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TECHNICAL STANDARD FOR RAPESEED OILS AS A FUEL
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Sammury. To assess effect of production process for standardized properties the samples were
taken-off from the six referential decentralized and one industrial production plants for rapeseed
oils. Their properties limited by technical standard for rapeseed oils as a fuel were determined in
laboratory. Further the long-term investigation of oxidation stability change was started in storage
trial of rapeseed oils with additive of 200, 400 and 600 ppm of antioxidant Baynox. The results
have shown that critical points of that process of rapeseed oils acquisition are contamination by the
ash-producing elements, i.e. phosphorus, magnesium, calcium and total pollution. Not only in hot
pressing but also in the double-stage cold pressing of rapeseed it is necessary reduction of the ash-
producing elements through other technological operations as degumming, neutralization,
bleaching. It is always necessary to provide security stage of filtration before distribution for
00010000 DO0I000: bioao 0ol [ 000 00 booo 00000 boo000o i00l bo0O0DD0D000] 0O00I000 000000 001 0000
antioxidation additive Baynox, when 200 ppm addition caused increasing of the oxidation stability
of rapeseed oil grown at least 6 hours immediately after pressing from 8 hours to 9.05 hours and
after 270 days it decreased to 6 hours. The monitoring brought the necessary knowledge for the
process of the rapeseed oils acquisition optimization and their distribution for motor application.
The monitoring also is a basis for establishing of necessary controlling of the rapeseed oils
production quality.

Key words: technical standard, rapeseed oil, fuel.

INTRODUCTION were periodically taken from several oil mills
and analysed.

The number of decentral oil mills is

increasing rapidly. The rapeseed oil can be also
utilized as a fuel for modified diesel engines.
For a reliable operation of adapted diesel
engines, the rapeseed oil fuel has to fulfil
special quality requirements, which are defined
in the technical standard [1, 2, 3, 4]. It was the
purpose of this work to investigate influences of
the whole production process on rapeseed oil
fuel properties. To survey the rapeseed oil
quality, available on the market, oil samples

OBJECTS AND METHODS

In order to determine and compare the
quality of rapeseed oils, there were taken out the
testing batches from six decentralized
production units and one industrial oil plant (see
Table 1). The subsequent analyses of testing
samples have been carried out by the method
enabling the comparison with specification of
00t  m{ a
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combustion engines [ Fuel from rapeseed

0700 [5].

Table 1. Characteristics of test samples collection of rapeseed oils and scope of made analyses

Performance _— . Analysis Ana_1Iy3|s
. Characteristics of oil | Sample . in
in rapeseed . in :
. pressing and treatment | number accredited
oil laboratory |
aboratory
190 kg.h™ | one-stage cold, 1 all
filtration with manual parameters
cleaning and filter pursuant to
fabric density (15 | OO0
°C) 6516
water without
content ability of
acidity ignition
340 kg.h™ one-stage cold, sheet 2 number as the
automatic filter total sample 1
310 kg.h™ two-stage cold, sheet 3 contentof | -
automatic filter impurities
410 kg.h™ two-stage cold, sheet 4 phosphorus | -
automatic filter content
530 kg.h™ two-stage cold, sheet 5 Mg+Ca -
automatic filter content
530 kg.n™ | two-stage cold, 6 iodine as the
whitening value sample 1
sheet automatic filters oxidation
930 kg.h™ | hot, removal of mucus 7 stability -
and neutralization,
sheet automatic filter
11700 kg.h™ degumming 8 water -
whitening 9 content -
pressing | refinement 10 acidity -
and number
extraction P-content
oxidat.
stability

RESULTS AND DISCUSSION

The measured characteristics have shown the
great difference in quality of testing samples
(see Fig. 1 [08). In all manufacturing plants
there was processed rapeseed, which fulfilled
the qualitative purchase conditions. It helped as
well to ensure in decisive extent the meeting of
demands for water content, acidity number and
oxidative stability in assessed oil plants.
However, to the critical points in the process of
rapeseed  oil  obtaining, belong the
contamination by phosphorus, metals of second

group (magnesium and calcium) and total
content of contamination from rapeseed solid
residues. The consequential detailed
investigation of reasons of this state enabled to
determine the factors, which caused this
contamination. Therefore, it is possible to state
as follows:

[0 Behind the one-stage cold pressing of
rapeseed, which decreased the level of
contamination  caused by  phosphorus,
magnesium and calcium under limit values of
technical standard 0000 I CITTTT OCO00 000 OO
necessary to place the second safety degree of
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filtration with filtration ability of particles in
line filter max. 1 00

