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RESEARCHES ON HAY VENTILATION WITH AIR HEATED IN A SOLAR PANEL

CERCETI RI PRI VI ND VENTI LAREA FANULUI CU AER
Ph. D. Eng. Nedel cu , Ph. D. A, EnggRrutd@nuiAMe r c £ . R. , Eng.
INMA Bucharest / Romania
Tel: 0212693250; E-mail: nedelcuus@yahoo.com

Abstract: The hay is a very valuable fodder obtained by Rezumat: Fanul este un furaj deosebit de valoros ob$ i 1t
natural or artifficial drying of green plants harvested by prin uscarea naturalt sau
mowing. The hay nutritive value is also influenced by recoltate prin cosire. Val
methods of preparation and conservation used. The influenSatt «Ki de metodel €
paper presents the economic technical solutions for Lucrarea prezintt sol usSii
preparing the bulk hay by ventilation with air heated in a pregttire f Onuliuiarwver accu pareir
solar panel, built of solar collectors made of cheap and panou solar construit din captatori solaric onf ec Si
light materials, able to absorb the radiation. Within the materiale ukoar e, ieftine,
tests, have been measured: air temperature in the panel sol ar t. Cn cad-aul mt stemsperatira
at different hours, Tps, air speed in the panel, Vps, aerului din panou la diverse ore ale zilei, Tps,, Viteza
temperature variation, OT during the ventilation process, aerului in panou, Vps, var i aSi a t0OF ingimpule
while the meteorological parameters are continuously procesul ui de ventil ar e,
controlled. permanente a parametrilor meteorologici.
Keywords: solar collectors, conservation,hay preparation, Cuvinte cheie:capt at or i sol ar i , fam

warm air ventilation

INTRODUCTION

By harvesting, preparing and conserving pasture
and crops fodder under different forms it is aimed to
obtain a product with an alimentary value almost
similar to green fodder initial value, taking into account
that is a very good quality fodder both in terms of its
botanical composition (balanced mixture  of
graminaceae and perennial vegetables) and harvesting
stage.[1], [2].

The most used methods in Romania are the
harvesting and preparation of fodder as hay. The hay
represents an important share of fodder feeding balance
during the winter, especially in areas where pastures
occupy large surfaces. In plain regions, hay is produced
in agricultural fields cultivated with annual or perennial
fodder plants, the natural pastures covering small
surfaces.

In order to reduce the drying time and implicitely the
losses of nutritive substances, many harvesting, preparing
and conserving methods of hay have been developed.
The most known fodder drying methods are: traditional
(natural) drying in stubble field; drying on supports; fodder
drying by cold air ventilation; fodder drying by hot air
ventilation; green fodder drying by thermal dehydration in
special drying and briquetting stations.

The biggest losses of nutritive substances are
determined by hay traditional drying in stubble. These
losses might reach, in bad weather conditions, even
50..60%, the drying period coming up to 6-8 days [4].

When hay of 35-45% moisture is gathered from the
field, it is stored in hay stores or platforms endowed
with drying installation, where is achieved cold or warm
air ventilation up to conservation humidity (under 7%)
and consequently, losses may be reduced up to 15-
20% [5].

Installations for hay warm air drying based on
conventional energy consumption: fossile fuels and
electric energy are complex, expensive and difficult to
redeem in small and medium-sized farms in
unfavourable areas. Because of necessity to reduce
conventional energy consumption, new solutions for non-
polluting and cheap air heating solar installations have
been sought [6, 7].

ventilare cu aer cald

INTRODUCERE

Prin recoltarea, pregttire
a furajelor de pe pajikti b
realizarea unui produs fina
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MATERIAL AND METHOD

The paper presents solutions designed to heat the air
in solar collectors assembled as a panel placed on the
ground, next to the drying platform. The constructive
solutions allow the users to move the drying installation
from a store platform to another, on the spot, where hay
final drying is needed.

The solar panel (fig.1) is a main assembly of air
ventilation installation of bulk hay and because it is built as
a modular structure, the users may adjust their installation
according to the farm needs [3].

Solar collectors dimensions allow a safe and simple
transport and handling.

1SB:INILTER 2013

MATERI AL kIl METODF

Lucrarea ©prezintt s oderuld ini
captatoare solare asamblate sub forma unui panou
amplasat pe sol, In apropierea platformei de uscare.
SoluSiile constructive peSir
de uscare de la o platforma de depozitare, la alta, acolo
unde este necesart definiti

Panoul solar (fig. 1) este un ansamblu principal al
instal aSiei de ventilare cu

construitin-o strmodukart utiliza
instal aSia de uscare confor
Captatorii solari au di me
mani pularea “n condi Sii de

Fig. 1 - Assembled solar panel / Panou solar asamblat

1 - End collector /

The solar panel of installation studied comprises five
solar collectors designed to heat the air, serially mounted
one after the other, on a frame made of metallic profiles.
The solar collectors are light, made of pressed wood. The
frontal wall through which the light passes is made of
transparent material. Within the space designed to heat
the air, in the relevant collectors have been mounted
intermediary longitudinal walls, creating this way, the
space to lead the air in a zigzag movement, on all the
collectors surface, in order to obtain a maximum heating
yield.

The air to be ventilated is heated in the panel
collectors by means of greenhouse effect. During the air
ventilating, the atmospheric air is absorbed through a hole
(2), passes through the solar panel in a zigzag course, it
is heated and after that is exhausted through a special
hole (3) of solar panel, continuing its way through the
flexible tubing (4) towards the fan admission hole to the
drying platform levelling chamber

Capt at o 2-Inteemediamydliéctor / Captator intermediar;
3 - Admission and pressing collector /

Captator de admisie Ki

Panoul solar al instal a Si e ,sestel fbrimat tdia

cinci captatori solari de
unul dupt cel tl alt pe un
Captatoridi sol ari sunt de
pereSii din OSB. Per et ethidi
sol are este din materi al p
“"nctl zire al aer ul uiay montat pec
l ungi me peregSi l ongi t udisa

trasee pentru dirijarea aerului in zig-z a g, pe
suprafaSa ,campdmttrour i bb8i ner
maxim de “ncktlzire.

Aer ul necesar ventil btrii
ai panoul ui prin efectul (
absoarbe aerului rece atmosferic prin orificiu (2), acesta
parcurge panoul solar pe traseul in zig - zag, s € " nc,t

K i s e e vparcoufieial gpecial (3) al panoului solar,
continu®©nd traseul prin tu
cttre orificiul de admisie

de uniformizare a platformei de uscare.

Fig. 2 - Details of an assembled solar panel / Detalii panou solar asamblat
1 - Solar panel / Panou solar, 2 - Air intake hole in the panel / Orificiu de admisie aer in panou;

reful are
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3 - Air exhausting hole / Orificiu de evacuare aer, 4 - Tubes / Tubulatura

During the researches, have been measured the air
temperature in the solar panel, air speed during hot air
ventilation and have been analyzed the panel constructive
characteristics after a long exposure to sun and rainfalls.

A digital thermometer with transducer measuring the
panel temperature, INMA Bucharest professional
agrometeorological station designed to control meteo
parameters and a TESTOVENT 4000 type anemometer for
determining wind speed in the panel when ventilating, were
all used for tests.

-

a) Panel temperature meéstfrihg /IMbsur ar ea

RESULTS

The temperature in the solar panel has been measured
on a partly cloudy day, between 8 a.m. and 4 p.m. and the
values resulted are shown in table 1.

temper at b) Air Speed measprimgiMtus ur ar e a
Fig. 3 - Aspects duringthetests/As pect e di n

I'n ti mpul -‘amcentcturialtort eang
din panoul solar, viteza a
c a | d-aukanalizat caracteristicile constructive ale panoului
dupt expunerea pe timp “~ndi
Pentru experimen t t 1aiutilizat un termometru digital
cu traductor pentru mLsur
solar, st aSi a met eo pimdteesdroeall
dotarea | NMA Bucurexkti pen
me t e anemornetru tip TESTOVENT 4000 pentru determinarea
vitezei vOntul ui “n panou

vitezei
ti mpul experimenttrilor
REZULTATE
Ssa mbsurat temperat ur aale8-16

ntr-o zi cu cer variabil, valorile sunt prezentate Tn tabelul 1.

Table 1/ Tabelul 1

Date / Data: Hour / Ora
20.06.2013
Parameter / Parametru 8 9 10 1 12 13 14 15 16
Solar radiation / Radi a$| 0.4006/ 0.2438/ 0.3494 / 0.8648 / 0.4976 / 0.7752/ 0.6888 / 0.5744/| 0.4376/
[kW/mz] 0,4006 0,2438 0,3494 0,8648 0,4976 0,7752 0,6888 0,5744 0,4376
Atmospheric humidity /
Umiditatea?aerului atmo:feric 67.635/ 67.431/ 67.277 1 55.552 / 47.821/ 40.5504 / | 43.4688/ | 42.3424/ | 41.2672/
U, [%] ! 67,635 67,431 67,277 55,552 47,821 40,5504 43,4688 42,3424 | 41,2672
, |V
Atmospheric temperature / 235/ 24.03/ 25.5/ 26.82/ 2751/ 28.26 / 28.35/ 29.05/ 28.71
Temperatura ??E?tmosrer'c' Ta, | "5 24,03 25,5 26,82 27,5 28,26 28,35 29,05 28,7
Temperature in the panel at the
beginning of ventilation / 25.4/ 22 55.2/ 58 60.3/ 61.3/ 63/ 68/ 67/
Temperatura in panoul la 25,4 55,2 60,3 61,3 63 68 67
"nceperea py[*Cht
Indicator of panel temperature 1.9/ 7.97/ 29.7/ 31.18/ 32.8/ 32.04/ 34.65/ 38.95/ 38.3/
increasing/ | ndi ¢ at ters 1,9 7,97 29,7 31,18 32,8 32,04 34,65 38,95 38,3
a temperaturii Tn panou, Ir,[ C]
Panel temperature after 15
netilating min. / Temperatura din 23 % 30 31 25 26 a7 39 39
panou dupt 15 n
Tesy[° C]
Temperature variation during
the ventilation/ Var i
. , 241 25.2/ 25.3/ 25.3/
temper aturii 24 6 2592 28 253 253 26 29 28
DT,
Radia'n Humidity

1
0.8
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Fig. 4 - Graphical variation of solar radiation /

Fig. 5 - Graphical variation of air temperature /
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VariaSia grafica a radiaSiei VadgliarSée a grafica a temperaturii
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Fig. 6 - Graphical variation of air humidity/Var i a Si a

where:
It - Indicator of temperature increment in the panel, [ C]

DT -variation of temperature in solar panel during

heated air ventilation of hay to be dried.

Figures 4, 5 and 6 represent the graphical variation of
atmospheric parameters during the day, parameters
influencing the panel working characteristics.

Fig. 7 represents the graphical variation of temperature
in solar panel, measured when ventilating the hay with
heated air and atmospheric temperature during the
working process studied.

The energy radiated by sun is collected by panel walls
and transferred to air in the panel. The phenomenon of
heat transfer appears at air direct contact with panel
constructive elements.

(o]
o

grafict a umidittkSii

unde:
k-l ndi cator de crekter&€]a
DT-variaSia de temperatur
ventil trii cu aer cald a
I =T, - Tog (1)
DT =Tpg;- Tps, @
Figurile 4, 5 K i 6 rep
parametrilor atmosferici p

asupra caracteristicilor de lucru ai panoului.

Figura 7 reprezintt wvarize
panoul solar, mt suratt "~ n moment ul
aer “"nctl zit, K i a temper

procesul de lucru studiat.

Energia radiatt de soare este captatt d e p e
panoul ui K i transferatt ae
transfer de ad¢ohtattulditect al peautuiecu
elementele constructive ale panoului.
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Fig. 7 - Graphical variation of temperature in solar panel/Var i a$Si a

During warm air ventilation, the installation axial fan
absorbs the heated air from solar panel, by greenhouse
effect, leads it through tube system to the drying platform
levelling chamber, from where air penetrates into the
fodder mass through the grating of drying platform and
ventilating channels designed for this purpose.

The air flows towards the course imposed by the
immobile structure, thus achieving the thermal transfer
from the panel to air. The air speed in the panel in different
moments of ventilation is shown in table 2.

10

15 16

grafict a

TntimpulventiILrii cu aer cal d,
absoarbe aerul “nckl zit pr
solar, 1l dirjeaza prin tubulaturi in camera de uniformizare
a platfor mei de wuscare, i a
furajep r i n ¢gprl taddlatfarrhei de uscare k i ¢ a dhee
ventilare special amenajate pe platforma de uscare.

Aer ul curge pe traseul i
realizadndu-se asrfel transferul termic de la panou la aer.
Vitezele aerului Tn panoul solar in diverse momente ale
ventiltrii sunt prezentate

temperaturi.i

a e

aerul ui
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Table 2/ Tabelul 2

Ora/ hour
Parameter / Parametru 8 10 12 12
. . . . 1.61/ 1.71/ 1.84/ 1.84/
Air speed / Viteza aerului atmosferic [m/s/] 1,61 171 1.84 1.84
Air speed when entering the panel / Viteza aerului la 2.4/ 25/ 2.4/ 241
intrarea n panou [m/s] 2,4 2,5 2,4 2,4
Air speed when leaving the panel / Viteza aerului la 25/ 25/ 241 25/
i ekirea Jdislh panou 2,5 2,5 2,4 25
CONCLUSIONS CONCLuUzII
After the researches, the following conclusions can be Cn ur ma cercettrilor se
formulated: concluzii ki aprecieri
A Assuring the high quality fodder necessary for A Asigurarea necesarul ui d
feeding the animals in livestock farms, during winter pentru hrtnirea ani mal el
represents a problem of great concern for cattle ti mpul iernii, este o pr

farmers;

A The traditional method used in Romania is
harvesting, preparation and conservation of pastures
and crops fodder as hay, especially in hill and
mountain areas;

A In order to reduce hay qualitative and quantitative
losses, determined by long time exposure to sun and
atmospheric factors after mowing and leaves losses
by shaking (especially for perennial vegetables), the
technology of gathering the fodder on field at 35-45%
humidity, their storing in special dryers or hay stores
and the final drying up to appropriate conservation
humidity (about 18%) by warm air ventilation, were
assured;
For small farms has been achieved and studied the
hay drying installation by ventilating the air heated in
panel comprising the solar collectors, for reducing the
electric and mechanical energy consumption;
Air in the panel is heated due to solar radiation and
thermal transfer from panel constructive elements;
Temperature in panel is influenced by solar radiation
and atmospheric temperature; analyzing the panel
temperature increasing indicator, it has found that
between 8..9 hours the temperature raises up to
797C,and between 10é16 ho
reaches 38.95 C. Maximum values are registered
within 14-16 hour interval;

A The solar panel construction and ventilation
installation make the air speed in the panel to be
almost steady during ventilation process;

A Following the experiments, has been found that the
solar panel studied assures the heated air necessary
to achieve the hay dehydrating by ventilation.
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COMPARATIVE ANALYSIS OF DISTRIBUTION UNIFORMITY WHEN APPLYING PHYTO-
SANITARY TREATMENTS OF DIFFERENT PRESSURE IN FIELD CROPS

/

ANALIZA COMPARATIVA A UNIFORMITATII DE DISTRIBUTIE LA APLICAREA
TRATAMENTELOR FITO-SANITARE IN CULTURILE DE CAMP LA PRESIUNI DIFERITE
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(Ni Su)
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Abstract: The paper presents the manner in which the
equipment working qualitative indices vary, aiming to
reach a high level of protection and safety of
environement. Therefore, multiple tests on special bench
have been performed, by modifying the working
pressure.

