extru-
sion-cooking and with multiple repetition of extrusion. 
The studies indicate the possibility of obtaining optimal 
values   of specifi c mechanical energy consumption and 
effi ciency of TPS extrusion-cooking. 

The obtained results allow for the conclusion that 
processing of TPS by extrusion-cooking is promising 
and has to be continued in order to improve production 
of biodegradable starch packaging materials. 
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WYBRANE ASPEKTY PRODUKCJI 

SKROBI TERMOPLASTYCZNEJ

S t r e s z c z e n i e . W niniejszym artykule przedstawiono 
wyniki pomiarów wydajno ci i energoch onno ci procesu eks-
truzji skrobi termoplastycznej (TPS). W trakcie bada  stwier-
dzono, e wydajno  procesu ekstruzji TPS zale y w du ym
stopniu od ilo ci plastyfi katora. Wraz ze wzrostem udzia u
procentowego plastyfi katora w mieszance surowcowej zaob-
serwowano obni enie wydajno ci procesu. Wy sza wilgotno
mieszanki surowcowej skutkowa a wzrostem wydajno ci TPS. 
Warto ci SME wynosi y od 0,06 do 0,076 kWh.kg-1 i uzale -
nione by y od pr dko ci obrotowej limaków ekstrudera, sk adu
surowcowego oraz krotno ci ekstruzji skrobi termoplastycznej. 

S o w a  k l u c z o w e : skrobia termoplastyczna, ekstruzja, 
energoch onno , wydajno .
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S u m m a r y. The aim of the work was to evaluate the rela-
tionships between the specifi c grinding energy and the milling 
results. The investigations were carried out on nineteen Europe-
an wheat cultivars (Triticum aestivum, ssp. vulgare). The grain 
came from the fi eld experiment conducted in 2010 at Osiny 
Experimental Station belonging to the Institute of Soil Science 
and Plant Cultivation located in Pu awy. The conditioned ker-
nels were then milled using a Buhler MLU 202 laboratory mill 
(Bühler AG, Uzwil, Switzerland) and SK labolatory mill. The 
specifi c grinding energy ranged from 17.0 kJkg-1 (Kobra Plus 
and Legenda) to 29,9 kJkg-1 (cv. Parabola). The results showed 
statistically signifi cant and negative correlation between the 
specifi c grinding energy and break fl our yield (r = -0,761). 
Also the negative correlation was shown between the grind-
ing energy and the total fl our yield (r=-0,625). Furthermore, 
the positive and signifi cant correlation was found between the 
reduction bran yield and the specifi c grinding energy (r=0,641). 
The results showed that specifi c grinding energy is a useful tool 
for milling results prediction. 

K e y  w o r d s : wheat, milling, grinding energy, fl our.

INTRODUCTION

Wheat has become one of the most important crops 
mainly due to its wheat grain used to fl our production. 
Wheat milling is the most important unit process in wheat 
processing. The milling methods and milling parameters 
depend on the direction of wheat use. The most common 
way of wheat kernel size reduction is a gradual reduction 
process during the wheat fl our milling. This breaks down 
the tempered wheat grain in a series of grinding stages. 
Each grinding stage produces a blend of coarse, medium 
and fi ne fractions including fl our. These mixtures are 
then sieved and purifi ed to allow for a good separation of 
bran and endosperm. Adding moisture to wheat prior to 
milling facilitates breakage of endosperm while making 
bran more resistant to breakage [7]. The fl our obtained 
in this way consists mainly of the starchy endosperm, 

whereas bran with the aleurone layer and germs are by-
products [18]. While almost any wheat can be milled, 
millers produce a wide range of fl ours with can be used 
to produce variety of products that have good sensory 
properties. The different types of grinding mills can be 
used to this end. However, the most commonly applied 
in practice are the roller mills [19].

The grinding performance depends on the size reduc-
tion method and the properties of raw materials. Several 
studies have addressed the prediction of wheat milling 
value on the basis of physical properties of wheat grain. 
Among all the properties of wheat kernel, its hardness 
has the most signifi cant infl uence on the milling process 
[5]. Grain hardness is a key variety trait for milling. Hard 
and soft wheat has different processing requirements and 
end-uses. Wheat hardness results mainly from the degree 
of adhesion between starch granules and the surrounding 
protein matrix [10]. This property affects the tempering 
requirements, fl our particle size, fl our density, starch 
damage, water absorption, and milling yield [12,21]. Also 
other properties of wheat are commonly determined, 
including: test weight, vitreousness, true density, kernel 
size and weight, and protein content [15,3,8].

The grinding energy depends mainly on wheat me-
chanical properties. Thus the grinding energy can be an 
indirect indicator of wheat mechanical properties and cor-
related strongly with grain hardness [6,4]. The objective 
of this study was to investigate the relationships between 
specifi c grinding energy and wheat milling results. 