[0 The two-stage cold pressing and also hot
pressing, resp. industrial processing with
extraction, is always connected with content of

phosphorus and very often also magnesium and[]

calcium in rapeseed oil over limit values.
Therefore, it must always follow the removal of
mucus, eventually neutralization or other
operations, e.g. whitening or filtration through
hydrophobic membranes, which however lead
0 A
select them carefully. In respect to removal of
mucus, besides of conventional procedures, it is
possible to recommend
00000000000 000000 O000000I00001000I00 0 oitod
the acid and water and thereby comes not only
to high grade of phospholipide separation, but
also to considerably lesser occurrence of water.
It can be applied Total Degumming Process,
which can be used not only for raw oils, but also
for oils with mucus removed by water and it is
based, in principle, on addition of acid and lye

max. 930

Fig. 1. Density of rapeseed oils test
samples

so-called[]

with consecutive separation. During this process
the phospholipides are almost completely taken
away. It is also possible to use the enzymatic
00000000 DOm 00O0D0o Do O0oool DOoooOox
00000000000

Oxidation stability is other important
indicator determining suitability of rapeseed oil
utilization as a fuel from the storage point of
view and with it related degradation. The
continuous of rapeseed oils storage test with
preparation Baynox 200, 400 a 600 ppm in PVC
vessels with access of air and stored in unheated
room illuminated only by daily light in the
course of 420 days is shown on fig. 9.

Monitoring brought the essential evidences
and knowledge for optimalization of rapeseed
oils obtaining and their distribution as the motor
fuels. It forms also the starting basis for creation
of  necessary quality assessment. Its
implementation  into  practice  represents
necessary condition for maintenance of stable
and high quality of motor fuel manufactured
from the rapeseed oil.

:
0 [ [ |

Fig. 2. Water content in rapeseed oils
test samples
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Fig. 3. Acidity number of rapeseed oils
samples

Fig. 4. Total content of impurities in test
rapeseed oils test samples
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Mg + Ca content (mg,
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Fig. 7. Oxidation stability of rapeseed oils Fig. 8. lodine value of rapeseed oils test
test samples samples
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Fig. 9. Relations among oxidation stability of rapeseed oils with 200, 400 and 600 mg.kg™
antioxidative additive Baynox, its quality correspond to the sample No. 2 taken in conformity
with data in tab. 1
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CONCLUSIONS

To assess effect of production process for
standardized properties the samples were taken-
off from the six referential decentralized and
one industrial production plants for rapeseed
oils. Their properties limited by technical
standard for rapeseed oils as a fuel were
determined in laboratory. Further the long-term
investigation of oxidation stability change was
started in storage trial of rapeseed oils with
additive of 200, 400 and 600 ppm of antioxidant
Baynox. The results have shown that critical
points of that process of rapeseed oils
acquisition are contamination by the ash-
producing elements, i.e. phosphorus,
magnesium, calcium and total pollution. Not
only in hot pressing but also in the double-stage
cold pressing of rapeseed it is necessary
reduction of the ash-producing elements through
other technological operations as degumming,
neutralization, bleaching. It had been proved the
unambiguously  positive  effect of the
antioxidation additive Baynox, when 200 ppm
addition caused increasing of the oxidation
stability of rapeseed oil grown at least 6 hours
immediately after pressing from 8 hours to 9.05
hours and not until after 270 days decreased
under limit value 6 hours. With using of
addition 400 ppm Baynox decreased oxidation
stability under 6 hours not until after 390 days
of storage. With addition 600 ppm Baynox the
oxidation stability of rapeseed oil even after 510
days of storage makes 6.5 hours. The
monitoring brought the necessary knowledge for
the process of the rapeseed oils acquisition
optimization and their distribution for motor
application. The monitoring also is a basis for
establishing of necessary controlling of the
rapeseed oils production quality.

The work comprises partial results of the
research project of the Ministry of Agriculture
of the Czech Republic 0002703102 [ Part 5:
Technological  processes of  sustainable
production and utilization of bio-raw materials
and energy carrier of new generation with

respect to food security and global market with
relevant products.
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Vol. 41. OPolo Alto (Calif.), 01996. OP. 3750
406.