Keywords: tests, diagnoses, nozzles, pressure, phyto-
sanitary treatments.

INTRODUCTION

The current Aenvironment
character, aiming to study, analyze and control the
operation of protected systems in their whole
complexity.

The environment represents an essential element of
human existence, being the result of interferrences of
natural elements i soil, air, water, climate, biosphere i
with elements created by human activity. All these
elements interract and influence the conditions and future
developing possibilities of society [2].

Current studies and researches, regarding the methods
and equipment of applying the phyto-sanitary treatments,
frame within the new tendencies of practising a
sustainable agriculture, taking into account that pyto-
sanitary protection represents one of main sources of
diminishing environment chemical pollution. [1]

An important aspect of policy of continous growth of
products quality of each economic agent is to maintain the
machines conformity [3].

Evaluation criteria of machines applying phytosanitary
treatments are: reliability, productivity, quality and
efficience of operations performed, manner in which the
solution is distributed on plant or soil, minimum losses of
solution, etc. [4]

According to European norms in force, in most EU
member states, manufacturers, importers and distributors
of equipment applying phyto-sanitary treatments, which
trade these machinery on European market, should
declare to relevant bodies that they comply to norms in
force.

Therefore, the equipment designed to apply phyto-

sanitary treatments manufactured by Romanian
economic agents sould be tested and evaluated
according to the Directive 2009/128/CE. The

manufacturing technology of equipment above will be
based on innovative testing method elaborated, in order
to ensure the user high protection and safety degree,
biodiversity and environment security [1], [5].

MATERIAL AND METHOD

Researches concerning the determination of qualitative
indexes of machinery applying phytosanitary treatments
have been performed on a carried herbicide applying
machine, using a bench specialized in determining
distribution uniformity per working width.
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Conform normelor europene in vigoare, in majoritatea
statel or membr e u. E. , prc
distribuitorii de echipamente de aplicare a tratamentelor

fto-sanitare care comercial:
aceste tipuri de maxkini, t
abilitate ct acestea coresg
Prin ur mar e K i echi pamt
tratamentelor fito -sani t are produse ¢
din Rom®ni a trebui e st f
conform Directivei 2009/ 128/ CE. Met o
testare elaboratt va sta |

de fabrica$Si e a apcark apesicdelorine
vederea atingerii unui “na
pentru utilizator, biodiver
MATERI AL kI METODI

Cercettrile privind det e

echipamentelor tehnice de aplicare a tratamentelor fito -
sanitare s-au efectuat pe o0 maki nt purt
erbicidat, utilizdnd un stand specializat ce permite
determinarea uniformittSii

Ph,. DRhEngSt ula.n eE@n gD.. , D uEmigt. r



INTERNATIONAL SYMPOSIUM

Tests designed to verify the distribution uniformity have
been performed in compliance with relevant requirements.
Innovative method of testing has been set up according to
Directive 2009/128/CE, Directive 2006/42/CE and
following European norms and standards:

When preparing the testing bench one should
perform adjustments and set supporting elements for
the frame, assuring cardanic transmission coupling to
pump driving shaft and verifying the connections
related to electric engine drive, coupling to electrical
network and controlling electric engine integrity and
operation.

1 Nozzle flow rate was determined by volumetric method
for each nozzle type (ALBUZ AXI with the code ISO
11003, tip AG 03), by collecting each nozzle liquid within 1
minute interval, at pressure at which the pump flow rate is
set up. Then, the flow rate average value was determined
for each device.

1 Determination of pressure reduction (loss): at ramp
segment end are mounted standard manometers instead
of nozzles. Device manometer is set for at least two
working pressures. Values indicated by device manometer
will be compared with values indicated by standard type
manometer.

1 Determination of transversal distribution uniformity on
testing bench: testing bench has a scanner with 8 chutes
of 100 mm width and 80 mm depth (distance measured
between the upper edge and chute bottom). Scanner
width is of 1.5 m, and the 8 cylinders are of the same type
and size, having 500 ml capacity. Scanner displaces on
rails under the spraying ramp, collecting and weighing the
liquid coming from each nozzle, thus covering the whole
width of spraying machine. Values of measurements are
sent by radio-link to computer, which processes and
graphically diplays them.

Bench for determining the transversal distribution (fig. 2):
liquid distribution is measured under the spraying ramp; it
represents the spraying machine distribution in the field,
being automatically measured with high precision by
electronic scanner testing device, which independently
moves under the machine up to completely determining
the distribution per machine entire width. Surface to
measure is of 1.50 m/0.80 m and is completely horizontal
for not influencing measurements and irrespective of
nozzles deviation angle. Liquid is collected in collecting
trays. Data are stored in a memory - box and afterwards
tranferred to PC. Data transfer is made by radio (radio-
link).

RESULTS
Determination of nozzle flow rate
Then, at working pressure of 2.0; 2.5; 3.0; 3.5; 4.0 bar
the average flow rate was determined for each nozzle. For
each pressure 3 measurements have been performed.
Results obtained are shown in table 1.

2 . 1
\‘ Vt
|

Fig. 11 Carried herbicide applying machine P 612/Ma kd pnu r tpantrLLé}bicidat P 612
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Fig. 2 - Bench for determining the transversal distribution /St and u |
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pentru determinarea distribu

Table 1/ Tabel 1

Nozzle flowrate/De b i t [lining £
Nozzle / Duza Pressure / Presiunea [bar]

2.0/2,0 2.5 3.0 3.5 4.0

Rated value/Val oar e n 0.98/0,98 1.10 1.20 1.30 1.3

1 1.02 1.14 1.22 1.32 1.39

2 1.01 1.12 1.21 1.30 1.40

3 0.99 1.10 1.16 1.23 1.31

4 1.07 1.17 1.25 1.34 1.45

5 1.03 1.15 1.24 1.31 1.43

6 1.04 1.16 1.21 1.30 1.44

7 1.02 1.13 1.18 1.29 1.37

8 1.04 1.13 1.21 1.29 1.41

9 1.01 1.12 1.18 1.26 1.36

10 0.99 1.11 1.17 1.25 1.36

11 1.03 1.13 1.20 1.30 1.40

12 1.06 1.16 1.22 1.30 1.44

13 1.06 1.16 1.21 1.30 1.38

14 1.06 1.14 1.20 1.27 1.36

15 0.98 1.04 1.13 1.26 1.37

16 1.07 1.14 1.22 1.32 1.41

17 1.04 1.08 1.16 1.27 1.30

18 1.08 1.15 1.25 1.34 1.44

19 1.08 1.12 1.19 1.30 1.38

20 1.04 1.15 1.19 1.31 1.40

21 1.06 1.15 1.23 1.36 1.29

22 1.04 1.12 1.19 1.27 1.37

23 1.03 1.11 1.15 1.26 1.30

24 1.11 1.12 1.17 1.34 1.45

AVERAGE/ MEDIA 1.04 1.13 1.20 1.30 1.38
Determination of pressure diminishing (loss) Determinarea cktderii (pier«
It has been achieved by mounting standard manometers S-a realizat prin montaresc
instead of nozzles at ramp end sections. The values rampt “n | ocul duzel or a-am

indicated by equipment manometer have been compared
to those indicated by standard manometer, the obtained

results being shown in table 2.

comparat valorile indicate de manometrul utilajului cu cele
indicate de manometrul tip standard rezul t at el e
fiind prezentate in tabelul 2.

Table 2/ Tabelul 2

Pressure / Presiunea [bar] Leftrampend/Captt r ampy Rightrampend/Captt rampt
2 2.05 2.06
25 2.3 2.37
3 3.03 3.13
35 3.23 3.34
4 3.62 3.75

Determintion of transversal distribution uniformity

Transversal distribution was made on the testing bench
for verifying the spraying machines in field crops (fig. 3), at
working pressures of 2.0; 2.5; 3.0; 3.5; 4.0 bar. For each

pressure 3 measurements have been performed.

Determinarea uniformittSii
DistribuSia -at rfatnswterpeal &t

pentru verificarea ma k i nde ktropit Tn culturi de camp

(fig. 3), la presiunile de lucru de 2,0; 2,5; 3,0; 3,5; 4,0 bar.

Pentru fiecare presiune s-a u

15
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Fig. 31 Aspects during transversal distribution uniformity determination /

Aspectedintimpuldet er mi ntri i uniformitbSii distribuSiei trar
A part of results obtained are shown in diagrams in O parte din rezul tatele
figures 4, 5, 6, 7 and 8. di agramele din figurile 4,

Cross distribution blue nozzle, AG 03 type, 2 bar pressure, repetition 1/
DistribuSie transversalt duze albastre, tip AG 03, presiune 2
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Fig. 4 - Diagrams of transversal distribution at 2.0 bar/ Di agr amel e di stri buSiei transversale |

Cross distribution blue nozzle, AG 03 type, 2.5 bar pressure, repetition 1/
DistribuSie transversalt duzz2, albastrreepe¢eti pSA& D3, presiune
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Fig. 5 - Diagrams of transversal distribution at 2.5 bar/ Di agr amel e di stri buSiei transversale |
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Cross distribution blue nozzle, AG 03 type, 3 bar pressure, repetition 1/
DistribuSie transvertsiaptAGuae®, apbasitumre 3 bar, repeti Sia 1
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Fig. 6 - Diagrams of transversal distribution at 3.0 bar/Di agr amel e di stri buSiei transversale |

Cross distribution blue nozzle, AG 03 type, 3.5 bar pressure, repetition 1/
Di stri buwgeresdlrtanduze al bastre, tip AG 03, presiune 3,5 bar

|
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istanta (m)
Fig. 7 - Diagrams of transversal distribution at 3.5bar/Di agr amel e di stri buSiei transversale |

Cross distribution blue nozzle, AG 03 type, 4 bar pressure, repetition 1/
DistribuSie transversa It duze albastre, tip AG 03, presiune 4

i VAl
B !
i I 1 T L 0 I
l
distanta (m)
Fig. 8 - Diagrams of transversal distribution at 4.0 bar / Diagrameled i st ri bu$Si ei transversale | a pre

CONCLUSIONS CONcCLuzII

After processing the experimental data was obtained Cn urma prelucrtrii-adatheli
a table containing each nozzle flow, where it is noted tabel cu debitul fieckrei du:
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that the average flow rate on each spraying device does
not exceed by more than = 10% the shown nominal flow
rate.

Next, checking also pressure drop at the end of the
ramp sections, it is noted that pressure does not differ by
more than 10% comparing with the indicated value by the
machine manometer. Thus, machine verified with the
method indicated in the paper meets the conformity
requirements from SR EN 13790-1: 2004.

In addition to this type of verification (according to SR
EN 13790-1: 2004, method 2), was also verified the
transversal distribution uniformity, average deviation not
exceeding by more than £ 20% the trough average value,
related to the pressure applied.

By implementing testing methods after manufacturing it
facilitates the implementation of 2009/128/CE Directive,
establishing a framework for Community action to achieve
the sustainable use of pesticides and respecting
2006/42/CE. Directive which provides rules to ensure the
environmental requirements for market placing of pesticide
application equipment in order to reduce the adverse
effects of pesticides on human health and the environment
caused by such equipment.
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Abstract:.

Currently the research of medicinal and aromatic plants
enjoys a special interest justified by the increasing of
efforts in order to finding of cures for some incurable
diseases, but also by the need to broaden the assortment
of products and pharmaceutical preparations obtained
from them. The therapeutic action of medicinal and
aromatic plants is due to the presence of bioactive
compounds. Important quantities of raw material, rich in
active ingredients can be obtained only by -cultivating
medicinal and aromatic plants, knowing and applying more
technological links. One of these is represented by the
harvesting. This paper summarizes the techniques of
harvesting, especially mechanized harvesting harvesting
of Herb and the inflorescences of medicinal and aromatic
plants, as well as the current trends in the field.

Keywords: active principles, Herba, inflorescences,
medicinal and aromatic plants, mechanized harvesting

INTRODUCTION

Since to the therapeutic efficacy of medicinal plants
stays the dialectical relationship active substance -
pharmacodynamic activity, of prime importance is the
quality of the raw material. This is conditional on:

- knowing of the plant organ with the highest content
of active substances;

- knowledge of the moment of plant development,
when the parts that are capitalized contain the
highest amount of active ingredients;

- the harvesting method, so that the losses in active
ingredients to be minimized.

The underground organs (roots i radix, rhizomes i
rhizoma, bulbs T bulbus, tubers T tuber) is usually
harvested in autumn, after the plant completed the active
period of vegetation.

The aerial organs, respectively the stalk with leaves and
flowers - Herbie usually are harvested at the plant flourishing,
but where appropriate, the stalks with leaves can be
harvested sometimes throughout the whole vegetation
period. The buds i gemmae and the peel i cortex, is
collected early in the spring. The leaves 1 folium is
collected in the first part of the vegetation. The fruits T
fructus are harvested when they are completely developed,
the fleshy or the dry ones, shortly before the opening. The
seeds - semen are collected at the full maturity [3].