MATERIALS AND METHODS

MATERIAL

Investigations were carried out on nineteen Euro-
pean wheat cultivars (Triticum aestivum, ssp. vulgare): 

The grinding energy as an indicator of wheat milling value
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Bogatka, Bombona, Bryza, Cytra, Figura, Kobra Plus, 
Legenda, Nawra, Ostka Strzelecka, Parabola, Raweta, 
Rywalka, Smuga, Tonacja, Tybalt, Vinjet, Wydma, Zadra, 

ura. The grain came from the organic fi eld experiment 
conducted in 2010 at Osiny Experimental Station belong-
ing to the Institute of Soil Science and Plant Cultivation 
(State Research Institute) located in Pu awy. The grain 
initial moisture content of kernel ranged form 8.5 to 
9.8% (w.b.). The samples of wheat were prepared by 
adding water to adjust moisture content to 14% (w.b.) 
and storing for 48 h. 

THE GRINDING ENERGY EVALUATION

The samples (50 g) were milled using SK labora-
tory roller mill. Four grinding stages were applied. The 
roll gap was 0.85 mm for the fi rst stage, 0.4 mm for the 
second stage, 0.25 mm for the third stage and 0.15 mm 
for the fourth stage. 

The changes in the power consumption of the electric 
current during the grinding process were recorded us-
ing laboratory equipment including a grinding machine, 
transducer of power and a special data acquisition card 
connected to a PC computer and operated with special 
computer software. The detailed description of the labora-
tory mill has been provided by Dziki et al [3].

The total grinding energy (E
c
) was calculated ac-

cording to the equation: 

0

t

cE Pdt= 	 , (1)

where:
P – the power consumption during grinding process 

(W),
t – the time of grinding (s).
It was assumed that the power consumption during 

the kernel grinding process is the difference between 
the total grinding power and the power of transmission 
system during the idle running. The idle running energy 
lose was calculated as follow:

0

t

s jE P dt= 	 , (2)

where:
P

j
 – the power consumption during idle running (W).

The specifi c grinding energy was calculated accord-
ing to the formula:

c s
r

E E
E

m

�
= , (3)

where:
m – the mass of the grinding sample (kg).
The specifi c grinding energy was carried out in ten 

repetitions.

THE MILLING PROCESS 

Three kilograms of cleaned wheat kernel from each 
cultivar were conditioned in two steps. First, water was 

added to increase the moisture content of wheat ker-
nel to 13.5% (w.b.) moisture level 24 h before milling. 
Then, kernel moisture was increased to 14% (w.b.) fol-
lowed by 30 min tempering. The conditioned kernels 
were then milled using a Buhler MLU 202 Laboratory 
Mill (Bühler AG, Uzwil, Switzerland). The gap settings 
and the size of screens used in the mill are presented in 
Table 1. The break fl our and the reduction fl our were 
obtained by blending the fl ours from the breaking and 
reduction stages, respectively. The total fl our was ob-
tained by blending break fl our with the reduction fl our. 
The individual fl our yields were expressed as the per-
centage in weight of ground grains. The content of total 
ash was determined [13] and the index of milling ef-
fi ciency was calculated as a ratio of the total fl our yield 
to fl our ash content [1,2]. The milling process and the 
determination of the total ash content were carried out 
in triplicate. 

Ta b l e  1 .  The roll gaps settings and size of screens used 
in the mill. 

Stage Roll gap (mm) Size of screen (mm)

S
I
* 0.52 0.244

S
II

0.10 0.180

S
III

0.07 0.150

W
1

0.05 0.225

W
2

0.01 0.180

W
3

0.01 0.150

*S
I
, S

II
, S

III
 – the fi rst, the second and the third breaking stage, 

respectively,
W

1
, W

2
, W

3
 – the fi rst, the second and the third reduction stage, 

respectively

STATISTICAL ANALYSIS

Statistical analysis of the data collected in this study 
were conducted with Statistica 6.0 software (StatSoft Inc., 
Tulsa, USA). Variance analysis (using Tukey’s test) was 
used to determine statistical differences between treat-
ment groups. Correlation analysis was also carried out 
on the data. All the statistical tests were carried out at 
a signifi cance level of  = 0.05.

RESULTS AND DISCUSSION

The results showed that the specifi c grinding energy 
ranged form 17.0 kJkg-1 (Kobra Plus and Legenda) to 
29,9 kJkg-1 (cv. Parabola) (Fig. 1). The specifi c grinding 
energy is one of the most frequently determined param-
eters characterizing the grinding process [9,20,14] found 
that the total specifi c milling energy ranged from 46 
kJ·kg 1 for soft wheat cultivars to 124 kJ·kg 1 for durum 
wheat. 