PRODUCTION ENTOMOLOGICAL
PREPARATION OF TRICHOGRAMMA

Summary. The biotechnological process of
production  entomological  preparation  of
Trichogramma consists of operations which touch
the owner of Trichogramma: preparation and
infection of grain; moistening of grain and
interfusion; load it in boxing; receipt of butterflies
and eggs of corn moth; cleaning and storage of
eggs of corn moth; utilization of wastes of
production and operations, which execute at
breeding of Trichogramma: dropping of eggs of
corn moth in the bottles; infection it by
Trichogramma; collection and cleaning of infected
eggs; determination of high-quality indexes of
preparation and his storage. Using a contemporary
methods of determination of  optimum
construction  technological ~ parameters  of
calibrator will allow to promote the high-quality
indexes of preparation of entomologist of
Trichogramma.

Key  words: biotechnological process,
entomological preparation of Trichogramma, egg
of corn moth, pneumatic calibrator.
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ALTERNATIVE FUEL-OILS

Summary. The necessity of search of fuels,
able to replace oil diesel is grounded. The ana-
logues of fuel-oil, which are made from fossil
and renewable raw material, are analyzed. Their
advantages and failings are considered. The es-
timation of technologies of their production and
use is conducted.
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CO FERMENTATION OF SUGAR BY-PRODUCTS WITH TYPICAL
AGRICULTURAL SUBSTRATES

Vitaliy Kryvoruchko', Thomas Amon, Barbara Amon, Valeriy Dubrovin?,
Maksym Melnychuk?, Eugeniusz Krasowski?,

'Division of Agricultural Engineering, Department of Sustainable Agricultural
Systems, University of Natural Resources and Applied Life Sciences, Peter-Jordan
Strasse 82, A-1190 Vienna, Austria
“National University of Life and Environmental Sciences of Ukraine,

15, Geroiv Oborony Str., 03041 Kiev, Ukraine
*Commission of Motorization and Power Industry in Agriculture Polish Academy of
Sciences Branch in Lublin
Wielkopolska Str. 62, Lublin, Poland

Summary. Anaerobic digestion (AD) is a promising option for the environmentally friendly
recycling of agricultural by-products. However, overloading of the digester with sugar, starch or
protein might cause inhibition of the anaerobic processes. The aim of the present project was to
investigate the influence of sugar beet by products on biogas yield from a typical mixture of energy
crops and animal manure.

The investigated substrates have been: cattle slurry, maize, sorghum and grass silage, sugar beet
pulp e (SBP) and sugar beet tail silage (SBT). The difference between untreated SBT to processed
SBP. All substrates were digested in 1 | eudiometer-batch digesters at 37.500000000028 to 38 days.
The specific methane yield of mixtures and various substrates exanimated. The experiments showed
that edition of sugar beet by product to energy crop and slurry mixture results in high methane yield
even the achieved methane yield of the mixture was lower the expected.

Key words: Anaerobic digestion, biogas, methane yield, by-products, sugar beet pulp, sugar beet
tail, potato peel pulp, potato fruit water.

1. INTRODUCTION The objectives of the present project was to
determine the suitable volume and the co-

Except of the present project, little work on AD  fermentation effects of sugar beet by products
and methane yield of by-products from the within the mixture of other agricultural
sugar and starch industry has been done [Hassan substrates and manure for biogas production.
2003]. The low pH value and the high protein
and sugar contents in these substrates may cause 2. MATERIAL AND METHODS
an acidification of the digester and therefore an
inhibition of the methane production [9]. To 2.1. Substrates
avoid this danger in biogas plants, these by- Sugar beet pulp (SBP) and sugar beet tail (SBT)
products need to be investigated in laboratory were collected as silages from the AGRANA
experiments and the development of important Zucker Ges.m.b.H. in Tulln, Austria. The
process parameters has to be recorded. The most proofed mixture of agricultural substrates
important parameters to indicate a possible consists of cattle slurry, maize and sorghum was
inhibition of the AD process are: pH, volatile collected on the Farms in Lower Austria.
fatty acids and ammonia concentration. Beside 2.1.3. Inoculum
these process parameters, it is also important to  Active sludge from a commercial biogas plant
have knowledge about the development of the in Lower Austria (Table 1) was used as
biogas composition (methane, hydrogen inoculum. The substrates of the biogas plant
sulphide and carbon dioxide) during the AD. were vegetables, maize silage and sunflower
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silage. The inoculum was collected from the last
part of the horizontal fermenter into a 50 |
heatable container. Before sampling the

transport container was filled with argon to
insure anaerobic conditions inside.