The flowers - flores, for some species are harvested
before they open, while others containing volatile oils
when they are completely opened. If the flowers fade, they
do not contain volatile oils or other active principles in the
same proportions, causing qualitative losses of harvest. It
is recommended optimal harvesting moments depending
on the species, thus: for chamomile and calendula
harvesting will be made when the 50% of tubular flowers
from flower head are opened and the ligulate flowers have
a horizontal position, for the corn silk harvesting will be
done after fertilization, therefore after its wilting [8].

It is recommended that the leaves, flowers and
inflorescences to be harvested during steady weather, sunny,
without humidity, in the morning or in the afternoon. The
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species cultivated for fruits and seeds are collected on breezy
weather in the morning, evening or in the night [5]. For the
resources containing volatile oils is recommended the
collection on cloudy weather [3].

Harvesting of medicinal and aromatic plants can be
made: manually, semi-mechanized and mechanized [7].

The manual harvesting performed by qualified
personnel has as a result top quality products. Otherwise,
quality of products obtained is not even. In some cases,
this harvesting method is the only available [7], although it
is a lengthy and costly process, taking place with big
losses.

The semi-mechanized harvesting represents a
compromise between developing and using auxiliary
devices due to which the manual harvesting can be easier,
more effective and less burdensome for the operator by
ensuring an as ergonomically position of it. This
humanization of the work appeared because the access of
the medicinal and aromatic plant producers to the know-
how of the market, relating to the mechanized harvesting,
is very expensive. The development of an "own"
mechanization is also very expensive [7].

The mechanized harvesting of medicinal and aromatic
plants are used mainly for the cultivated species.

MATERIALS AND METHOD

In the paper, the mechanized harvesting of medicinal
and aromatic plants is classified and analyzed depending
on several factors. In order to be applied, the mechanized
harvesting imposes:

- creation of new varieties of herbs and aromatic
plants so that the plants from a crop to develop as
evenly;

- conceiving and achievement of high performance machinery,
which are based on new techniques for harvesting.

Mechanized harvesting of a useful certain part of
medicinal and aromatic plants, leads to the following
classification:

- harvesting of bulbs and roots;

- harvesting of Herb leaves and stalks;

- harvesting of flowers or parts of flowers;

- harvesting of fruits and seeds.

Mechanized harvesting of the inflorescences consist in
the action of detachment of the floricultural segment from
the rest of the plant, retention, transport and unloading in a
collecting bunker. The floricultural segment detachment is
achieved by two methods:

- cutting the petiole under the action of shear forces;

- breaking the petiole in the section of least resistance
under the action of the pulling force.[9]

According to the method of detachment used, the
harvesting bodies can be:

- with cutting device;
- with specialized organs.

The harvesting systems with cutting device carried the
sectioning of plant stalks at the a fixed distance from the
ground [9]. The cutters are those classicals construction of
used in the mowing machines, with cutting by shearing.
The shearing forces are applied by two distinct
components: knife and counter-knife. From the
constructive point of view there are two types of cutting
devices: with simple knife and with double knife. The
systems with cutting device are used for the harvesting of
the inflorescences with herb of Medicinal and aromatic
plants, namily all the aerial part of a plant (stalk, leaves
and flowers). At some species is practiced such
harvesting, after the inflorescences were harvested (for
example: camomile), at others is practiced from the
beginning (mint, hyssop, etc.) [6].
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toatt partea aeriant a wur
flori). L a unel e specii
recoltaree dupfostrrecolt
(ex: mukeSel ), | a altel e
(

menta, isop, etc.) [6].
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This type of harvesting from large areas (used for: mint,
hyssop, sage, nettle, basil etc.) is performed with
machinery (self propelled or towed) intended for
harvesting of leafy vegetables (spinach, lettuce, parsley,
basil, etc.)

Harvesting can be done with specialized machines for
the harvesting of several species of MAP and herbaceous
plants of the type mower loader, developed especially by
the small companies. This kind of machinery is profitable
because it can be used for example for the harvesting of
chamomile, Calendula and lavenderas well as at the grass
mowing [6].

Harvesting of medicinal and aromatic plants from small
plots and experimental horticultural fields is done with
small capacity machines, pushed or carried by operators.
The main element is a cutting device whose width can be
between 1.2-1.6 m (the portable mower SuperCut
2000NT) or between 0.75 to 1.2 m (harvesters Jenquip
NZ). Next to this the small machines are equipped with
other elements that support the collection process, such
as: blower, bag collector or supporting wheels, conveyor
etc. [6]

Harvesting of flowers is a typical problem and special
for the medicinal and aromatic plants, being an operation
that rarely is performed for other crops. Chrysanthemum
flowers (of which the pyrethrin is extracted) can be
harvested by means of special organs type:

- rotor with bars (Fig. 1 left), where the cylinder (11)
induces stress in the stalk of the plant (10) in the
vicinity of the flower head, while the flower (9) is
separated from the stalk between the bars (8) of the
rotor and the bottom wall (5) [10];

- picker with bars and fingers (Fig.1 center right),
characterized by the alternation of thin fingers and
closer (a) to those thicker and spaced (b), being three
each areas for each type [11].

machine movemant dinctior /
dirscily s denlazars maana <

rator rotational serse /.

Sens de rotatie rdor v
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Acest gen de recoltare de pe suprafete mari (utilizat
pentru: menta, isop, salvie, urzica, busuioc etc.) se
realizeaza cu masini (autopropulsate sau tractate)
destinate recoltarii legumelor frunzoase (spanac, salata,
patrunjel, busuioc, etc.)

Recoltarea se poate realiza cu ma ki ni s p
pentru recoltarea mai mu |
ierboase de tipul cositoare ~ n ¢ L r adézvolate ,mai
ales de companiile mici. Genul acest a
profitabil, deoarece poate fi folosit pentru recoltarea de
exemplu a mukeSelului, gtl
si la cositul ierbii [6].

Recoltarea plantelor medicinale si aromatice de pe
parcele mici si campuri experimentale horticole se
realizeaza cu masini de capacitate mica, impinse sau
purtate de operatori. Elementul principal este un aparat
de taiere a carui latime poate fi cuprinsa intre 1,2-1,6 m
(cositoarea portabila SuperCut 2000NT) sau intre 0,75-
1,2m (culegatoarele Jenquip NZ). Pe langa acesta,
micile masini sunt dotate cu alte elemente care sustin
procesul de colectare, cum ar fi: suflanta, sac colector
sau roti de sprijin, transportor etc. [6]

Recoltarea florilor este o problema tipica si speciala
pentru plantele medicinal:.
care rareori se executt
crizantema (din care se extrage piretrina) se pot recolta
cu ajutorul unor organe specializate de tip:

- rotor cu bare (fig.1 stg),unde cilindrul (11) induce

tensiune “n tul pina pl
capul ui florii, “n timp
de tulpinkt “ntre barele

inferior (5) [10];

- culegator cu bare si degete.(fig.1 centru dr.),
caracter i z a't prin alternant
apropiate (a) cu cele m
(b), fiind cate trei zone pentru fiecare tip [11].

Fig. 117 Harvesting systems for chrysanthemum flowers / Sisteme de recoltare pentru flori de crizantema[10],[11]

Chamomile is an important medicinal plant that is
cultivated in the world on approx. 20,000 ha, of which
1,000 ha in Germany.[1] Before '90, surfaces cultivated in
Europe were much higher, even Romania was among the
manufacturers.

The dominant organ of chamomile harvest remains the
comb. [4] In order to be rotate, the combs are arrayed on
a picker so that when passing through the layer of stalks,
perform the separation of flowers. The working process
includes:

a) comb penetration into the layer of stalks;
b) combs movement along the stalks;
c) combs exit from the layer of stalks.[9]

The rotary harvesters with combs characterizes all self-
propelled harvesters of chamomile known. These were
developed in the '80s [1] some of them are still used today
such as: Hege, KemLinzlll (Germany), Slovark VZR-4
(Slovakia) [4]. The common feature of these machines is
the the rotation movement of the picker in the direction of
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Musetelul este o importanta planta medicinala care se
cultiva in lume pe aprox. 20.000 ha, din care 1.000.ha in
Germania.[1] Inainte d e 690, suprafa
Europa erau mult mai mari, chiar si Romania se situa
printre producatori.

Organul de recoltare dominant pentru musetel,
ramane pieptenele. [4] Pent ru a putea
sunt di spuki pe un cul egtt
stratul de tulpini, desprind florile. Procesul de lucru
cuprinde:

ayjpttrunderea pieptenilor

b) deplasarea pieptenilor de-a lungul tulpinilor;
c)i ekirea pieptenil @ din
Culegatoarele rotative cu piepteni caracterizeaza toate
masinile autopropulsate de recoltat musetel cunoscute.
Acesteas-au dezvoltat in anii
folosesc si astazi cum ar fi: Hege, KemLinzlll (Germania),
Slovark VZR-4 (Slovacia) [4]. Caracteristica comuna a
acestor masini 0 reprezinta miscarea de rotatie a
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movement of the machine, namily the combs scrape the
plants from bottom to top.[7] All models are equipped with
drum type collector, on which the combs are arrayed
equidistantly. The German models differ greatly
constructively, but each has 9 combs, whose position is
controlled by means of some rollers guided on a profile. To
the Hege model, each comb has cleaning brush and the
Linz model has a fixed cleaning brush. Both models have
the transport systems toward the bunker of the harvested
flowers arranged on the left side of the machine. The
Slovakian model has a collector of a simpler construction,
with 4 combs and fixed brush for their cleaning. To this
model, the flowers harvested are directed laterally on both
sides, from where are taken over by a pneumatic conveyor
to be carried in the bunker without being damaged.

Table 1 shows the comb characteristics for each of the
harvesting combines, as described previously [4].
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culegatorului in directia de deplasare a masinii, adica
pieptenii razuie plantele de jos in sus.[7] Toate modelele
sunt dotate cu culegator tip tambur, pe care pieptenii sunt
dispusi echidistant. Modele germane difera foarte mult
constructiv, dar fiecare are 9 piepteni, a caror pozitie este
controlata prin intermediul unor role ghidate pe un profil.
La modelul Hege, fiecare pieptene are perie de curatare,
modelul Linz are o perie fixa de curatare. Ambele modele
au sistemele de transport spre buncarul florilor recoltate,
dispuse pe laterala stanga a masinii. Modelul slovac are
un culegator de o constructie mai simpla, cu 4 piepteni si
perie fixa de curatare a acestora. La acest model, florile
recoltate sunt directionate lateral, pe ambele parti, de
unde sunt preluate de un transportor pneumatic, pentru a
fi duse in buncar, fara a fi vatamate.

In tabelul 1 sunt prezentate caracteristicile pieptenului
pentru fiecare din combinele de recoltat, descrise anterior [4].

Table 1/ Tabel 1

Combs characteristics of the harvesting combines /
Caracteristicile pieptenului pentru combinele de recoltat [4]

Characteristic of the comb/ Type of combine/ Tipul de combina

Caracteristica pieptenului KEM Lenz 111 Hege Slovark VZR-4
Tooth length / Lungimea dintelui [mm] 40 50 90
Tooth width / Latimea dintelui [mm] 8.0/8,0 7.0/7,0 8.0/8,0
Gap width / Latimea golului [mm] 3.0/3,0 3.5/3,5 6.0/6,0

The latest achievement in this field is an Italian prototype
made by PRISMA (Polo di Ricerca Innovazione
Sperimentazione Machine Agricole) in collaboration with
NGO's L'officina di Naldoni Giacometti presented at EIMA
2010 Prentice Hall.

The picker is of cylindrical type, having a movement from
top to bottom in the crop (in the opposite sense of the
machine advancing direction). It has a length of 2540 mm
and is equipped with 6 combs of 160 mm length. Their
position is oriented by means of some cranks guided by
an eccentric. After being picked up, the flowers are
evicted from the cylinder to a conveyor belt leading them
into the bunker. The machine is selfpropelled , having
hydrostatic transmission. In Figure 2. A is presented a
front view and bottom of the picker with combs. In Figure
2 B the picker is seen from behind and top, hilighting the
brushes for the combs cleaning [2].

Cea mai noua realizare din domeniu este un prototip
italian realizat de P.R.I.S.M.A (Polo di Ricerca Innovazione
Sperimentazione Machine Agricole) in colaborare cu ONG
L'officina di Naldoni e Giacometti, prezentata la Salonul de
Inventii EIMA 2010.

Cul e gt tte deutip ciliadsic, avand o mik c a r ¢

sus “n jos “n culturtkt (in
masini). Are o lungi me de 2540
piepteni de 160 mm | ungi me. Pozi S
orientatt prin inter meddewh
excentric. Dupt ce au fost
din cilindru catre o bandt
bunctbtr. Maki na este autop
hidrosCmtfchura 2. A este

faSt ki
culegatorul
periile pentru

d e ojuloiscu mepteniuih &gura 2 B
este vizut di-se
c[ll.r £t Sarea pi

Fig. 21 Schematic presentation of the picker of the Italian machine for chamomile harvesting /

Prezentare schematic £ a

The operational testing of the new harvesting machine
made in a chamomile crop with good agronomic
characteristics were more than satisfactory, compared to
the performance of other machines. Thus the machine
harvests the chamomile flowers from 1 ha in about 3 hours,

cul egttorul ui
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masi[@8ii italiene de

Testele de funcSionar e a
efectuate introc ul t ur £ da& bune cameeidtici
agronomice, au fost mai mult decat satisfacatoare,
comparativ cu performantele altor masini. Astfel masina

recolteaza florile de musetel de pe 1 ha in aproximativ 3

cul es
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the harvested material being collected in a proportion of 70%,
of first quality (the petiole length of capitulum <15mm) [2].

RESULTS AND CONCLUSIONS

Harvesting of medicinal and aromatic plants flowers
is the most difficult work within the culture technologies
for these species. Mechanization of this work is an
important factor for the reduction in the cost of raw
material and implicitly to increase its quality. The quality
of the harvested material reflects implicitly and the
quality of: variety, of tillage and of the harvesting
modality.

By amelioration is creating new varieties of high
productivity and with vegetative characteristics suitable for
mechanized harvesting, characterized by: development as
evenly of the plants, simultaneously blossoming -
conventionally established when more than half of the
inflorescences have flowers with developed ligules, the
distribution of the inflorescences at the floral upper floors.