The results of wheat milling process were given in 
tables 2 and 3. The yield of break fl our ranged from 
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15.5% (cv. Bombona) to 22.2% (cv. Rywalka). The low-
est yield of reduction fl our was obtained for Nawra and 

ura (53.1% and 53.4%, respectively), and the highest 
for Bombona (59.1%).

Ta b l e  2 .  The milling results 

Cultivar BFY* (%) RFY (%) BBY (%) RBY (%)

Bogatka 20.7hij** 55.4fg 12.7cd 11.2bcd

Bombona 15,5a 59.1j 13.2cde 12.2defg

Bryza 19cde 55.7fg 14.8ij 10.5b

Cytra 17.9b 56.0gh 15.1j 11.0bc

Figura 21.2j 54.4cde 11.9ab 12.5efg

Kobra Plus 20.8jk 58.3i 12.5bc 8.4a

Legenda 20.5hij 55.4fg 12ab 12.1cdef

Nawra 19.3def 53.1a 13.8fgh 13.8h

Ostka 
Strzelecka

19.5efg 54.3cde 12.7cd 13.5gh

Parabola 17.9bc 55.7fg 14gh 12.4cdef

Raweta 18.3bc 54.3cd 14.4hi 13fgh

Rywalka 22.2k 53.6ab 12ab 12.2cdef

Smuga 19.7efgh 55def 13.2def 12.1cde

Tonacja 20.2ghi 56.5h 11.8a 11.5bcde

Tybalt 18.4bcd 55.1ef 13.9gh 12.6efg

Vinjet 20.8ij 54.1bc 14gh 11.1bc

Wydma 19.8fghi 54.6cde 12.9cd 12.7efg

Zadra 19.9fghi 54.4cde 13.6efg 12.1cdef

ura 20.4hij 53.4ab 14gh 12.2cdef

*BFY – break fl our yield, RFY – reduction fl our yield, BBY –
break bran yield, RBY – reduction bran yield, **the values designated 
by the different letters in the columns of the table are signifi cantly 
different (  = 0.05);

The total fl our extraction ranged from 72.4% to 79.1% 
for Navra and Kobra Plus, respectively (Table 3). Flour 
extraction depends mainly on both the kernel properties 
and the manner of milling. However, during production 
of white fl our apart from yield also the fl our ash content 
has a signifi cance for milling results. Since ash is pri-
marily concentrated in the bran, ash content of fl our is 
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Fig. 1. The results of specifi c grinding energy of individual wheat cultivars
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an indicator of the yield and purity of the fl our. In many 
countries wheat fl our is classifi ed according to the ash 
content. One of the best indicators of wheat milling value 
is a milling effi ciency index (MEI), which is defi ned as 
a ratio of total fl our yield to fl our ash content, the higher 
value of this index the better the milling value of wheat 
[1]. The results showed that the MEI ranged from 100.3 
(cv. Bryza) to 118.5 (cv. Tybalt).

Ta b l e  3 .  Total fl our yield, fl our ash content and milling 
index for the investigated wheat cultivars

Cultivar TFY* (%) FAC (%) MEI

Bogatka 76.1ef** 0.681efg 111.1cdef

Bombona 74.6cde 0.639bcd 116.6ef

Bryza 74.7cde 0.745i 100.3a

Cytra 73.9bc 0.721hi 102.6ab

Figura 75.6def 0.695fgh 108.8bcd

Kobra Plus 79.1g 0.702fgh 113.0cdef

Legenda 75.9ef 0.660cde 115.0def

Nawra 72.4a 0.635bc 114.0cdef

Ostka Strzelecka 73.8abc 0.632abc 117.1ef

Parabola 73.6bc 0.671def 109.9cde

Raweta 72.6ab 0.705gh 103.0ab

Rywalka 75.8def 0.655cde 115.7def

Smuga 74.7cde 0.601a 124.5g

Tonacja 76.7f 0.675efg 113.6cdef

Tybalt 73.5abc 0.621ab 118.5fg

Vinjet 74.9cde 0.695fgh 107.8bc

Wydma 74.4cde 0.672def 111.0cde

Zadra 74.3cd 0.670def 110.9cde

ura 73.8abc 0.671def 113.5cde

*TFY – total fl our yield, FAC –fl our ash content, MEI – milling 
effi ciency index, **the values designated by the different letters in the 
columns of the table are signifi cantly different (  = 0.05);

The results showed signifi cant correlation between 
the specifi c grinding energy and break fl our yield (Fig. 2). 
As the grinding energy increased the break fl our yield 
decreased (r = 0,761). Also, the negative correlation was 
found between specifi c grinding energy and total fl our 
yield (r= -0,625) (Fig. 3). Literature data showed that 
during milling, the wheat hardness signifi cantly affected 
the break fl our yield and the total fl our yield [16,10,17]. 
The soft wheat kernels are characterized by a higher 
break fl our, because degree of adhesion between starch 
granules and protein matrix is week and thus the higher 
mass fraction of fi ne particles is produced [11,21].