Table 1: Parameters of the biogas plant from which the inoculum was taken

Parameter

Digester type

Digester

Digested substrates
Temperature in the digester
[0 hydraulic retention time
Electrical output

Energy production

Horizontal plug flow digester

1 mixing tank 193 m*

4 horizontal plug flow digesters 160 m* each
1 vertical second stage digester 1885 m*

1 storage tank (uncovered) 4825m?*

Energy crops, vegetables

0ooo

15 days h. digester + 55 days second stage
330 kW

2 475.000 kWh a™*

Table 2 shows the nutrient content of the
inoculum. In the course of the AD experiment in
the laboratory, the specific methane potential of

Table 2: Nutrient content of inoculum

the inoculum was measured as well. The
inoculum showed a low specific methane
potential of only 15 Iy (kg VS) ™.

XP XL XF XA XX N C GE C/N pH DM VS
Substrate % % % % % % % l':"‘?l % %

DM DM DM DM DM DM DM FM DM
Inoculum 145 08 100 472 275 63 277 180 44 74 24 528

XP = crude protein, XL = crude lipids, XF = crude fiber, XA = crude ash, XX = N-free extracts, N
= nitrogen, C = carbon, GE = gross energy, DM = dry matter, FM = fresh matter, VS = volatile

solids

2.1.1. Determination of methane potential
(Experiment A)

The present study included 14 experimental
variants. There of six variants were explored in
mono digestion. Sugar by-products were
analyzed as silage an as dried material. To
determinate the co-fermentation effects of sugar
by-products 6 mixtures with different content
(30, 50 and 70% DM) of SBP and SBT were
also digested. In the course of the experiment
the fermentation process were detailed
monitored to recognize any inhibitions or co-
fermentation effects of different variants.

2.2.  Anaerobic digestion experiments -
Determination of the biochemical methane
potential

The biochemical methane potential of the by-
products was determined in 1 | eudiometer-
batch digesters DI00I0001000I00000O00I0CO000]
carried out in accordance with VDI 4630 [xx]

33

and DIN 38 414-8 [xx]. Prior to AD, samples of
all substrates were analysed for pH, DM, VS,
crude protein, crude lipids, crude fibre, crude
ash, N-free extracts, nitrogen and carbon using
standard analysing procedures according to
VDLUFA Band Il.I [xx] and VDLUFA Band Il
[xx]. The gross energy content was measured
with a calorimeter. The substrates were digested
together with 350 g inoculum. That means on
average the DM ratio between substrate and
inoculum was 1:3. The DM content in the
digesters with SBP and SBT ranged from 3.8 to
4.0%, the DM content in the digesters with PP,
PPP and PFW from 3.0 to 3.1%. DM.

Each eudiometer consists of six digesters
connected to equilibrium vessels, with a septum
for gas extraction (Figure 1). The digesters were
placed on magnetic stirrers in a tempered water
bath. Specific methane yield from each substrate
was measured in three replicates. During AD,
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the digester content was mixed for 10 minutes
every 30 minutes. Biogas was collected in gas-
collection tubes connected to the digesters. The
amount of biogas produced was monitored
every day. Biogas quality (methane, hydrogen
sulphide and ammonia) was analysed six times
during the experiments. Methane (CH,)
concentration in the biogas was measured using
a NDIR analyser (O000000 O-007 DO0O O000000
0000000 0000 OoiO0o0n Omot oot aceuracy  of
00 0-3% of the measurement reading. Before
each measurement, the analyser was calibrated
with CH, calibration gas containing 60% CHy,
and 40% CO,. NDIR readings were validated at
regular intervals with gas chromatographic
analysis. Hydrogen sulphide (H,S) and
ammonia (NHj) concentration in the biogas
were analysed with the NDIR analyser in
combination with Dr0000 100000 0000000007 00 O-
10% and 10-15% of the measurement reading,
respectively). The biogas and methane

production from the inoculum alone was also
measured and subtracted from the biogas and

Figure 1: Eudiometer-batch digester system

2.3. Statistical data analysis

Statistical data analysis was carried out using
the software package SPSS (version 12.0, SPSS
Inc. 2006). In a first step, the descriptive
statistics were done, determining means,
standard deviations and frequency distributions
of the data. Differences in the specific biogas
and methane yields were tested with a pair wise

methane production from the digesters
containing the substrates and inoculum. The
specific biogas and methane vyields were
calculated on the basis of norm conditions: 273
K and 1013 mbar and are given in norm litre per
kg of volatile solids (Iy kg VS). In addition, the
coefficient of energy efficiency of AD 00 OO
calculated for each substrate. This coefficient
relates the produced methane energy to the
gross energy of the substrate.