Until the 90s, many European countries cultivated large
areas with medicinal and aromatic plants, producing
specialized equipment for their harvesting. After this date,
due to several circumstances, the production of these
machines has recorded a decline. The constructive
complexity of some of them generates a high cost price,
which is an impediment to the promotion and their
attainment at an industrial scale. In the last period there is
a revival of the domain, targeting the development of high
performance machines for harvesting of the inflorescences
at a low price.

Achieving of inflorescence harvesting equipment from
crops in strips, intended for for tractors with powers <30
HP, could be a solution for the relaunch of camomile
cultivation in Romania, where this plant currently occupies
insignificant surfaces.
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ore, materialul recoltat fiind in proportie de 70 %,de prima

calitate (lungimea pe$3 ol ul
REZULTATE SI CONCLUZzII

Recoltarea florilor pl ant el or medi ci
este lucrarea cea manologdar fle
culturt pentru aceste spec
reprezintt un factor import
cost al materiei pri me Ki

acesteia. Calitatea materialului recoltat reflecta implicit si
calitatea: soiului, a lucrarilor agrotehnice si a modalitatii de
recoltare.

Prin ameliorare se creeaza noi soiuri de mare
productivitate K i C U potavites
recoltarii mecanizate, caracterizate prin: dezvoltarea cat
mai uniforma a plantelor, inflorire simultana 7 st ab
convenSional cOnd mai mul &
au flori cu ligule dezvoltate, d i s tia inflores§entelor la
etajele florale superioare.

POnt " n anii 690, multe S
insemnat e cu plante medicinal
utilaje specializate pentru recoltarea acestora. Dupa

aceastt datt, datoritt mai
acestor utilaje a inregistrat un declin. Complexitatea
constructivkt a unozia uWn npre
ridicat, ceea ce reprezintt
realizarea | or la scart ir
constatt o relansare a dom
utilaje performante pentru recoltarea inflorescentelor, la un
pret scazut.

Realizarea de echipamente de recoltat inflorescente din
culturi in benzi, destinate tractoarelor cu puteri < 30 CP, ar
putea constitui o solutie pentru relansarea cultivarii
musetelului in Romania, unde aceasta planta ocupa in
acest moment suprafete neinsemnate.
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Abstract :

The paper presents the physical model of the process
of cutting and displacement of the vegetal mass within the
combine windrover. It is theoretically argued the
inclination angle of cutting disc depending on the degree
of bending of the cutted stalks.

Cuvinte-cheie: constructive parameters, cutting, physical
model, thick stalks, windrover

INTRODUCTION

The analysis of cutting equipment construction
regarding their use at harvesting of crops with thick stalks,
first of all of sweet sorghum, indicates that at the moment,
judging by the quality and productivity of cutting and by
the economic indicators, the best solution is the construction
with the vertical axis of rotation of the knives [1].

Elaboration of the windrover with the rotary working
bodies requires carrying out a theoretical study of the
process of cutting and displacement of vegetal mass,
taking into account the multitude of factors having influence
on this process (physico-mechanical properties of vegetal
mass; speeds to propel the tractor-machine aggregate,
rotation speeds of the cutting discs and of the driving and
displacement drums of vegetal mass; geometrical
parameters of working bodies of the windrover.)

MATERIAL AND METHOD
The physical model of the cutting and displacement
process of vegetal mass

The windrover cutting device is equipped with cutting
discs and with drums for driving and displacement of
vegetal mass .

Rezumat:
In lucrare este prezentat modelul fizic al procesului de

ttiere K i depl asare a ma !
combinei. Este argumentat teoretic unghiul de nclinare al
di scul ui de ttiere “n dep
tulpinilor tktiate.

Cuvinte-cheie: mo d e | fiziec, par ame
tulpini groase, vindrover

INTRODUCERE

Anali za construcg$Si ei ape
utilizarea lor la recoltarea culturilor cu tulpini groase, in
pri mul r nd a sorgul ui Zi
moment u | actual , judec  nd du
tkierii, dupt indicidi ecc
construcSia cu axa vertical

Elaborarea vindroverului cu organele de lucru rotative
necesitt efect ua retical procesuiui des

ttiere ki deplasare a mase
multitudinea factorilor ca
proces ( pr op-mecanicaddeimMasei végetald;

vitezele de propulsare a agregatului tractor-ma K i

viteze | e de r ot aSi e acidle tandburitoi
de antrenare Ki depl asar e
geometrici ai organelor de lucru ai vindroverului.)
MATERI AL kI METODI

Model ul fizic al procesul L
masei vegetale

Aparat ul de ttiere al vindr
de ttd erteamburi pentru ant

masei vegetale.

Fig. 117 The windrover of combine / Vindroverul combinei:
1 - frame / cadru; 2 - transmission shaft / arborele transmisiei; 31 drum / tambur; 4 - cutting disc/d i s c u |
divizori laterali; 6 - central divisor / divizor central; 7 - the acting mechanism of thedrum/me c ani s mu |

The circular speed of the knives placed on the periphery
of the disks must be enough for ensuring the cutting process
without support. The drums 3 (fig. 1, 2) provide the driving
and evacuation of stalks from the cutting zone, their
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reorientation from the vertical to horizontal position and
displacement towards the supplying rollers.

When the windrover approach the stalk, the disk 4 (fig.
1, 2), placed in the bottom of the drum, cut the stalk and
the teeth the bottom level of the drum grab the stalk
evacuating it from the row. For securely engaging of the
stalk in the evacuation process participate simultaneously
the teeth of the drum 3 placed at the bottom level, as well
at the upper levels. At this stage the stalk is positioned
between the teeth of the drum 3 and the rods 10 ( fig.1, 2).

In the evacuation process the stalks are driven by the
drum teeth and by the upper side of the cutting disc, with
which touches the base (the leg) of the stalk. At the
initially moment of contact with those organs the stalk is in
connection with the root, then after the full cutting T under
the action of the static inertial force. For this reason the
stalk sticks to the drum teeth surface (fig. 2 c).

Rotating jointly with the drum and having as support the
upper surface of the cutting disc, the stalk is subjected to
the influence of centrifugal forces which can remove it
from driving with the teeth, if at this moment the stalk is
not entered in contact with the inner surface of the guiding
rod. In the case the stalk exits from the driving of the
drum, it stops and in just a moment, due to the
translational motion of the windrover, it is again driven
between the teeth of the drum and the guiding rods which
impose the direction of movement of the stalk.

c)
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tktiere, reorientarea Il or
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Fig. 2. Stages of engaging and evacuation of stalks with the rotary working bodies /

Etapel e de

After entering into the reception room of the feeding
rollers, the stalk is reoriented from the vertical to the
horizontal position and concomitantly is removed from the
driving by the teeth of the drum by means of special
expulsion plates (fig. 2 d). Further the stalks are pushed
into the feeding mouth of the rollers.
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(fig. 2 d). Mai departe tulpinile sunt impinse in gura de
alimentare a ttvilugilor.
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Achieving a windrover with high operating efficiency
requires not only the creation of the physical model of the
working process, but also the process parameters
theoretical argumentation.

RESULTS
Theoretical argumentation of the parameters of
cutting body of stalks

From the physical model elaborated it appears that in
the windrover (reaper) with the rotary working bodies the

ISBING 1L TEH 2013
Real i zarea unui vindrove
funcSionare necesitt nu nu
procesul ui de l ucru, dar
parametrilor acestui proces.
REZULTATE
Argumentarea teoretict a pa
ttiere a tulpinilor
Di n model ul fiziec el abor
(secerttoarea) cu or ganelkgg

energy Equm it is consumed directly for the bending of este consumat t n eowviejed talgnilor Tn
stalks relative to the point of the root (E;), their cutting (Ey), raport cu pungy,ul t kritaertedEd
the stubble rubbing to the bottom (lower) of the rotary disk frecarea miri«ktidi de cttre
(E®), the displacement of cutted part of the stalk (Eq) and rotativ (Ey) , depl asarea ptr Sigik
the mechanical loss compensation Ep: compensarea pierderilor mecanice Em:

E.n=E & ¥ & K ()

In order to minimize the energy consumption, we shall Cn scopul minimizeridi co
analyze separately each member of equation (1). Energy analizainpartef i ecar e di n me r@bnsumul
consumption (E:;) for cutting of stalks depends on the de energie (E) pentru ttideerpeiandteul
cutting force of a stalk F;. According to [2, 3], the force F; is ttierii Fun€éontaot mi fde 3t
determined from the empirical formula: din formula empirict:

F=a +> @
V
where a,b,c are the empirical coefficients depending on unde ab,c sunt coeficienSii e
the physical-mechanical properties of the stalk and the propri et tnfRiclaeni Lieziadoe tul pi
knife geometry ; V1 the cutting speed, m/s. cuSi Viivuteza de ttiere, m/:

As demonstrate the formula (2) and the results from Dupt cum demonstreazt fo
research [4,5,6], the efficiency of plants cutting depends cercettrilor [4,5,6], efi
largely on the speed of knife. In the elaboration process of plantelordepi nde “~n marveia emtas.u
the machines with the rotary working bodies in order to procesul de el aborare a me
obtain the cutting without support of the plant stalks rotative pentru obS$Sinerea
cutting \/treall to exceed the minimum value of the speed plantelor este important ce

il . . . Vtrea'sL depickeaval oar ea mi\/fgminn
\/t which depends on the physical-mechanical ,
properties of the plant§. Accordirlg to [2], the minimum (p:) |a ; ﬁ t e(lj %? I. : (3:% nf doer m p[nezu]alpjael‘_glg
cutting speed of a stalk is equal to: aunei tul pini este egalt ct

V™ =pPa/(g6G) | ®)
where g is the acceleration of free fall (g = 9,81 m/s?); undegest e accelerarea de ct
g is the specific weight, Nim?® ; g=r @ (r, idensity of geste greutatea sg= ,ctiC"[lj i(e L
the material of the stalk, kg/m3); G i the sliding module, densitatea materialului tulpinii, kg/m3); G T modulul de
kPa; P i the limit stress in stalk, kPa. alunecare, kPa; Pit ensi unea | i mitt

Professor Gutiar E.M. developed the physical cutting Profesorul Gutiar E.M. a dezvoltat modelul fizic de
model of stalks and supposed that bending deformation of ttiere a tul pinilor K i a
the stalk is moving from the place of cutting with the "ncovoiere a tulpinii se d
speed of sound, having the shape of a sinusoid. Based on viteza sunetului, avand forma unei sinusoide. In baza
the assumption mentioned the minimum allowable value i potezei menSionate valoar
of the cutting speed without support of a stalk is de ttiere fiLrt reazem a ur
calculated following the formula: formula:

mn __
V""" = K,/ g /(E), 4)
whereKiest e tensiunea de rupe undeKiest e tensiunea de ruper
E is the modulus of elasticity, kPa. E este modul de elasticitate, kPa.

The researches [1,2,7] demonstrate that for cutting Cercettrile [1,2,7] demor
without support of corn stalks, sweet sorghum the minimum ftrt reazem a tulpinilor C
speed of the knives it is necessary to overcome 30 m/ s. mini mt aesu®i nekesar st de

The energetic parameters of the cutting process Parametrii energetici ai
(cutting force, energy consumption) are influenced by the tktiere, consumul de ener g
size of the stalk bending under the action of the knife. In mtri mea "~ ncosabenriciSitumlepi
this case, the increase of bending of the stalk increases caz maj or ar ea “ncovoier
the duration of the knife contact with the stalk and the contactul ui cuSitul ui cu
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cross sectional area of the cut, becoming from
perpendicular to the axis of the stalk (when bending is
missing, 1=0) tilted (i>0). Therefore, the bending of the
stalk increases the energy consumption and worsens the
quality of of the cut (fig. 3) increasing the specific amount
of broken and cloven cuts. The bending degree of the
stalk can be appreciated based on multiple criteria:

- The tilt angle of the cross section of the cut

relative to the axis of the stalk;
- Specific amount of broken and cloven cuts;
- The ratio between the stubble height Hn and the

height of cut ht (r. :h) (fig. 3.)
h

It is obvious that the optimal variant is achieved when
the bending of the stalk is minimal (i Y 0, Y 1). The
stalks bending minimization is favored by the increase of

the cutting speed Vt As demonstrates the results of

researches [2], increasing the speed Vt from 3...17 m/s

(depending on the physico-mechanical properties of the
cutted crops) up to 13..43 m/s reduces the bending

coefficient I'- from 1,2...1,5 up to 1. The minimum value

of the -cutting speed, at which the coefficient is
approaching to 1, provides cutting of the stalk with the
minimal bending (1 Y 0).
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ttieturii,
(cobhd

r sversale a
12 e axa tulpinii

" >0) . Prin ur mar e, “nco\v
onsumul de engsewie «al i"tna-
3) sporind cantitatea spe
despicate. Gradul de Tncovoiere a tulpinii se poate
aprecia in baza mai multor criterii:

an
tr

OoO—~N0O —

- Unghi ul de “nclinare a
ttieturii " npiniiaport cu

- Cantitatea specifict a

- Raportul dintremkntl B8t

ttifm(re= h) (fig. 3.)
h,

Este evident ct varianta
"ncovoierea tul piniYi 0, er¥tl g
Mi ni mi zar ea "ncovoieridi t
maj orar ea vit\é.zeDupﬂle ¢thned

rezultatele cercettri Vpdeld

3...17 m/'s (~ n f unc $neanice ae
culturilor ttiate) pO©nt | a
incovoiere "'de 1l a 1,2...1,5 pont
a vitezei de tti erleseapraprieda
1, asigurt tti erode rtewal WiOmiii

| P
o
© *',( _.______,_.--JT" 1'II-I',:,I._:I-I YWeam
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.Jk ¥

™,
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Fig. 3. The scheme of forming of the stalk bending under the action of the cutting disc /

Schema de

Based on prior research with sweet sorghum stalks it
was established that changing the cutting speed in the

limit 10 ... 30 m/s (h =150mm; O = 2 0&=2 5 ¢i3ds the
result of restricting the bending coefficient from 1.12 to 1.0
min
(V.7 =16 m/s).
To calculate the duration of contact with plant stalk
must know the value of bending (7) based on the values of

cutting heights ht and of the stuble Hn. From the analysis
of scheme in (Fig. 3) results:

The duration of contact with stalk, that practically
equivalent to the duration of the cutting of this stalk can be
calculated using the following formula:

where d; is the diameter of the stalk, m; V., is the the

speed of translation of the aggregate, m/s.

formare
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a ‘“ncovoierii tulpinii sub
Cn baza wunor cercettbri p
zaharat s-a stabil it ct schi mb:
limita 10...30 m/s (h =150mm; b =2 0&325¢) ar
consecinSt reducerea coefi
min

1,12 ponY, 1=d6ms).0 (

Pentru calcularea duratei
plantei trebuie st cunoacxkt
baza valorilor '|’r}+.1<|i$iarﬂie| om

Din analiza schemei din (fig. 3) reiese:

(5)

contactul ui cusSiteu
eriu acedtei rtudpinia se tpdate

Dur at a
echivaleazt

calcula dupt urmbtoarea f ol
(i+d)

= (6)
Vcom

unde d; este diametrul tulpinii, m; Vcom i viteza de

transl aSie a agregatul ui, n

acSiunea
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As mentioned, when the rotary knife get to touch the
stalks because of the resistance to cutting occurs the stalk
bending (fig. 3), whose size depends on the physical and
mechanical properties of the stalk, the cutting height, the
rotary knife parameters (firstly the speed of translation
V... and rotation w; the cutting edge thickness, the facet
location). Since the morphological structure of the stalks in
cross section is not uniform (consists of tegument and
marrow), in the cutting process of a stalk the resistance
varies, respectively changes and the degree of bending.
In the mentioned conditions, to reduce the energy
consumption Es it is necessary to bend the flat surface of
the rotary disk relative to the translation speed vector Vcom
, enabling the exclusion of the contact of stubble tip with
the bottom surface of the disc-knife. This requires that the
angle of inclination a of the disk (fig. 3) to be not smaller
than:

tga 2

Taking into account the formula (5), we obtain

From geometrical parameters of the knife, a great
influence on the cutting force (F:) and respectively on the
energy consumption (E;) have thickness of the edge and
the placement of the knife sharpening facet. The increase
in thickness of the edge from 0.025 ... 0.030 mm to 0.10 ...
0.12 mm increases the cutting force on average by 12 ...
18%. Better cutting conditions are provided in the case of
placing the facet at the bottom of the knife [2].

CONCLUSIONS

1. For cutting of plants with thick stems (sweet sorghum,
maize, sunflower, etc.) are efficient devices with vertical
axis of rotation of the working bodies. These devices
having the respective construction can perform the cutting
with and without support of the stalks. The physical model
of the process of cutting, driving, displacement of the
vegetal mass with the rotary working bodies reflects the
dynamic interaction and enables the performance of theoretical
argumentation of the constructive and kinematic parameters
of the windrover. From the physical model appears that
inside the windrover the energy is consumed for the
bending and cutting of stalks, the friction of stubblefield
from the lower part of the rotary disk, the displacement of
stalks and the mechanical loss compensation.

2. The energy consumption for cutting and bending of stalks
depend heavily on the cutting speed Vi. The minimum
admissible speed V: is determined by the physico-
mechanical characteristics of the plants (the specific
weight and of sliding, the limit stress in the stalk, breaking
strain by cutting, modules of elasticity and sliding).

3. The cutting force F; also influences on the energy
consumption and depends in its turn on physico-
mechanical properties of the plants, the cutting speed V;,
as well of the knife geometry. Are proposed for practical
use criteria of appreciation of bending of stalks (the angle
of inclination of the cross section of the cutting, the
specific number of broken and cloven cuttings, ratio of the
stubblefield height Hy, and the cutting height hy).

(Hy- h)
i
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Dupt cammenSi onat, Il a atir

tul pini, din cauza rezi st
"ncovoierea tulopinii (fig.

propr i et kr@datice alef tulgnii,cimt | Si me ¢

parametri.i cuSitul ui rotati
Vm Ki de wodra®siemea muchi
ampl asar ea faSetei). Deoar
tulpinilor “n secSiune testa
constituittkt din tegument «k
unei tul pini rezistenSa ve
gradul de “ncovoiere. Cn

reduce consumul de energie Ere st e necesar

supr af a$Sa dispuluiarotdtiv in raport cu vectorul
vitezei d e/eomt, rceea sd peniteeexcluderea
contactul ui v rful ui mi ri ki
disc. Pentru aceasta este necesar ca unghiul de inclinare a

aldiscului( fi g. 3) mitdenu fi e mai
.. H_ -

, Y a2 arctg——— h‘, ™

§in"nd cont de formula (5

®)

Din parametrii due o imfleién® i anis
asupra for $Fgki deespheetev a
de energie (E) o au grosi mea much
faSetei de ascuSire a cuSi
de | a 0,025...0,030 mm pOn
forSatidere “"n medie cu 12.
pentru tktiere sunt asiguria
partea de jos a cuSitului [
CONCLUZII
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procesul ui de ttiere, ant
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|l or “'n di nami ct K i per mi
teoretice a parametrilor
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energia este consumatt pel
tulpinilor, f r ecarea miri ktii de |
rotativ, depl asarea tul pin
mecanice.

2. Consumul energiei pentru

depinde preponder enYaloatea mwin
admi si bi |l Vi eastwi tdeezteedr mi nat |
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prin ttiere, moduluri de el
3. For Sa deidtet iassreemelm e a i suprd
consumul ui de energie K i
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Vi, precum Ki de geometri a
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Abstract: The quality of the device for the harvesting of
mercantile maize is being reflected by the amount of the
losses, quality of the collected mass and height of cutting
height. Modern solutions devices that are used to provide
high-quality harvest are in a variety of conditions, while
achieved losses and damage to the kernels do not exceed
the tolerance value. This paper presents the results of
exploitation of the working quality of two types the self-
propelled machines for harvesting of mercantile maize on
the maize ear, in agro ecological conditions of central
Serbia (Sumadian district). The aim of this study was to
determine the quality of work, productivity and fuel
efficiency. Tests were conducted in two phases. In the first
phase were treated conditions, while in the second phase
of work fixed effects depending on the defined
parameters. In the harvested maize ear of first combine, it
was 91.06-94.82 % intact - whole maize ears, and 5.18-
8.94 % damaged pistons, and the content of unharvested
pistons was 8.69-10.25 %. Kernel losses were varied in
the range of 0.87-2.96 %. In the second type of combine it
was 89.48-93.48 % of whole intact pistons and 6.52 to
10.52 % damaged pistons , and content unhusked pistons
was 9.63-11.43 % . Kernel losses were varied in the range
of 1.44 to 3.25 % . Speed has significantly increased the
amount of cutting height , so it was in the range from
18.95 up to 32.74 cm. Labor productivity ranged from
1.17-1.65 ha h* , with a fuel consumption of the 15.17 L
ha ‘upto19.42 L ha™.

Keywords: self-propelled combine, maize, quality, losses.

INTRODUCTION

The process of maize harvesting is being done at the
stage of technological maturity, or in the stage of transition
from waxy to full maturity . In cases where the conditions
for kernels drying, harvesting is being done when kernel
moisture is 35% , while in cases where there is no
additional grain drying harvesting is being done in the
stage of full maturity. In the Republic of Serbia during the
2011"™ maize have been planted on a total of 1,262,000
hectares and harvested from 1,258,437 hectares. The
realized yield was 5.1 t ha™ ( Statistical Yearbook of
Serbia , 2012) . Most of the harvested maize is being used
as animal feed, despite the fact that maize can be used for
large number of products. These are primarily food
products (for infants, corn flakes, food thickening agents,
bread improvers, special breads, soups, paste, spices,
gum, starch, sugar), medical products, pharmaceuticals
and cosmetics , beverages spit (alcohol, malic, citric acid
and royal jelly) , textile products (artificial fiber), chemical
products (paints, polishes , asbestos, nitrocellulose, paper
and plastics), and to obtain bio-ethanol. In terms of central
Serbia to harvest corn using different types of collectors
and self-propelled combine harvesters, where dominating
used harvesters and pickers imported from the EU, while
in the less represented new pickers and harvesters, of the
devices that are installed on pickers and combines for
harvesting of commercial maize harvest quality required in
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Rezime: Kvalitet rada urelaj
merkantiinog kukuruza ogleda se sa aspekta visine
ostvarenih gubitaka, kvaliteta ubrane mase i visine reza
sel ke. Sarvergeenmejnaa ur e L ajtebalkda
obezbede kvalitetno ubi r arn
| emu ostvareni gubi ci i
tolerantne vrednosti. U radu su i zI|l ogeni
eksploatacionih ispitivanja  kvaliteta rada dva tipa
samohodnih kombajna za ubiranje merkantilnog kukuruza
u klipu, u agroekol ogki m @ sSrbie\
(Gumadijski okrug). Cilij i
kvalitet rada, produktivn
Ispitivanja su obavljena dvofazno. U prvoj fazi su
utvrLlLivani usl ovi rada, do
rada u zavisnosti od definisanih parametara. U ubranoj
masi klipa kukuruza prvog kombajna bilo je 91,06-94,82%
neogt e-celimzadravih klipovai5,18-8, 94 % o0 g
klipova, dok je neokor0dZpadmn
Gubici zrna su varirali u rasponu od 0,87-2,96%. Kod
drugog tipa kombajna bilo je 89,48-93,48% celih
neogtelenih #Dipa@waoipgt 6| &4
j e sadr gaj neokomuga n i-11,43%.I
Gubici zrna su varirali u rasponu od 0,87-3,25%. Brzina
kretanja znal ajno | e visimd fezai
sel ke, tako da je ona bile
32,74 cm. Produktivnost rada kretala se u rasponu od
1,17-1,65 ha h™, uz potrognju g'lq)a do»
18,91 L ha™.

K1 j ul n eamohedniikombajn,kukuruz, kvalitet, gubici.

UvoD

Proces wubiranja kukuruza
zrel osti, odnosno u fazi p
U slul aj evi ma kada postoj
ubiranje se obavlja kada |j

se U slulajevimajghada] aecmd
u fazi pune zrelosti. U Republici Srbiji u 2011. godini
kukuruz je zasejan na 1.262.000 ha, ubran sa 1.258.437
ha, uz ostvaren prinos od 51tha’( Statisti/l
Srbije, 2012.). Naj vel i deo wubr anoago
stolna hrana i pored |inje
dobiti veliki broj proizvoda. To su pre svega prehrambeni

proi zvodi (za odojl ad, k u k
uguglivanje hrane, za popr
supe, pagtete, gzvaalkiamij,e, g usn
l ekar ski proizvodi, far mac
razniji napi ci (al kohol, ja
tekstilni proi zvodi (vegt a

(boje, politure, azbesti, nitroceluloza, hartije i plast i |

mase), kao i za dobijanje bioetanola. U uslovima
centralne Srbije za wubiran
tipovi beral a i samohodn
dominiraju korigleni komba
EU, dok su u manjoj meri zastupljeni no v i be
kombajni Od wurelaja koji

kombajnima za berbu merkantilnog kukuruza se zahteva
kvalitetna berba u razlil:@i
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different circumstances, and that when this does not
exceed the tolerant value of loss and damage to the grain.
In addition, the capacity of individual harvesting section
affects the productivity of the combines. Technical
solutions for harvesting mercantile maize stalks machine
including a cutting highs as an integral part of the device.
Its function is to supply logs to stem plots ready for the
next agro technical measures and cultivation. Maize
harvest problems are being addressed by several
reasons. Furman et al.(2001) report that the losses of
ma i ze grain during harvest
5.62 km h™ amounted to 1.13% , with the husking of 5.0%
pistons. The quality corn harvesting combines implies
good quality of the collected mass and assuming that the
allowable losses do not exceed 1.5% said Pintara (2000)
There has been the flow of pistons from 45 t h™* with
overall losses within the tolerant limits with a purity of
99.5 % yield, with a minimum share of breakage kernels to
3%. Self-propelled harvesters and pickers combines being
used for harvest maize pistons, despite the high technical
reliability required to meet the conditions of high energy
and capacitive harmony, comfort in operation and
maintenance, high quality harvest, husking and cleaning
citation Mal inovil et al
harvesting sections of corn snapper " BERKO 041 " were
within allowed limits and varied in the range of 2.3-3.54% ,
depending on the mode ( Mal i novi | et a
of entire pistons ranged from 97.3-97.5%, 0.9-1.5%
broken and 12-15% unhusked. Examining the various
devices for harvesting the
al. (2003) reported that the height of cuts in devices of the
"A"-type, varied in the range of 18.5-23.9 cm , with the
device of type "B" in the range of 18-23 cm, and in
devices of the "C"-type 23.4-47.3 cm.Speed is not
significantly increased the height adjustment device type
"A" and "B" , while at the type "C" has had a significant
impact. The same authors report that overall losses were
within the limits of 1% for devices A and B , while in unit C
in certain conditions, and high speed (10 km h™)
amounted to 1.5-2 %. In terms of harvesting of maize fuel
consumption Claaas Lexion 450 combine was 14 04 Lha™
and 58.97 L h™, for a performance of 4.2 ha h™ and the
averagespeedofSOkmhl (Djevil et
speed of 2 m s it has been achieved throughput of 1 9 kg
S cllp on husker while with the speed of 1.53 m s ! flow
was 2.18 kg s, Loss of free kernels varied in the range of
0.75 - 4.02 %, while the total 25 -4.9 % citat
al. (2009). Significant changes in the production of corn
were allowed with introduction of powerful tractors, hybrid
seed production and the development of high quality and
sustainable maize pickers (Bogue, 2009). In order to
create conditions for a more stable, better and cheaper
production of crops it is outdated machinery to replace the
new one. Quality of maize in the bunker was very good
with over 95% of the undamaged and 9.40-15% unhusked
pistons. Losses can be considered satisfactory because
they are within the tolerance values (0.54-1.79%). The
process of corn picking involves losses that cannot be
reduced to zero percent, but with the proper choice of the
relevant parameters could be controlled at an acceptable
level, according to Mostofi (2011). The investigations were
performed with three moisture content and to 19, 23 and
27%, with speeds of 0.8, 1.2 and 1.6 m s™. The same
author states that the losses were varied in the range
2.34-2.65%. Examining the pickers to harvest commercial
mai ze on t he pi stons in 1
(2012), stated that the entire contents of the undamaged
sample and in the range from 88 23% (picker type A, the
operating speed of 7.21 km h ) to 97. 15% picker type B
(standard operating speed of 4.10 km h" ) Contents of
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prekoral uju tolerantne Vroe
zrna. Pored toga, kapac i t et pojedinih
util e na produktivnodthkol
regenja wurelaja za berbu
ukl juluju i sel ku stabl ji
Njena funkcija je sitnjenje mase stabljike kako bi parcela

bila spremna za sl edelwu agro
obradu zeml jigta. Probl en
se vige istragival a. Fur ma
gubi ci Zzrna kukuruza u toki

brzini kretanja od 5,62 km h™ iznosili 1,13%, uz krunjenje
klipa od 5,0%. Kvalitetno ubiranje kukuruza kombajnom
podrazumeva dobar kvalitet ubrane mase uz
predpostavku da dozvoljeni gubici ne prelaze 1,5%,

navodi Plntara (2000.). Pri ostvarenom protoku Kklipova
od 45 t h™ ukupni gubici su bili u tolerantnim granicama
sa |istolom zrna od 99, 5%
zrnado 3%. Samohodni k ombaj ni i
zZ a ber bu klipa kukuruza,
pouzdanosti, treba da ispune i uslove visoke energetske i
kapacitvne har moni | nost i , k omf o
odrgavanju, visok kvalitet
navode Malinovil i sar. (2
samohodnog beral a k uk u bilia

granicama dozvoljenih vrednosti i varirali su u rasponu od

233, 54 %, u zavi snost Maloidno
sar.,2003.). Sadr gaj celih klipe
97,5%, polomljenih 0,9-1 , 5 %, a neok-d5%w
Il'spitujuldi razlilite urela

kukuruza, Ma | (20089 wavdde da jesvisina.