y = -0,2969x + 26,246

r = -0,761
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Fig. 2. The relationship between specifi c grinding energy and 
break fl our yield
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Fig. 3. Relationship between specifi c grinding energy and the 
total fl our yield

The positive and signifi cant correlation was also found 
between the reduction bran fl our yield and the specifi c 
grinding energy (Fig. 4). The coeffi cient of correlation 
was signifi cant, but relatively low (r= 0,641).
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Fig. 4. The relationship between specifi c grinding energy and 
bran yield reduction

CONCLUSIONS

On the basis of the obtained investigation results the 
following conclusions were formulated:

1. The specifi c grinding energy ranged from 17.0 kJkg-1

(Kobra Plus and Legenda) to 29,9 kJkg-1 (cv. Parabola). 
2. The results showed statistically signifi cant and 

negative correlation between the specifi c grinding energy 
and: break fl our yield (r = -0,761), and total fl our yield 
(r = -0,625).
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3. The positive correlation was found between grind-
ing energy and reduction bran yield (r= -0,641).

4. The results showed that specifi c grinding energy 
is a useful tool for predicting fl our yield. 
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ENERGOCH ONNO  ROZDRABNIANIA 

JAKO WSKA NIK WARTO CI PRZEMIA OWEJ

ZIARNA PSZENICY 

S t r e s z c z e n i e . Celem pracy by o okre lenie zale no ci
mi dzy energoch onno ci  jednostkow  rozdrabniania a wyni-
kiem procesu przemia u ziarna pszenicy. Materia  badawczy 
stanowi o 19 europejskich odmian pszenicy zwyczajnej (Tri-

ticum aestivum, ssp. vulgare). Ziarno pochodzi o ze zbiorów 
z 2010 roku, ze Stacji Eksperymentalnej w Osinach, nale cej
do Instytutu Uprawy, Nawo enia i Gleboznastwa w Pu awach.
Ziarno kondycjonowano do 14% wilgotno ci i poddawano 
przemia owi laboratoryjnemu, wykorzystuj c m yn Buhler 
MLU 202 oraz mlewnik walcowy typu SK. Stwierdzono, e
energoch onno  jednostkowa rozdrabniania kszta towa a si
od 17.0 kJkg-1 (odmiany Kobra Plus i Legenda) do 29,9 kJkg-

1 (odmiana Parabola). Parametr ten istotnie i ujemnie korelo-
wa  z wyci giem m ki rutowej (r=-0,761) oraz z ca kowitym
wyci giem m ki (r=-0,625). Ponadto wykazano wyst powanie
dodatniej korelacji mi dzy energoch onno ci  jednostkow
rozdrabniania a wydajno ci  odtr b rutowych (r=0,641). Prze-
prowadzone badania wykaza y, e energoch onno  jednostko-
wa rozdrabniania mo e by  u ytecznym narz dziem w progno-
zowaniu warto ci przemia owej pszenicy. 

S o w a  k l u c z o w e : pszenica, przemia , energia rozdrab-
niania, m ka.
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S u m m a r y. The paper presents the results of studies on 
the percentage variation in protein and fat content in bean seed 
covers Phaseolus vulgaris L. of Pi kny Ja variety, during the 
germination process at a temperature of 20 °C ± 1 °C. The fi rst 
samples were collected for analysis the next day from the start 
of the experiment while the others were taken every 24 hours 
during 5 consecutive days. The experiment showed an increase 
in fat content in seed covers (0.94 g 100g-1 dm –1.35 g 100g-1

dm) and simultaneous reduction in the protein content from 
4.5 g 100g-1 dm to 3.8 g 100g-1 dm along with the increase in 
germination intensity. The analytical tests were terminated after 
144 hours when the majority of seeds had germinated. 

K e y  w o r d s : bean seeds, germination, crude protein, fat.

INTRODUCTION

Leguminous plants are considered as a source of pro-
tein with very high nutritional value. Peas, beans, broad 
beans and lentils contain more than 20% of proteins, while 
soybeans even 35-40%. Apart from the protein, legumes 
are the source of carbohydrates and fat rich in unsaturated 
fatty acids. Their presence makes beans recommended in 
the low cholesterol diet. Pulses are also rich in vitamins 
from the B group, particularly thiamine and niacin. In 
the fresh form, legumes are also considered as a good 
source of vitamin C and carotene. Both, dry and fresh 
pulses, provide signifi cant amounts of such minerals as 
iron, copper, magnesium, calcium, potassium and sulfur 
[20]. Bean seed fl our is also used as an additive to wheat 
fl our in the production of instant noodles [24].