To control the quality and stability of the
fermentation process, measurements of pH were
done every second to third day and volatile fatty
acids were measured twice during the
experiment, at the beginning and at the end
using gas chromatography. The fatty acid
spectrum examined was C1-C6: acetic acid
(HAC), propionic acid (PRO), iso butyric acid
(i-BUT), butyric acid (n-BUT), iso valeric acid
(i-VAL), valeric acid (n-VAL) and caproic acid
(CAP). Figure 1: Eudiometer-batch digester
system

comparison of regression parameters by the
Tukey-HSD-Test and T-Test. The level of
significance was set to 0.05.

3. RESULTS AND DISCUSSION

3.1. Volatile fatty acid concentrations and pH
during anaerobic digestion

The AD process of all substrates was carried out
under optimal mesophilic conditions. The

34
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average temperature was 0000000 0000 the pH
values in the experiments ranged between 7.29
and 7.85. Average pH values and concentrations
of volatile fatty acids at the beginning and at the
end of the AD are shown in Table 5 and 6.

For SBP and SBT, at the beginning of the
experiment the pH was 7.29 and 7.85,
respectively (Table 5). At the end of the
experiment the pH for SBP and SBT was 7.34
and 7.79, respectively. That means during the
whole experiment, the pH was lower in the
digesters with SBP compared to digesters with
SBT. From the beginning to the end of the
experiment, the concentrations of acetic,
propionic and butyric acid decreased in the
digesters with SBP from 969 to 96.7, 113 to 4.2
and 8.8 to 0 mg I, respectively. For SBT the
values decreased from 791 to 58.0, 114 to 4.7
and 11.0 to 0 mg I, respectively. The high
concentrations of acetic and propionic acid at
the beginning of AD are typical for the batch
digester experiments. The low concentrations of
acetic and propionic acid at the end of AD is a
sign that the AD was not inhibited and the
substrates were almost completely digested.

The pH was in all experimental variants in the
range of 7.1 at the beginning of fermentation to

ooooo

n (g
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7.7 to 8.2 at the end of fermentation. Thus, there
was optimum pH environment for the bacteria
in the fermenters in experiment from the
perspective of the. The optimal environment for
the bacteria to a pH is between 6.4 and 8.0 (VDI
4630). If the pH is outside this range, there may
be a worse gas yield and gas composition with a
higher CO, content (Koster 1989, Weiland
2004).

According to Wellinger [1997], the AD runs
optimal if the concentration of acetic, propionic
and butyric acid is less than 1000, 200 and 50
mg 1™}, respectively and the value for HAC/PRO
lies between 5 and 10. When the total
concentration of volatile fatty acids exceeds
3000 mg I or the propionic acid concentration
becomes higher than 300 mg I, an inhibition of
the AD can take place. In the present
experiments, except for PFW, the measured
acetic acid concentrations were less than 1000
mg I (Fig 1.).

However, with SBT the total concentration of
volatile fatty acids did not exceed 3000 mg I*
and with none of the substrates a propionic acid
concentration higher than 300 mg I* was
measured. This demonstrates that in the present
experiments the AD should not be inhibited.

Konzentration von Fettséuren [mgH*]

HAC PRO BUT n-BUT VAL n-VAL  CAP  HAC/PRO

HAC PRO -BUT  n-BUT  i-VAL n-VAL  CAP  HAC/PRO

Fig. 1. Concentration of fatty acids in the fomenters to begin and to the end of digestion

3.2. Composition of the produced biogas

Table 3 displays the average composition
of the biogas produced.

Six times during the experiment the
concentration of methane, hydrogen sulphide
and ammonia were measured.

The differences between the variants were
not significant because the composition of the
produced biogas varied during the experiments.

In both experiments the concentrations of
methane, hydrogen sulphide and ammonia
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increased during the first five days, then were
more or less stable for the following 20 days
and slightly decreased towards the end of the
experiments.

The present data are comparable with
literature data [Hassan 2003, KTBL 2005].