reza sel ke kod wurelaja tirg
18523, 9 c¢cm, kod urelaja t-23;
cm, a kod ur el aj a-4713icm.aBrzitad

kretanj a
kodur el aj a

nije znalajnije u
60A006 i 0606BO6G6, do

uticaj. Isti autori navode da su ukupni gubici zrna bili u
granicama do 1% kod urela
C u odrelenim uslovima i®
iznosili 1,5-2%. U uslovima ubi r anj a kukur

gorlva kombajna Claaas LeX|on 450 iznosila je 14, 04 L

ha™ odnosno 58,97 L h™ pri ul i nku i
prosel| noj brzinl ?enemjh
2004.). Pr i br2|ni beralaoskvarquer
protokod19kgs inpa na komugalj

kretanja od 1,53 m s*t protok bio 2,18 kg s™. Gubici
slobodnog zrna varirali su u rasponu od 0,75- 402%, a

ukupni 2,5-4 , 9 %, navode Megi i <
snagnih traktora, rdar zgvi ovji ehm
uvolenjem hi bridnog semert

omogul ene znal aj ne promene
(Bogue, 2009). U ci |l ju stvaranja u
i jeftiniju proizvodnju ratarskih kultura neophodno je
zastarelu mehanizaciju za ubiranje zameniti novom.
Kvalitet klipa kukuruza u bunkeru je vrlo dobar ako je
preko 95 %enih ead@®t4@1l 5 % neokc
klipova. Gu b i ci se mogu smatr ako
se nalaze u tolerantnim vrednostima (0.54-1.79%).
Proces ubiranja kukuruza ukl jul uj e g
mogu svesti na nula procenata, ali sa pravilnim izborom
relevantni h parametara pos
kontrolisati na prihvatljivom nivou, navodi Mostofi (2011).
Il spitivanja kombajna za ubi
tri sadrgaja vlage 19, 23
1,6 m s™. Isti autor navodi da su gubici varirali u rasponu
od 2,34-265%. | spitujuli ber al
merkantilnog kukuruza u

Bar al i sar . (201X)adr gajv
neogtelenog klipa bio u gr.
Aradnabrzmaod?Zlkmh) pa do 97,

B (standard, radna brzina 4,10 km h ) Sadr gaj
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damaged maize pistons varied in the range from 2.85%
(picker type B standard variant), to 11.77% in control
variant (picker type A), according to the same authors.

MATERIAL AND METHOD

In a production conditions parcels of private
landowners in the 2011"™ environmental conditions in
central Serbia (Sumadian county, 44 ° 04' 60" N, 20 ° 52
60" E) were tested two types of self-propelled machines
for harvesting of mercantile maize pistons . The effects of
a self-propelled combine ZMAJ 240 (labeled A as
harvester ) and Burgoine MD8 ( labeled as Harvester B) ,
depending on the defined parameters.

Method was depended on the research objectives and
methodology of a customized standard tests, maize,
supplemented with the required grades. Tests were
conducted in two phases. In the first phase were carried
working conditions and account is taken of consistency
and uniformity assembly plant and piston height, and the
presence of weeds. Surfaces to which were tested were
mainly flat, but we also were corn hybrids ZP 600 and NS
640 in the second phase. The effects of self-propelled
machines for harvesting of commercial maize pistons,
depended on the defined parameters. Determined by the
quality of the harvested pistons, kernel losses, the extent
of damage and shelling beans, and cutting height. The
quality of the piston in the bunker liners included the
degree of cleaning and husking, total grain losses, the
extent of shelling cob and grain damage. The cutting
height was determined by measuring the plant chips after
passing the combine. In addition, it has been applied
specific fuel consumption volume method and the effect of
pickers by chronometry.

During the first operation combines ZMAJ 240
(combine type A) , the mode of working speed of 8.14 and
8.40 km h™* chopping gap between the plates was 50 mm
at the entrance and 10 mm at the outlet . In the control
treatment (Settings owners combine) the operating speed
of the combine was 8.73 km h™, with the gap between
chopping plates of 60 mm to 18 mm entrance and exit.

At the combine Burgoine MD8 (type B), the corrected
version (standard) gap between chopping plate was 125
mm at the entrance, and 16 mm at the exit , and working
speed was 8.21 and 8.40 km h™, while the operating
speed of the control treatment (Settings owners combine )
was 8.86 km h™ to the gap between chopping plates 135
mm inlet and 23 mm at the outlet. Settings self-propelled
combines for harvesting maize on the were made to the
technical manual, in accordance with the terms of the
plots.

During the trials, combines, standard variant was the
correction settings in relation to the settings performed
owners of self-propelled combine harvester (gear
selection and spacing of chopping plates), which was
the control variant. Both types of machines for
harvesting mercantile maize on the cob worked in
similar conditions. In studies were used vessels,
stopwatch, sample bags, flagpole and more.

The applied methodology was standard for field-
laboratory and exploitation tests and concern the testing of
equipment for corn picking and harvesters (ISO 8210).
The results are analyzed and presented in tabular form.

Table 1 shows the technical data of the examined
combines.
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klipova kukuruza varirao |
tipa B, standardna varijanta), pa do 11,77% u kontolnoj
varijanti (beral tipa A), 1

MATERIJAL | METOD

U prozvodnim uslovima na parcelama privatnih
zemljoposednika u toku 2011. uagr oekol ogk
centralne Srbije (Guma ®i5266"
E)i zvr dena i s pi gamohednij kembdjnaaa
ubiranje merkantilnog kukuruza u klipu. Ispitivani su efekti
rada samohodnog kombajna ZMAJ 240 (oznal e
kombajn A) i Burgoin MD-8 ( oznal en k aB),u
zavisnosti od definisanih parametara.

Met od ispitivanja proi zact¢
predstavlja prilagolenu st
beral a kukuruza, dopunj er
Ispitivanja su obavljena dvofazno. U prvoj fazi su
utvrlivani wslemwi uynea dea,lujpe:t
skl opa i ujednal enost i, kdmii
prisustvu korovskih bilja
izvrgena i spitivanj a agastupleni
su bili hibridi kukurza ZP 600 i NS 640. U drugoj fazi su
ut vr L ekt iradaesdmohodnih kombajna za ubiranje
merkantilnog kukuruza u klipu, u zavisnosti od definisanih

parametar a. Utvrlen je kval
stepen krunjenja i ogtele
Kvalitet klipa u obubvatio Kee stapen
i gi enj a i, ukupneugghitke zana, stepen
krunjenja klipa i ogtelenyisi zana e
utvrlivana je merenjem odr.
kombajna. Pored toga, odr el ena j e po
zapreminskom metodom kao i ostvareni ulinak

kombajna hronometrijskom metodom.
U toku rada prvog kombajna ZMAJ 240 (kombajn tip A),
radni h 1bkmzhi' nzazor

pri regi mu

i zmelu ot ki dal ki h primo ra aulazu,
odnosno 10 mm na izlazu. U kontrolnoj varijanti
(podegavanj a viasni ka k o ml
kombajna je bila 867 kmh*, uz zazor i zme

pl o| a momdha @a2ui 18 mm naizlazu).

Kod kombajna Burgoin MD8 (tip B), u korigovanoj
varijanti (standard), Z a jec
iznosio 125 mm na ulazu, odnodno 16 mm na izlazu, a
radne brzine iznosile 8,21 i 8,50 km h™, dok je radna
brzina u kontrol noj vari
kombajna) iznosila 8,82 km h‘uz zazor i zme
pl ol a 0 dnm h& Blazu i 23 mm na izlazu.
Podegavanja samohodni h koml
klipu su izvrgena prema te
uslovima na parcelama.

U toku ispitivanja kombajna, standardna varijanta je predstavijala
korekcije podegavanj a wWkojaosd
obavljali vlasnici samohodnih kombajna (izbor stepena
prenosa i razmak i zmelu
predstavljalo kontrolnu varijantu Oba tipa kombajna za
ubiranje klipa merkantilnog kukuruza u klipu su radila u
slilnim Wsliectirma.isankiori gl
gtoperica, viele za uzorke,

Primenjena metodika je standardna za poljsko-
laboratorijska i eksploataciona ispitivanja, a obuvata
i spitivanja beral a kukuru:
Dobijeni r ez ul trilkazanitalselarnoo b r a l

U tabeli 1 prikazani su
kombajna.
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Table 1/ Tabela 1

Technical data examined combines/Te hni | ki podaci i spitivanih
Type of self-propelled maize combine
. harvesters /v i pmaha@dnog kombajna za
Parameters / Parametri N
ubiranje kuruza
ZMAJ 240 [A] Burgoin MD8 [B]

Number of rows / Broj redova 4 2
Length/ Dugi na [m] 6.5/6,5 7.10/7,10
Width/ Girina [m] 3.5/3,60 2.45/2,45
Mass/ Tegina [kg] 7000 3945
Hopper volume / Zapremina bunkera [1] 6800 3300
Discharge height/ Vi si na pragnjenja [mm] 25/25 3.29/3,29
Required power / Snaga motora [KwW] 105 58.9 /58,9
Type of engines / Tip motora - TS-46 IMR FIATD4
Working speed / Brzina kretanja [kmh] 0-18 0-25
Emptying bunkers / Kipovanje bunkera - Hydraulic Hydraulic
Husking section (number of rollers) /Ko mu g a | k a(brg wllel@)i j a - 16 12
Speed emptying bunkers / Brzi n a njenjeabgnkera [min] 1 2

] ) | Atthe entrance /Na ulazu [mm] 50; 60 125;135
Distance of shearpanels / Razmak otk i d ap Ik @ | At the exite / Na izlazu [mm] 1018 16: 23

RESULTS REZULTATI

In table 2, there are presented the basic data on the
maize on plots on which they were tested. The results
presented in table 2 indicate that combines worked in
similar production conditions.

Average grain yield was in the range of 5382 - 5440 kg
ha™, while the average setting heights of maize pistons
ranged from 2.18 to 2.36 m.

The average height set on the piston stem ranged from
1.29 to 1.34 m. In both studied combines recorded the
presence of weeds average height of 1.15 and 1.32 m, at a
rate of 0.5-2.3 kg m?.

U tabeli broj 2 prikazani su osnovni podaci o stanju
useva kukuruza na parcel a
i spitivanja. Rezul t at iju da ad
kombajni radi | u slilnim

Pr osel an pjeibio o mtenalu nda5382-5440
kgha®, dok se proselna visin
rasponu od 2,18 - 2,36 m. Proselna vis
klipova na stabljici se kretala u rasponu od 1,29 - 1,34 m.
Kod oba i spitivana Keopnsustjo
korova pr osk] adeosne L,32imnwe Kol
od 0,5-2,3 kg m™.

Table 2/ Tabela 2

Characteristics of the tested crop plots / Karakteristike useva na ispitivanim parcelama

. Type of combine / Tip kombajna
Parameters / Parametri ZMAJ 240 [A] |Burgoin MDS [B]
vield Biological yield_/ Bi 0 | o g K i prinos kg ha'i] 14214 14189
Prinos Ear yield of maize / Prinos klipa kukuruza kg ha'l] 7120 6934
Grain yield / Prinos zrna [kg ha™] 5382 5440
Number of plants / Broj biljaka [p_If’:mt ha:::Ll/ 56689 51203
biljaka ha']
The average plant height/ Pr osel na visina stabl [m] 2.18 /2,18 2.36 /2,36
" The average height setonear/Pr osel na vi sina nas [m] 1.29/1,29 1.34/1,34
2 g The average di;tance between pIants/F_’ roselni razmak [cm] 25.2/25,2 28.9/28,9
S o The _‘c_lverage_thu_:kness of stem at a height of 30cm /Pr os el na [cm] 253/253 27.1/27.1
5 > |stabljike na visini od 30 cm
8 g The average thi_ckness of the stalk below the ear / Pr os el na [cm] 21.9/21.9 24.2124,2
70 stabljike ispod Kklipa
G E, Moisture corngrain/VIl1 agnost zrna [%] 24.50/ 24,50 23.62 /23,62
g < (1000 grain weight / Masa 1000 zrna [g] 457 459
5 & |The average lengthofaclip/Pr os el na dugina kli [cm] 2741274 28.3/28,3
6 X The amount of weed plants/Kol i | ina korovskih bl [kgm? | 05-1.6/05-16 [0.6-2.3/06-2,3
Average height of weeds /Pr osel na visina korov [m] 1.15/1,15 1.32/1,32

Table 3 presents data on the quality of the tested self-
propelled picker for mercantile maize pistons, depending
on the changes defined parameters. Based on the results
shown in table 3 it can be seen that the change in the
relevant parameters had significant effect on the quality of

the tested liners.