From a chemical point of view, fats are the natural 
organic compounds with varied structure, built from 
a carbon, oxygen and hydrogen. Fat content in leguminous 
seeds depends on their variety while it presence ensures 
the highest nutritional value [26]. Plant after drying (dry 
mass – dm) contains up to 98% of organic compounds. 
From the thousands of different substances, some are 
present in signifi cant quantities in all tissues and cells, 

but most could be detected only by sensitive analytical 
methods. The variability of the individual substances is 
due to the metabolic processes testifying a given tissue 
vitality [5, 22].

Recent years require that plants resistant to drought 
should be grown, due to the fact that the effects of climate 
change are beginning to be felt around the world and 
drought starts to become a rising problem in a number 
of countries. Study on proteins commonly found in living 
organisms that belong to the large family of membrane 
integral proteins (MIP) and take part in the collection 
of water, demonstrated that three of them appeared in 
the germinating seeds after 60 hours since the process 
starts, i.e. after the main phase of water intake called 
the physical stage. What is more, a very high level of 
protein in the cell membrane, which could lead to gain 
an actual knowledge of the mechanism regulating water 
intake in the seeds growth and germination processes, 
was observed [6, 21].

Bean (Phaselous vulgaris L.) belongs to the species 
that in Poland plays an important role for nutritional and 
commercial reasons in crop production [13, 16]. Beans 
are consumed in various forms (canned, cooked, dried, 
frozen) being an important source of vitamins and min-
erals in the human diet.

The seeds quality and the possibility of a detailed 
assessment of the germination process are of great im-
portance for agriculture, and for those industries that are 
closely related to it. The seeds are used for both, ground 
and greenhouse, production and require considerable 
fi nancial and labour resources. Under these conditions, 
seed germination control is essential due to the fact that 
too low germination rate may lead to signifi cant fi nancial 
losses [10]. Studies have shown that germinating seeds 
are very rich in vitamins, thanks to the active enzymes 
that additionally resolve proteins, carbohydrates and fats 
on the simple compounds easily assimilated by the body. 

The change of protein and fat content in the beans seed 
covers during germination process
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Therefore, sprouts are not only healthy, but also easily 
digestible. It was also found that the sprouts are large 
reserves of minerals, mineral salts and other nutrients 
which make them far less caloric than the same seed [19, 
23] and what is more are also an element of nutritional 
products for animals [25].

It is believed that the germination process, espe-
cially the fi rst phase of water intake and seeds swelling 
as well as the biochemical processes during the seeds 
respiration are the source of energy that appears just 
after swelling process starts. Respiratory substrates are 
substances accumulated in them, among other things, 
fats and proteins [3]. Seed cover is the tissue covering 
the seed and protecting it that is why its structure and 
chemical composition play an important physiological 
role in germination process due to the different water 
and gas permeability [2, 3].

The aim of this study was to examine changes in 
the crude protein and fat content in bean seed covers, 
formed from the seedbud cover which genetic material 
is only of the stem origin, during Phaseolus vulgaris L.

of Pi kny Ja  variety germination.

GERMINATION PROCESS

Biological issues of seeds growth, development and 
germination in defi ne environmental conditions are 
closely linked and controlled at the molecular, subcel-
lular and cellular level as well as on the level of whole 
seed. Gradual reduction in the intensity of physiological 
processes during seed maturation could be observed 
while throughout the rest period latent life is maintained. 
Seeds are also able to resume rapidly the physiological 
processes during swelling and germination. Preserving 
vitality viable seeds might remain at latent stage for 
a long period of time. The standstill period (anabiosis) 
depends both on the genetic properties and environmental 
conditions. Dry seeds at latent stage are usually resistant 
to external factors, despite the biological preparation for 
further development, which is possible at any time, if only 
the access to water, proper temperature, oxygen and, for 
some species to light, are provided [11].

Germination is therefore perceived as a complex 
process built with partial phases that result in anatomi-
cal and morphological changes, observable without the 
use of a microscope [2]. It is assumed that germination 
process contains: water uptake, the cells elongation re-
sumption, increase in the number of enzymes and re-
serve substances decomposition and mixing, increase in 
respiratory rate and in the intensity of cell division for 
different tissues [12].

The presence of proteins that are involved in regu-
lating, among other things seed covers elasticity was 
detected in the seeds cell walls. Their modifi cation is 
possible by deposition on their surfaces various types of 
organic compounds that include fats. Polymerized fatty 
acids coat the cell surfaces, leading to changes in the 
water conductivity during germination [3, 4].