With regard to the by-products of sugar
beet processing, SBP had higher concentrations
of methane, hydrogen sulphide and ammonia
compared to SBT (Table 3).
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Table 3: Concentration of methane (CH,), hydrogen sulphide (H,S) and ammonia (NHs3) in
the biogas
Variant CHj-Content H,S- Content NHj3- Content

% n 0 % n 0 % n U
cattle slurry 53,0 7 8,8 267 6 112 26 3 11
maize 55,1 7 3,7 214 6 58 29 3 16
sorghum 57,2 7 4 213 6 49 29 3 13
grass 57,6 7 4,2 281 6 149 32 3 30
pressed beet 509 |7 |71 [321 |6 74 |37 |3 11
pulp silage
beet-tail silage 49,6 7 5 174 6 100 30 3 7
Mix 1 30% 56,7 7 3,7 209 6 23 33 3 1
Mix 1 50% 57,0 7 2,9 362 6 51 35 3 4
Mix 1 70% 57,3 7 3,3 176 6 97 32 3 10
Mix 2 30% 53,6 7 5,4 358 6 118 16 3 8
Mix 2 50% 54,7 7 7 387 6 45 16 3 13
Mix 2 70% 55,0 7 7,3 350 6 82 17 3 10
pressed and dryed 462 |7 |128 |250 |6 127 |41 |3 38
beet pulp silage
dryed beet-tail 542 |7 |51 |355 |6 9% (31 |3 20
silage
As we can see the average methane literature similar values were reported [Beck
concentration of grass and sorghum was higher 2001, Hassan 2003]. For sugar beet silage

then from the other substrates. The drying of
sugar beet pulp silage reduced the methane
content. It could be caused by the evaporation of
fatty acids during drying process. The Mixtures
with SBP shown a little higher methane content
in biogas compared to the mixtures with SBT.
3.3. Specific biogas and methane yields as well
as energetic efficiency of the investigated
substrates

3.3.1. Specific biogas and methane yield of by-
products of sugar beet processing (Experiment
A)

The specific biogas and methane yield of the
sugar by-products: sugar beet pulp silage (SBP)
and sugar beet tail silage (SBT) were measured
over 30 days. The measurements were carried
out until the specific methane yield per day was
less than 1% of the cumulative specific methane
yield.

The specific biogas and methane yields
of SBP and SBT were significantly different
(Table 9). With SBT the specific biogas and
methane vyields were higher. On average a
specific methane yield of 481 Iy (kg VS) * was
measured for SBT, whereas for SBP the specific
methane yield was 430 Iy (kg VS) . In the

Hassan (2003) gave the methane yields between
400 and 468 Iy kg™ VS.

Table 4 also gives (000000100001 0000 0DO0ODXO
efficiency. For SBP on average 87.4% of the
gross energy was converted to methane energy.
The average value for SBT was 88.5%. SBT
silage showed the highest methane yield of 480
NI CH 4 (kg VS) . The lowest methane yield
was achieved from cattle manure. The standard
deviation of the average methane yield for the
SBP-silage, meadow and Sudan grass silage was
significantly lower than of SBT silage and corn
silage. This indicates a different homogeneity of
the samples.

In the literature we found, for SBP silage a
specific methane production potential of 400
NL CH, 00010 0000000000000 oo 0000 oooo
silage for a specific methane production
T o
I00000N000000D0I0DIOID. FM indicated (no
indication TS) by Weiland (1997). The specific
methane yield from cattle manure, maize and
grass silage were also in the folding back from
the fields of literature (Amon et al. 2003,
Guidelines Biogas 2004).
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Table 4: Specific biogas and methane yield

Biogas yield Methane yield
Variante [NI *(kg 0TS)-1] [NI *(kg 0TS)-1]

Av St.div Av St.div
cattle slurry 249 3 2,6 132 3 0,5
maize 782 3 86,8 431 3 42,5
sorghum 608 3 26,8 348 3 14,9
grass 668 3 15,5 385 3 9
pressed beet pulp silage 845 3 33,3 430 3 18,1
beet-tail silage 970 3 68,7 481 3 32,4
Mix 1 30% 372 3 27,1 211 3 16,1
Mix 1 50% 405 3 15,5 231 3 8,1
Mix 1 70% 517 3 9,2 296 3 16,1
Mix 2 30% 668 3 24,0 358 3 10,2
Mix 2 50% 707 3 23,3 387 3 14,3
Mix 2 70% 812 3 50,0 447 3 24,9
pressed and dryed beet pulp silage | 641 3 21,4 296 3 13,2
dryed beet-tail silage 506 3 27,9 274 3 14,9

The efficiency of methane digestion was
calculated in accordance with the methane yield
and the gross energy content in the biomass. It
was 24% for cattle manure, 84% for maize, 64%
for sudan grass, 73% in meadow grass, 85% for
SBP silage and 89% for SBT silage. The
efficiency of methane fermentation shows the
energy recovery and fermentability of
constituents of  biomass in  anaerobic
fermentation process. The formula is described
in chapter "Material and Methods. "