Based on the results shown in table 3, it can be noted
that the interaction of regime change in operating speeds
between interspace between the chopping plates at the
entrance and the exit shown the impact on the quality of
the tested self-propelled machines for harvesting of
commercial maize pistons.

U tabeli 3 prikazani su podaci o kvalitetu rada ispitivanih
samohodni h berala merkanti
zavisnosti od promene definisanih parametara. Na osnovu
rezultata prikazanih u tabeli 3, moge se uoliti da je
promena relevantnih parametara ispoljila znal ajan uticaj
na kvalitet rada ispitivanih beral a.

Na osnovu rezultata koji
se da je interakcija pr onoer
i zmelu littkkipladl a na wul azu i

ispoljila uticaj na kvalitet rada ispitivanih samohodnih
kombajna za ubiranje merkantilnog kukuruza u Klipu.
Naj vel. sadrgaj neeggogl enc
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The highest content of all healthy intact maize was
recorded at the combine A (ZMAJ 240) at operating speed
of 8.12 km h™ and was 94.82% in the standard version,
and the lowest in combine B (Burgoine MD8 ) 89.48 %,

1SB-INIETEH 2013

kukuruza z ab e | e g e rkompagna A @MAJ 240) pri
radnoj brzini od 8,12 km h™ i iznosio je 94,82% u
standardnoj varijanti, a najmanji kod kombajna B
(Burgoin MD8) 89,48%, pri 8,82 km ht u kontrolnoj

and 8.82 km h™ in the control plots.

varijanti.

The quality of a clip in hopper / Kvalitet klipa u bunkeru

Table 3/ Tabela 3

. Working Quality of the husking / Nonhusking | Loss of the | Coronation
Type Distance of shear Speed / Kvalitet kon clipsofthe grains / clips/
of combines / panels / o : ; -
) . Radna [%] maize / Gubitak Krunjenje
korr;rliF;jna Razmal; (I)tko II (;a ! brzina} Husking / Damaged / Ne ok omud zrna klipa
’ [km h™] Ok o mu g Ogtele klipovi [%] [%] [%]
Standard / 50: 10 8.12/8,12 | 94.82/94,82 5.18 /5,18 8.69 /8,69 0.87/0,87 1.75/1,75
ZMAJ 240 Standard ' 8.41/8,40 | 93.45/93,45 6.55 /6,55 9.83/9,83 1.54/1,54 2.4512,45
(Al Q}’(gn‘;?é[g' 60;18 | 8.67/8,67 | 91.06/91,06 | 894/894 | 10.25/1025 | 2.96/296 | 4.98/4,98
Burgoin Standard/ 125; 8.21/8,21 | 93.48/93,48 6.52 /6,52 9.63/9,63 1.44 /1,44 2.30/2,30
MI%S Standard 16 8.50/8,40 | 91.67 /91,67 8.33/8,33 10.24 /10,24 2.15/2,15 4.12 /4,12
[B] @ Control | 135 | g52/8,82 | 89.48/89,48 | 1052/1052 | 11.43/1143 | 3.25/3,25 | 6.38/6,38
Kontrola 23
Analyzing the results of the tested self-propelled Analizirajuli dobijene

machines for harvesting of commercial maize pistons, it
can be noted that the increase of operating speed and
regime change of chopping gap between the plates of input
and output , is significantly reducing the percentage of
whole intact pistons of maize, with the lowest content was
recorded in two masses in the control plots. As far as the
damaged pistons of maize, there is a similar effect of the
defined parameters. With the change of regime, working
speed and increasing the contents of damaged pistons and
ranged 5.18 % (combine A, 8.14 km h™ in standard
variant), to 10.52 % (Harvester B, 8.79 km h™in control).
Content of unhusked pistons varied in the range of 8.69 %
for the combine A and speed of 8.14 km h™ (standard -
corrected version), to 11.43 % (Harvester B, 8.79 km h™in
the control variant).

Adjustments in the settings that we have done as
standard in relation to the settings of the owners combine
in the control treatment have resulted in a significant
reduction of total kernel losses.

The largest overall losses were recorded during testing
combine B and 3.25 % (control variant , the working speed
of 8.79 km h™, the clearance of chopping between the
entrance panel 135 mm and 23 mm at the exit, while the
lowest maize in the amount of 0.87 % measured at the
combine A draft mode at a speed of 8.14 km h™ (standard -
corrected version, clearance plate inlet 50 mm and 10 mm
at the exit). In both studied self-propelled harvester for
harvesting in commercial maize cob sheller is marked the
crooning of the clip and it ranged from 1.75 % (A harvester
at 8.14 km h'! standard), up to 6.38 % (Combine B. 8.79
km h™ control).

Quality of work the of the first self-propelled combine
examined in relation to other tested combine is mainly
explained by the fact that the relevant parameters for the
combine better comply with the conditions of work in
relation to each other, although they both combine the
long-term exploitation.

The results are consistent with the results of other

aut hor s (Pintara 2000. ; Fu
2002 ; Malinov’ic et al ., 20
2011 and aBaxiy.l et

An important parameter in analysis of the efficiency and
quality of production parameters are self-propelled
machines for harvesting of commercial maize pistons,
depending on the mode of operating speed combine
(choosing the appropriate gear and settings, which is
estimated to be able to achieve the best effects in relation
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samohodnih kombajna za ubiranje merkantilnog kukuruza

uklipu,zapaga se da se povelanje
promenom zazofr a i zmelu ot k
izl azu, u znal ajnoj mer i
neogtelienih klipova kukuruz
zabelegen u wubranoj mas i

var i j an tdgelenditklipovas ek u k u r zapaga sei
slil an uticaj definisanih parametara. Sa pr ome
radne brzine i povelavao ene

se kretao u rasponu od 5,18% (kombajn A 8,12 km h™ u
standardnoj varijanti), pa do 10,52% (kombajn B, 8,82 km
h™ u kontroli). Sadrgaj neokomuganih klipova je varirao u
rasponu od 8,69% kod kombajna A pri brzini kretanja od
8,12 kmh™ (standard-korigovana varijanta), pa do 11,43%
(kombajn B, 8,82 km h™, kontrolna varijanta).

Korekcije u podegavanjima koje smo obavili u
standardnoj varijanti u odnosu na podegavnja vlasnika
kombajna u kontrolnoj varijanti imale su za rezultat
znal ajno smanjenje ukupnih gubitaka zrna.

Najvel i ukupni gubici zrna ostvareni su pri ispitivanju
kombajna B i to 3,25% (kontrolna varijanta, radna brzina
882kmh? zazor izmelLu otkida
mm i 23 mm na izlazu), dok su najmanji gubici zrna
kukuruza u iznosu od 0,87% izmereni kod kombajna A, pri
redgi mu r adn el2km &' (staadard-kbrig8vana
varijanta, zazor otkidal kih plola na ulazu 50 mm i na
izlazu 10 mm). Kod oba ispitivana samohodna kombajna
za ubiranje mer kant il nog kukuruza
krunjenje klipa i ono se kretalo u rasponu od 1,75%
(kombajn A pri 8,12 km h™, standard), pa do 6,38%
(kombajn B, 8,82 km h™, kontrolna varijanta).

Kvalitetniji rad prvog ispitivanog samohodnog
kombajna u odnosu na drugi ispitivani kombajn se pre
svega objagnjava |injenico
za rad kombaj na & oadoyirea rads k
odnosu na drugi,i ako su oba kombaj
eksploataciji.

Dobijeni rezultati su saglasni sa rezultatima drugih
autora ( Pi nt ar a, 2000 ; Fur man
200 2 ; Mal i novi c i s 2009; Mastdfi)
2011. i Baraci sar., 2012).

Znal aj an par amet ar ikvalitetaradal
predstavljaju proizvodni parametri samohodnih kombajna
za ubiranje merkantilnog kukuruza u klipu. U zavisnosti od
regi ma r a d rkembajbar G izrbe r odgc
stepena prenosa i p o d e §za kofa fjejp@cenjeno da
mogu ostvariti najbolje efekte u odnosu na uslove rada),
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to working conditions) were conducted measurements
exploitation characteristics combine within which it is
conducted chronometry , measured fuel consumption and

the amount of cutting chips when cutting corn pistons.

In table 4 presents the performance parameters of the
investigated combines and cutting height.

obavljena su
kombajna u

okvi
merena potrognij

ru
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merenja eksploatacionih  karakteristika
k o j i Hionometrisanjer
a @/a rsii naa

r elikom

odsecanja stabljike kukuruza.
U tabeli broj 4 prikazani su proizvodni pokazatelji rada

i spitivanih

kombajna i

Vi

Table 4 / Tabela 4

Production parameters and heght of cutter of device for combines tested / Proizvodni parametri i visina reza

S i

sel ke ispitivanih kombajna
Tvbe of combines / | Working speed /| Productivity / Fuel consumption / Height of the beet toping /
y.?i Kombaina Radna brzina Ulinak Potrognja go| visinaodsecanjastabljike
P ! [km hY [hah?] [LhY [L ha’] [cm]
8.12/8,12 1.17/1,17 17.75117,75 15.17 /15,17 18.95/ 18,95
ZMAJ 240 [A] 8.41/ 8,40 1.38/1,38 22.64 | 22,64 16.41 /16,41 21.30/21,30
8.67 /8,67 1.65/1,65 31.20/ 31,20 18.91/18,91 24.67 | 24,67
8.21/8,21 1.10/1,10 14.18 /14,18 12.89/12,89 19.85/19,85
Burgoin MD8 [B] 8.50/ 8,40 1.28/1,28 21.30/21,30 16.64 /16,64 26.74 126,74
8.82/8,82 1.32/1,32 25.63 /25,63 19.42 /19,42 32.74 132,74
Based on the results shown in table 4, it can be noted Na osnovu rezultata koji

that the change in the defined parameters significantly
affect the value of exploitation indexes of the investigated
combine, where the average value of exploitation indices
are mostly as expected Its effects are moving in the
range of 1.17 ha h* up to 1.65 ha h™ at the combine A
(ZMAJ 240), while the effects of other |nvest|gat|onal
combine varied in the range of 1.10 to 1.32 h ha™
(Burgoine MD8). In all studied combine notes that the
cumulative effects increase with the increase of operating
speed.

Analyzing fuel consumption based on the results
shown in table 4, we see that the changes of defined
parameters expressed a similar effect. Thus the fuel
consumption was in the range of 14.18 L h combines of
the B mode operation speed of 8.21 km h™, to 31. 20 Lht
at the combine A mode engine speed 867 km h™. For
different values of fuel consumption tested prlor to
combine all the influence it has studied mass of combine
and the current conditions of the lots on which the test
was performed.

Height of remained stalks or chips are cut height at the
combine A ranged in the range of 18.95-24.67 cm
depending on the operating speed of the combine, while
another combines tested varied in the range of 19.85-
32.74 cm. The cutting height of stalk is a very important
indicator, given the fact that low cut and well stem
chopping provides unobstructed basic processing and
other agro-technical operations performed after harvesting
of maize.

Based on these results it can be concluded that the
regime change operation speed significantly increased the
height of the cut, especially in the second examined
combine.

CONCLUSIONS

Based on these results the effects of combine ZMAJ
240 and Burgoine MD8 in collections of mercantile maize
pistons can be concluded that the investigated combines
during the test in similar conditions showed good results.

Changes in the interactions of relevant parameters
were significantly affected by the quality and size of
combines actual losses. The content of the whole intact
pistons in the combines bunker was in the range of 89.48
% for the combine B (control), to 94.82 % at the combine
A (standard). Contents of damaged pistons varied in the
range of 5.18-8.94 % (combine A ) and 6:52 to 10.52 %
(Combine B). The minimum content of unhusked maize
pistons measured in mass harvested by combine A and
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sedajepromenadef i ni sani h par amet
uticala na vrednosti eksploatacionih pokazatelja rada

i spitivanih kombaj na, pri
eksploatacionih  pokazatelia nalaze uglavhom na
ol ekivanom nivou. Ostvarel

granicama od 1,17 ha h* pa do 1,65 ha h™ kod kombajna
A (ZMAJ 240), dok su ulinci kod drugog |sp|t|vanog
kombajna varirali u rasponu od 1,10-1,32 ha h™ (Burgoin
MD8). Kod svih ispitivanih kombajna zapaga se da se
ostvareni ul inci povel avaju sa porastom radne brzine.

Analizairajul i potrognju goriva na osnovu rezultata koji
su prikazani u tabeli broj 4, zapagamo da je promena
definisanih parametara ispoljila slil an uticaj. Tako je
potrognja goriva bila u granicama od 14,18 L h kod
kombajna B pri regimu radne brzine od 8,21 km h™, pa do
31,20 L h™ kod kombajna A pri regimu radne brzme 8,67
km h™. Na razli| ite vrednosti potrognje goriva ispitivanih
kombajna pre sve uticaj je imala masa ispitivanih kombaja
i trenutni uslovi na parcelama na kojima su izvedena
ispitivanja.

Visina ostataka stabljka,od nosno vi si na
kod kombajna A kretala u granicama od 18,95-24,67 cm u
zavisnosti od radne brzine kombajna, dok je kod drugog
ispitivanog kombajna varirala u rasponu od 19,85-32,74

cm.Vi si na r e zeomashdan gokazgtely, i maj
vidu | injenicu da nizak re
obezbeluje nesmetanu osnc
agrotehnil| ke operaciije koj
kukuruza.

Na osnovu dobijenih rezu
prome n a regi ma radne brzin
povelanje visina reza sel
ispitivanog kombajna.

ZAKLJULAK

N a osnovu rezul t efelkata fadat
kombajna ZMAJ 240 i Burgoin MD8 pri ubiranju
merkantilnog kukuruza u klipu mo ge @&lel jzul i
i spitivani kombajni u toku
pokazali dobre rezultate.

Inter akcija promene relevan
je uticala na kvalitet rad
gubitaka. Sadr g aj cel og n e ougbtingdrue

kombajna bio je u granicama od 89,48% kod kombajna B
(kontrola), pa do 94,82% kod kombajna A (standard).
Sadrgaj ogtelenih kI ipoWbas-
8,94% (kombajn A), odnosno 6,52-10,52% (kombajn B).
Naj manj i s adr ¢ akjipova kubukuparizméren |
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amounted to 8.69 % , and the highest amount of 11.43 %
in harvested mass by Combine B.