MATERIAL PREPARATION 
FOR THE EXAMINATION, ACQUISITION 

OF THE EXPERIMENTAL DATA 

For the tests bean seeds (Phaselous vulgaris L.) of 
Pi kny Ja  cultivars were selected. In the experiment 
1000 seeds were subjected to observation. Seeds were 
sown in trays on several layers of fi lter paper to ensure 
proper germination conditions by continuous supply of 
deionized water [17]. Before the experiment seeds, along 
with the tissue paper, were sterilized for 30 min at 70 
°C and then cooled to the room temperature. Bean seeds 
germinated in a dark thermostatic chamber maintaining 
the temperature at a level of 20 °C ± 1 °C. On the basis 
of 300 seeds fundamental parameters characterizing their 
vitality were calculated: germination capacity Z

k
 and one 

seed germination time, so called Pieper time t
p
. Remained 

seeds were used for analytical tests on protein and fat 
content. The use of deionized water prevented providing 
the seeds with macro- and microelements that could af-
fect or change the content of the analyzed variables [7].

It is believed that the germination process, especially 
the fi rst phase of water uptake and seed swelling as well 
as the biochemical processes during the respiration are the 
source of energy that appears early after the seeds swell-
ing initiation. Respiratory substrates are accumulated 
backup substances, among other things, fats and proteins 
found in various parts of the seed, including the shell [3].

The germination capacity of seeds is usually de-
termined by physiological methods which are used to 
observe the germination process under laboratory condi-
tions. Germination capacity Z

k
 can be expressed as the 

percentage of seeds which germinate normally under 
given conditions over a suffi cient period of time:

100%= 
k

c

n
Z

n
, (1)

where: n is the number of sprouted seeds, n
c
 is the 

total number of seeds. Germination rate E
k
, i.e. the per-

centage of seeds which germinated normally under the 
set conditions and in a given period of time, usually the 
moment of the fi rst recalculation of germinating seeds, 
is described by the following equation:

( )1 100%= 
k

c

n t
E

n
, (2)

where: n(t
1
) is the number of sprouted seeds during 

the fi rst recalculation; n
c
 is the total number of sown 

seeds. Seed viability may also be expressed by Pieper’s 
coeffi cient t

p
[11], i.e. the average time required for one 

seed to germinate:
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=

=



=
�

�

n

i i

i

p n

i

i

n t

t
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where: n
i
is the number of seeds germinating within 

a given time interval: i=1,2,3,…,n; t
i
 is the seed germi-

nation time.
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Figure 1 shows the experimental and calculated curve 
drawn for the bean seeds germination process, along 
with the marked time of seed cover collection for the 
analysis. Pieper time t

p
 [11, 15, 18] calculated on the 

basis of the obtained germs accounted for 212.8 hours. 
Germination curve is characterized by typical shape 
with a well-defi ned saturation after about 340 hours. 
The calculated germination capacity Z

k
 reached 87.8%.

Fig. 1. Experimental ( ) and calculated (solid line) germination 
curves for bean seeds at the temperature of 20oC.

Black arrows indicate the time when seed covers 
were collected for the analysis:

( )
( ) ( ) ( )1 0 2 0 3 0

1
� � � � � �� 

 + 
 + 


= 
 �� �� �+ +� �

t t t t t t

k

e e e
n t n

� � �� � �
� � �

. (4)

The germination process can be described mathemati-
cally with the use of a simulation model [8,9] based on the 
assumption that germination has three distinctive stages: 
physical, biochemical and physiological. It has been as-
sumed that the germination process involves gradual 
evolution through the successive stages at a given level 
of probability. In its analytical form, the model can be 
expressed [9] by the equation (4), where:

( )2 3 2 3= 
 
 �� � � � � , (5)

( )3 1 3 1= 
 
 �� � � � � , (6)

( )1 2 1 2= 
 
 �� � � � � . (7)

Parameters 
1
,

2
,

3
 indicate the probability of the 

seed’s transition from one stage to another; n(t) is the 
number of seeds sprouted at a given time; n

k
is the fi nal 

number of sprouted seeds; t – is the germination time; 
t
0
 – is the time required for the seed to emerge from the 

latent development stage and to enter the sprout forma-
tion stage. For the analyzed germination curve the best 
fi t has been obtained with the following parameters: 

1
=

2
=

3
=10-4 s-1, t

0
=130 h, n

k
 =281. The fact that probabil-

ity parameters are equal indicates that each stage of the 
seeds evolution is also equally present in the germina-
tion process.

CRUDE PROTEIN AND FAT CONTENT 
DETERMINATION

Protein content was determined with the Kjeldahl 
method application in the Kjel-Foss Automatic (A / S Foss 
Electric, Denmark) device according to AOAC 976.05 
while the fat content determined by extraction- gravi-
metric method with the Soxtec HT-6 use in the Central 
Analytical Laboratory of the University of Life Sciences 
in Lublin.