To identify the optimal mixture ratio of SBP
silage and SBT silage in the mixture of cow
manure, corn silage, to see Sudan grass and
grass silage, were digested separately and in the
mixtures. The measured specific biogas and
methane yields with the standard deviation of
three replicates are shown in Table 4. As shown
in table 4, the biogas and methane yield of the
mixtures increased with increasing amount of
sugar by-products in the mixture.
Determination of co-fermentation effects

To clarify the cofermentations effects caused by
the addition of SBP and SBT silage to the
mixtures of cattle manure, maize silage, Sudan
grass and meadow grass the substrates were
digested in the mixture were digested in the
mixture and separately. Based on the
determined specific methane vyields of the
individual separately digested components and

37

their content in the mixtures the expected
specific methane yields were calculated.

Figure 2 shows the measured specific methane
production potential of the mixtures 1 and 2
with different proportions of sugar beet by-
products compared to the expected specific
methane yield of these mixtures. As we can see
in the fig 6 there was now co-fermentation
effect achieved. The lower achieved as
calculated specific methane vyield of the
mixtures with SBP silage could be possibly
caused by reduced activity of cellulolytic
bacteria, and thus lower recovery of nutrients
from corn, Sudan grass and meadow grass
silage. In animal nutrition we know that
allowance of slightly soluble carbohydrates
(sugars and starches) in ruminants may reduce
the digestibility of other nutrients, particularly
of protein and crude fiber. This decrease is
(00000000 000 000 00000000 Co0o0mool 0O00C00Io0n0
According to (Kirchgessner 1992) primarily the
cellulotic bacteria (cellulotische activity) coul
be inhibited. This could explain the reduced
actual methane yield of the mixtures with SPB
silage.

The mixtures of Group 2 with SBT silage
showed only slight co-fermentations effects.
The addition of 70% of the ZR-top silage,
resulted maximal additional methane yield of
6%. Optimal mixing ratios:
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'] Mix 1 O cattle manure, maize silage, sorghum, grass +X % of sugar beet pulp silage SBP
450 Mix 2 - cattle manure, maize silage, sorghum, grass +X % of sugar beet tale silage SBT
| @ Methane yield (measured)
400 [0 Methane yield (calculated)
350+
300 =
250- pun
=
200+
150+
100+
50+
0 T T T T T T
Mix 130% Mix150% Mix170% Mix230% Mix250% Mix 2 70%

Fig. 2. Measured und calculated methane yeild of agricultural substrates (determination of co-
fermentation effects)

4. CONCLUSIONS

The fermentation of all variants was uniformly
and stably without significant inhibition of
methane fermentation. With increasing content
of SBP silage in the mixture the specific
methane production potential of the mixture
increased. The addition of SBT silage (70% of
DM fraction) to the mixture of energy crops and
manure resulted in comparison to the mono-
digestion of the substrates [Jin a slightly higher
methane yield as calculated. In other mixtures
there was no co-fermentations effects achieved
or they were even negative. For
recommendations of the suitability of the ZR-
pulp silage as performance-enhancing additive
for biogas production, it is reasonable to test the
transferability of the present test results in
continuous experiments at laboratory scale.
Drying of sugar beet by-products:

The effect of drying of sugar beet-pulp silage
and silage on top of their methane potential was
tested in the present experiment compared to the
non getrocknenten ensiled biomass. The results
indicate that the drying of pulp silage-ZR and
ZR-top silage to reduce the methane production
potential of 30 and 43% resulted. The drying
process causes the steaming out of free volatile
fatty acids, which were formed during the
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ensiling process and can thus reduce the
methane production potential of biomass.
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SCREW FEEDER: OPTIMIZATION OF MOTION MODES CONSIDERING
THAT THE MOMENTS OF RESISTANCE FORCES CHANGE
UNDER LINEAR LAW
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National University of Life and Environmental Sciences of Ukraine
Heroiv Oborony Str. 15, Kiev, 03041, Ukraine

Summary. The paper deals with screw feeder's mathematical model that characterizes motion of
dynamics, on the base of which optimization of the motion modes is carried out. Taking into
account that the moments of resistance forces change under linear law at the optimal and not
optimal modes of motion, the results for theoretical investigations of dynamics of startup are

demonstrated.

Key words: screw feeder, dynamic load, optimization, moment of resistance.