The analytical investigation was carried out in parallel 
with studies on germination in the subsequent days of 
the experiment which were marked with black arrows in 
Figure 1. Examined seeds were randomly selected and its 
cover was removed and next dried for 3 h in thermostatic 
oven until dry mass was obtained. Then dried material 
was placed in a mortar, covered with liquid nitrogen at 
about -186 °C and grinded to a fi ne dust. Then three 
dust samples of 0,5g were weighed with an accuracy 
of ± 0.01 g on the analytical balance WAS 160/C/2. 
Prepared samples were then poured into a specially-
marked 1.5 ml eppendorfs. Each sample was subjected to3 
measurements.

Ta b l e  1 .  Fat (a) and protein (b) content in bean seeds dur-
ing germination in 20oC, marked in three tests

a)

Time 
(hours)

Fat content (g·100 g-1 dm)

I test II test III test Average

24 0.89 0.82 0.85 0.85

48 1.05 0.87 0.88 0.93

72 0.80 0.89 0.89 0.86

96 0.89 0.84 0.87 0.87

120 1.12 1.01 1.06 1.06

144 1.89 1.82 1.88 1.86

b)

Time 
(hours)

Protein content (g·100 g-1 dm)

I test II test III test Average

24 7.10 7.40 7.44 7.31

48 6.94 6.83 7.00 6.93

72 6.64 6.81 7.20 6.88

96 6.45 6.16 6.35 6.32

120 5.86 5.67 5.58 5.70

144 5.64 5.78 5.69 5.70
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RESULTS AND DISSCUSSION

The protein content in whole seeds dry mass for 
dwarf varieties of common bean: Toffi , Tip Top, Nigeria 
and Augusta marked by many researchers ranged from 
23.96 to 29.85 g 100g-1 dm. The fat content in seeds of 
these varieties was lower and changed from 1.54 to 1.78 
g 100g-1 dm [1, 4, 10, 14].

Whereas protein content in seed covers is usually 
much lower. Bean seeds are characterized by protein 
content values   in the range of 5 g 100g-1 dm [23], which 
was confi rmed in the presented work.

Table 1 shows numerical values of measured vari-
ables   for consecutive days of experiment as well as their 
average value. In table 1 mean difference between the 
maximum and minimum values at three tests for fat (a) 
and protein (b) in germinated bean seed covers subjected 
to germination at the 20 ° C are presented. The fat content 
in beans covers during germination in deionized water 
was twice lower than in the whole seeds (0.85 to 1.86 

g 100g-1 dm), while protein content was considerably 
lower (7.31- 5.70 g 100g-1 dm).

Figure 2 shows the fat content determined by ex-
traction- gravimetric method for dry bean seed covers 
naturally moistened during the germination process and 
the maximum deviation from the average values. First 
marking for seed samples was performed after 24 hours 
of the beans were sowed in trays on the constantly hu-
midifi ed fi lter paper. Average fat content determined in 
three repetitions reached 0.85 g 100g-1 dm. Successive 
days of the research indicated a systematic increase in 
the fat content. The highest increase occurred between 
5th and 6th germination day, when the fat content raised 
from 1.06 g 100g-1 dm to 1.86 g 100g-1 dm.

Average protein content value in samples taken from 
seeds at the same time intervals determined by the Kjel-
dahl method decreased steadily from 7.31 g 100g-1 dm 
on the fi rst day to 5.7 g 100g-1 dm on the last day of 
analysis (see Fig.3). Recent determination of the protein 
in experiment 144th hour indicated the same value as in 
the previous day (120 hrs.).

Fig. 2. Fat contents in bean seed cover during germination process. Error bars indicate the average difference between results and 
the average calculated for three samples

Fig. 3. The protein content in bean seed cover during germination process. Error bars indicate the average difference between 
results and the average calculated for three samples
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In the 72th germination hour, when almost all seeds 
had completed the swelling stage, protein content in the 
cover decreased steadily from 6.88 g 100g-1 dm (72th 
hour) to 6.32 g 100g-1 dm in the 120th hour An identical 
value was obtained for seed cover samples on the last 
day of measurement (144th germination hour). Observed 
decrease in the protein content was consistent with the 
highest intensity of germination (Pieper time t

p
= 140.8 

hours).
Although the germination process took more than 

300 hours, chemical analyzes were completed in 144 
hours, as most seeds sprout achieving the fi nal effect of 
the germination process.

CONCLUSIONS

1. The fat content determined with the use of extraction-
gravimetric method in seed cover remained steady 
during fi rst 96 hours at the level of 0.9 g 100g-1 dm 
-1.14 g 100g-1 dm. In the next two days (48 hours) fat 
content increase up to 1.86 g 100g-1 dm was observed. 
The fat content in seeds with visible sprout was doubled 
in relation to the value determined on the fi rst day of 
germination.

2. Crude protein content, set with the use of the Kjeldahl 
method, decreased from 7.31 g 100g-1 dm in 24th hour 
of germination to 5.70 g 100g-1 dm – the value  defi ned in 
120th experiment hour. This value was maintained for 
another day which was proved by the protein content 
measurement in 144th germination hour.