1. INTRODUCTION

Conveyors relate to the gears of
continuous action with constant distributed load.
Mode of operation of the electric motor in such
gear is long. Essentially, calculating engine
power, load during startup and stop is rarely
examined. Namely, startup and stop relate to
transients that are characterized by unstable
transportation and mixing of cargo, by higher
specific ~ energy  consumption and by
considerable dynamic loadings. This results in
the decrease of operating cycle and leads to
frequent breakages. That increases, in turn,
expenses for repair.

One of the requirements, which are set up
to the electric drive of conveyors, is necessity to
secure smoothness of transients, in particular
restriction of accelerations and jerks, with the
aim to eliminate blows and vibrations of the
gear and decrease dynamic loads in the presence
of elastic communications [11].

2. MATERIAL AND METHODS

The works [0,2,7,8,9,16,17,19] are
devoted to research the dynamics of motions'
modes of mechanisms of conveyers and other
machines. In the paper [11] the dynamics of
driving mechanism with elastic-overload clutch
during transients is under investigation.
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Scientific researches, which are noted in
work [8], characterize the dynamics of high-
speed screw conveyor, considering variable
speed of the array of bulk cargo in the working
space of the trough. The paper describes the
models, which allow to estimate the kinematic
and dynamic parameters of screw conveyors,
their power consumption; to set appropriate
tasks for choosing the rational schemes of
loading and startup operating modes of screw
conveyors, and to develop a system of
smoothing percussive loadings on their working
parts.

Character of change of optimizing
criterion under condition that the number of
boundary conditions increases; optimum motion
modes of dynamic systems in the presence of
dry friction, which allow to minimize the
fluctuations,  arising  during  transients;
optimization of transitive modes of motions
jack-lift, all these tasks are investigated
accordingly in works [14,15,20].

Thus, described works are about the
dynamics of motion of machines, about the
criteria of optimization in general, but namely
optimization of motion modes of screw
conveyors and feeders are not been studied.

Therefore the objective of this paper is to
define an optimum motion mode of the screw
conveyor, by one of the chosen criteria of
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optimality, for the purpose of reduction the
dynamic loads.

Do

((

M,

3. RESULTS AND DISCUSSION

Screw feeder is presented in the form of
dynamic model that consists of four weights,
connected by elastic elements (fig. 1) [13].

Fig 1. The dynamic model of screw feeder

On the basis of the constructed dynamic
O000IoOO0000Om OO0 00mi o000 3y,
differential equations of motion of screw feeder
are written (1):

01,8, "M, 0C, 04,0410,
0L, 8¢, (4,0000C,04 00,00M,;

0
01,6, 2€,(4 0510C,15,0400M,; (1)
%Isﬂs ng (lgz DﬂaDD Msr

where 1,.1,.1,.1, - respectively inertia moments of

links of drive mechanism and elements of screw
shaft with the transported cargo.

These moments erected to the turning
axis of the screw;

0,.0.0,.0,- the generalized angular coordinates
of turning movement of the concentrated
weights respectively of drive mechanism and of
screw shaft with cargo;

M. - the start-up torque on motor shaft, which is
erected to the turning axis of the screw;

M,.M,,M, - the moments of resistance forces from
the moving cargo along sections of screw shaft;
c,.c.c,- respectively rigidity of links of drive
mechanism and rigidities of screw shaft
sections. Sections are presented by separate
elements. These rigidities are erected to the
turning axis of the screw.

At the beginning of the work it is possible
to note stages of gradual changes of moments of
resisting forces on each section of the screw
feeder in the process of movement the cargo.
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In the previous researches [8,17] for
simplification of calculations has been made the
assumption that the moments of resistance
forces are presented as constant values. In this
research is considered the case, when wm,,m,,Mm,
change relative to rotation speed of screw shaft
under the linear law:

K, 01,
, 01
WY

g
M1DMmﬁ<1D

K

M, OM y O [bE
2 jzﬁ% Zﬁ
¥

)

K, 01

Wy

b

0
M3DMH3§<3D

where Kk, 0kK,0K,018- the factors, that consider
increase of the moments of resisting forces at
the beginning of motion in comparison with the
established motion mode of the conveyor (it is
set experimentally);  m.,,M,,,M_, onominal
values of resisting moments on each of sections;
w, 0 steady-state angular speed of screw shaft.
From the equations of system (1)
a,,0 ,0, their derivatives and the start-up
torque of the engine, that is erected to the
turning axis of the screw, are found:
M, 0C,[4 0400 1,4, (3)
After some transformations  final
expression of the start-up torque, that depends
on £, and also on its derivatives, has been

obtained.