3. Starting from 72th hour of germination a signifi cant 
increase in fat content could be observed while the 
protein content strongly decreased (6.88 g 100g-1 dm 
- 5.70 g 100g-1 dm). It may indicate that the backup 
substances causing the seed embryo’s growth, cover 
breakdown and seedling emergence were depleted.
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ZMIANA ZAWARTO CI BIA KA I T USZCZU

W OKRYWIE NASIENNEJ FASOLI 

PODCZAS KIE KOWANIA

S t r e s z c z e n i e . W pracy przedstawiono wyniki bada
procentowej zmienno ci zawarto ci bia ka ogó em i t uszczu
w okrywach nasion fasoli Phaseolus vulgaris L. odmiany 
Pi kny Ja , w trakcie procesu kie kowania przebiegaj cego

w temperaturze 20oC ±1oC. Pierwsze próbki do analizy po-
brano nast pnego dnia od chwili rozpocz cia eksperymentu, 
nast pne pobierano co 24 godziny przez 5 kolejnych dni. Ba-
dania  wykaza y zwi kszenie zawarto ci t uszczu (0,89 g 100g-1

s.m. – 1,86 g 100g-1 s.m.) oraz zmniejszenie zawarto ci bia ka
w okrywach z 7,31 g 100g-1 s.m. do 5,70 g 100g-1 s.m. wraz ze 
wzrostem intensywno ci kie kowania. Badania analityczne za-
ko czono po 144 godzinach, gdy wi kszo  nasion zako czy a
ju  kie kowanie.

S o w a  k l u c z o w e : nasiona fasoli, kie kowanie, bia ko
surowe, t uszcz.
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S u m m a r y. This paper presents the effect of high-speed 
traction gearbox ratio on vehicle mileage fuel consumption. 
Relation was determined for constant linear velocities of a mo-
tor vehicle being reached on more than one gearbox ratio. The 
characteristic curve was prepared based on an engine’s torque-
speed relationship for respective mileage fuel consumption be-
ing obtained when using given gears. Experiments were carried 
out based on engine standards, according to which the points of 
external and partial characteristic curves for an engine’s torque 
and its fuel consumption were established by measurement.

It was demonstrated in conclusions that fuel consumption 
of a motor vehicle increases together with an increase in the 
value of high-speed traction gearbox ratio.

K e y  w o r d s : high-speed traction gearbox ratio, mileage 
fuel consumption, energy consumption of vehicle motion.

INTRODUCTION

Mileage fuel consumption is an important parameter 
characterising a motor vehicle in terms of economy and 
ecology. It is the clearest characteristic for a potential user, 
the value of which has been constantly reduced over the 
years. It can be described by the following relation [2,7]:

100eG
Q

v�



=



 (1)

where:
Q - mileage fuel consumption [dm3/100 km],
G

e
 - hourly fuel consumption [kg/h],

- fuel specifi c gravity [kg/dm3],
v - vehicle’s linear velocity [km/h].

Gearbox ratios are important for fuel consumption. 
The larger value has the ratio, the accordingly higher 
is fuel consumption curve located. Engine has to make 
a larger number of work cycles so that a motor vehicle 
could cover a specifi c road section. Then, the most im-
portant parameter affecting mileage fuel consumption 

when moving with a constant speed is high-speed trac-
tion gearbox ratio (ratio of engine crankshaft angular 
velocity 

S
 to vehicle linear velocity v or a ratio of power 

transmission system’s overall gear ratio i
C
 to dynamic 

wheel radius r
d
) [10]:
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S

d

i
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Then, the relationship (1) assumes the following form:
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The foregoing considerations being referred to have 
determined that 5-speed mechanical gearboxes are fre-
quently used in motor vehicles, of which the last gear 
is an economic one (lowest fuel consumption) but also 
an overdrive gear (gearbox ratio is less than one) [10].

High-speed traction gearbox ratio is thus an effective 
indicator of the impact of engine elements’ motion me-
chanics (engine crankshaft speed) on the energy consump-
tion of vehicle motion expressed as fuel consumption.

RESEARCH OBJECTIVE AND METHODS

The objective of this research project was to deter-
mine the effect of high-speed traction gearbox ratio on 
vehicle fuel consumption.

The methods of carried out research are in conformity 
with standards [15,16,17]. Experiments were conducted 
according to the requirements specifi ed in them, using an 
engine test bench. Test points were prepared for feeding 
an engine with a full fuel dose (external characteristics) 
and partial fuel doses (25%, 50 % and 75%), i.e. partial 
power characteristics for Fiat 1.3 JTD Multijet engine. 
Based on the presented graphs, a full load characteristics 
was prepared. The fi nal stage was to establish a relation-
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