The largest overall losses were measured at the
combine B and 3.25 % , the lowest in the amount of 0.87
% at the combine A, while noting that the change in
working conditions and increased speeds overall losses
increase. Higher levels of pistons husking was reached in
both studied self-propelled harvester for harvesting corn
on the piston. Husking of the pistons is moved in the
range of 1.75 % (A harvester), to 6.38 % (Combine B).

The achieved effect ranged from 1.17 h ha 1 (combine
A mode of operating speed of 8,12 km h™), to 1.65 ha h*
(combine A 8.67 km h™).

Fuel consumption ranged from 15.17 L ha™ (combine
A) , to the 19.42 L ha™ in B combine. The cutting height
was in the range of 18.95-32.74 cm.

Quality of work the of the first self-propelled combine
examined in relation to each other is primarily explained
by the fact that the relevant parameters for the combine
better comply with the terms and condition of crops on the
land in relation to the other combine harvester, although
both combine the long-term exploitation. Corrections and
improvements were carried out significantly influenced the
effects of both studied combines, so that the better results
obtained in the work of the corrected version in
comparison to the control.

The general conclusion of our study would be that the
harvesters can be tested with success in agro-ecological
conditions of central Serbia for harvesting of mercantile
maize pistons, with optimization with adequate and proper
operator training can come to the effect.
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je u ubranoj masi kombajna A i iznosio je 8,6 9 %, a
uiznosu od 11,43% u ubranoj masi kombajna B.

N a j vukdpni gubici zrna izmereni su kod kombajna B
i to 3,25%, a najmanji u iznosu od 0,87% kod kombajna

A, pri el empaga da se pri
povelanim brzi nama kretan
povel aValjiu ni vo okrunjenosi

oba ispitivana samohodna kombajna za ubiranje kukuruza
u Kklipu. Krunjenje klipa se kretalo u granicama od 1,75%
(kombajn A), pa do 6,38% (kombajn B).

Ostvareni ulinak se 1Xrhah'
(kombajn A, regi m8ia&ud h®, pado;
1,65 ha h™ (kombajn A 8,67 km h™).

Potr ognjsekreataruirasponu od 15,17 L ha™
(kombajn A), pado 19,42 L ha™ kod kombajna B. Visina

reza sel|l ke se kr et8853,74cmgr
Kvalitetniji rad prvog ispitivanog samohodnog
kombajna u odnosu na drugi
|l injenicom da su rel evant
bolje uskl al eni sa uslovima ra

parceli u odnosu na drugi kombajn, iako su oba
kombajna u dugogodi gnj oj
pobol jganja koja su obavl
efekte rada kod oba ispitivana kombajna, tako da su bolji
efekti rada dobijeni u korigovanoj varijanti u odnosu na
kontrolu.

General ni zak!l j ul pmKasaiapgivam
kombajni mogu u s p e darigiiti za ubiranje mekantilnog
kukuruza wu klipu u agroek
Srbije, p r i kvatresnopmimizaciju a gravilnu

edukaciju rukovaoca mogu d«
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Abstract: Whichever the nature of an enterprise is, the
producer cannot gain an instant profit. Whether it is about
raw materials, labour, marketing investments or any other
type of investment related to the elements of the
productbés value, there is
starting the business and its profitability. This disparity is
the result of merchandise production and the profit
resulted from sales, when the revenues do not cover the
expenses. The preliminary
profitability aims to establish the loss-profit point. The
paper presents the method of determining the rentability
threshold, and in finally make an application in the food
industry based on this method. Also, more determined the
safety margin of a company from this field in two
situations: comfortable and relatively stable.

Keywords: profitability, fixed expenses, variable
expenses, critical rentability threshold, safety margin

INTRODUCTION

In every production activity, the producer cannot gain
an instant profit. This one initially makes a capital
investment following to be regained in time. The scientific
literature defines the critical rentability threshold as the
point at which a business begins to make profits from
losses. Establishing this is essential for the preliminary
assessment of a companyods

This method determines the minimum level of sales
necessary to cover costs incurred by the company.
Practically, this approach is a complementary variation of
the sensitivity analysis. This rentability threshold can be
calculated using accounting profit or present value of
cash flows.

As similar research carried out by other authors can
mention the works:
9 Practical modalities of calculating rentability threshold
and derivatives indicators specific of the system partial
costs, appeared in Scientific Publishing FMR, Metallurgy
Review, ISSN 0464-9579, no. 3/2008, p 58, quoted in
the international database indexed by EBSCO
Publishing Inc. (USA) and EP Products database, author
John Russian;
9 Optimization rentability threshold in relation to the size
by output of a production system, authors Merce, E., CC
Thanks, H., Arion, Felix, appeared in Scientific papers,
Scientific symposium "Present and perspectives in
horticulture”, October 21 to 23. 1999, ISBN 973-8266-03-3.

MATERIALS AND METHOD

Rentability threshold defines turnover for which the
profit is zero. Accordingly this point is determined and the
amount of products / services sold, that ensures firm's
total cover the expenditure. In case of lower sales
volume, the company will incur losses and for a higher
sales volume the company will incur profit.

39

Rezumat: Oricare ar fi natura unei Tintreprinderi,
producttorul nu poat e av e
investekteatnma Mmixe, innoalificeact
forSei de munct, “n mar ket
care s e "ngl obeazt “'n vV a
momentul "~ nceperii unei af
existt un decaAnmg!l i z @ mpporre
rentabilittSii unei Soci e

stabilirea momentului de trecere de la pierdere la profit,

moment denumite Ammad @ indudrirétse
prezintt met oda de det er
rentabilitate, iar in fine

alimentar pe baza acestei metode. De asemenea, se mai
determina si marja de sigu
domeniu.

Cuvinte cheie: rentabilitate, cheltuieli fixe, cheltuieli

variabile, prag critic dt
INTRODUCERE

Cn orice activitate de pt
avea profit imediat. | ni Si
car e 0 recuper mditerdtura’de specialimate,.
moment ul trecerii de | a
denumirea de prag critic de rentabilitate. Stabilirea
acestui a este un factor
preliminart a rentabilitt$
Acecastt metodt determint n
necesare pentru acoperirea costurilor angajate de
compani e. Practi c, aceast|
compl ementart a analizei d

rentabilitate se poate calcula folosind profitul contabil sau
val oarea prezentt a fluxur

Ca si cercettri similare
amint.i lucrtrile:

T Modal i ttkgSi practice de
rentabilitate Ki indicato
costuril oaptpraurtdi alre, Edi t ur

Revista Metalurgia, ISSN 0464-9579, nr. 3/ 2008, p. 58,
cotatt “n baza de date in
Publishing Inc (SUA) K i ’,
autor loan Rus;

1 Optimizarea pragului de rentabilitate in raport cu

mtri mea de ieKkire a u n aufori
Mer c e, E. , c. C. Mer ce, H. ,
KtiinSifice, Simpozionul K

horti cul23actr 1899, ISBR 973-8266-03-3.

MATERI ALETIOIDI M

Pragul de rentabilitate d
care profitul este zero. (
determina si cantitatea de produse/servicii vandute, care
asigura acoperirea cheltuielilor totale ale firmei. In cazul
unui volum de van z £ r i ma i mi ¢, firn
iar un volum de vOnzkbtri ma

UNEI
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In graph model shows that the rentability threshold is
at the intersection the right of receipts from sales,
represented by the equation V=pq, with the right of
production  costs, represented by the right
C=Cfix+qCvar, where Cfix are fixed costs and Cvar, the
unitary variable.

Be noticed that this second right starts from
symbolized point by Cfix on the ordinance. In other
words, if it does not produce any product, the company

1SB-INIETEH 2013

In modelul grafic se observa ca pragul de rentabilitate

se situeazt |l a intersecSia
reprezentata de e c uaacBstualor de-
producSi e, reprezentata de
Cfix reprezintt costurile
unitare.

Se observa ca aceasta a doua dreapta porneste de la
punctul simbolizat cu Cfix pe ordonata. Altfel spus, daca
nu se produce nici un produs, firma tot va trebui sa

will still have to bear the costs Cfix. Abscissa intersection suporte costurile Cfix. Ab
point P is the minimum quantity that will be sold to cover reprezintt cantitatea mini
both fixed costs and variable, ie rentability threshold. a se acoperi at©t costuril
Algebraically: pragul de rentabilitate. Algebric:
Pq = Cfix + qCvar
Qmin = Cfix / (p-Cvar)
Rentability threshold=Fixed costs/(Price-unitary Prag de rentabil i t-Gostevari@hil
variable cost) unitar)
i= " pr
vn o \P ng 4 ofit
Fierderi ,,f_’/?‘ C=CrHCv
~TguzCv |
.r.":f_h\!l- 7:':.- R _CF
/‘1 tak=p L0
Prag) de rentahilitate
Fig. 1 - Rentability threshold / Determinarea pragului de rentabilitate
In reality there are very few companies that produce In realitate sunt foarte
and sell a single product. Thus situation often seen un singur produs. Astfel,

when the firm produces two or more products, to

allocate fixed costs on those products there are several

key distribution:

- the allocation of fixed costs on products based on
percentages from the volume of income expected to
be generated by each of them;

- the share of direct salaries in making the product /
service;

- the allocation of fixed costs depending on how much
space occupied each product in total of space for
sold.

Rentability threshold analysis establishes the effect it
will have on company activity most pessimistic and
optimistic forecasts.

In order the preliminary establishment of rentability a
commercial society considers himself a case study which
aims as aspects, moving from loss to profit, the establish
safety margins in two situations:

1. when safety margin is proving to be "comfortable;

2. when margin of safety is not "comfortable" but

"relatively stable" after selling a number of products due

to competition, reducing the sales price for the remaining

monthly production.

RESULTS
First Application

Let us presume that a Commercial Company wants to
produce a certain quantity of a food product in a given
time period (one week, month, year etc.).

For example, let us consider (estimated values):
- product name: Aloe Vera, Juice 100% bio;
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produce doua sau mai multe produse, pentru a se

repartiza costurile fixe pe respectivele produse exista mai

multe chei de repartizare:

- repartizarea costurilor fixe pe produse pe baza
procentul ui din vol umul
generat de fiecare dintre acestea;

- ponderea salariilor directe in realizarea produsului/

serviciului;

- repartizareacost ur i | or fixe in |
spaSiu ocupa fiecare pr
destinat vOnztrii
Analiza pragul ui de rent.

care |l vor avea asupra ac

si optimiste previziuni.

In vederea stabilirii preliminare a rentabi

soci ettSi seomerncsiialee £t un ¢

urmbrekte urmktoarele aspe

profit, stabilirea marjei de siguranta in doua situatii:

1. cOnd marja de sitgeuraanfSt Asc
2. ¢c©Ond marja de siguranSt
Arelativ stabilto, dupt v
produse din cauza concur
vOnzare pentru restul prod
REZULTATE

AplicaSia 1

St admi#t em Societate Come
produecot pentiroadt de timp de:
lunkt, un an et c. ) -unpradusaliméntart
Spre exemplu, st consider

- denumirea produsului: suc Aloe Vera, 100% bio;
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presentation: bottle of 330 ml;

guantity produced in 30 days: N = 6.105 pcs;

unit selling price: pu = 5 euro/pc;

fixed cost for the entire group of products: Cl =
500.000 euro;

variable cost: ¢c2 = 3 euro/pc.

1SB:INIILTEH 2013
- prezentare: recipiente de 330ml;
- cantitatea produst “n 30
- preS$S unitar de vO©Onzare: p

cheltuieli fixe pentru intreg lotul de produse: C1 =
500.000 euro;
cheltuieli variabile: c2 = 3 euro/unitate de produs.

The rentability threshold of the Commercial Company Se cere st se determine
for the considered product is to be determined. SociettSii Comerciale pent
In order to solve this problem it is necessary to make Pentru rezolvarea acestei
use of some basic mathematical knowledge. facem apel | a unele cunokti
Mathematical Roundup [1] Breviar matematic [1]
a) The general form of a linear equation is given by the relationship: a) Ecua$Si aumeinedraépta este
y = mx+n Q)
wherem = ,tdg® the |lineds slop unde m = ,tgleprezintt panta ¢
n i the origine ordinate; if the line crosses the niordonata | a origine;
origin, then n=0, and the linear equation origine, atunci n=0, iar ecuaSi ay
becomes: y = mx. = mx.
b) The line crossing two points is given by the equation: b)Dr eapta care treeset eprdant td ol
Y-¥ _ X=X
- 2
Y- % O] @
where (x1,y1), respectively (xo,y2) are the coordinates of unde (X1,y1), respectiv (X2,y2) sunt coordo
two arbitrary points on the line. puncte arbitrare ale dreptei.
¢) The meeting of two lines ol nterseecSi ar aptde
The meeting of two lines is a point (fig. 21). IntersecSia a dout d2.ept e
“l.'
(d;)
A(10,4
) B(3.4) a04) __-(a)
| | o, | ' I [ "1
2 I ——
"]
I I I I I I I
X
0(0,0) 5 ocoo~ 10

Fig. 2 - Establishing the equation of a line which crosses two points: (d;) i the line crossing the origin; (d,) i some other line /

Stabilirea ecuaSiei unei

ctd: (dg p dreapteccare teecetprim erigiee; (goyiidm ecaqu it puwamr ecar e

The meeting point I(x,y) is determined by solving the Punctul de intersecSie I

ecuation system formed by the two lines: sistemul de ecudbiukt THoemat
gy=mx+n - _n-n . mn-mn

[ y=mx+n, m- m, m- m, )

Considering the line (di1) given by the points O(x1=0,
y1=0) and A(x>=10, y»=4), according to the relationship (2),
the equation of this line will be:

Y- Y - X- X
Yoo N XX

Or: 4x 1 10 y = 0. Analogous, for the line (dz2) given by
the points B(x1=3, y1=4) and C(x2=7, y»=0), the following
equation is obtained: x +y = 7.

The meeting point (1), of the lines (di) z (dz), results
from solving the system formed by the equations:

4x71 10y=0;x+y=7,
with the solutions: x = 5;y = 2.

d) Line equation through cuts

41

Considerand dreapta (di) datt de p=w0,r

yi=0) KoF10, AEAN, In conf or mi t at e

ecuaSia acestei drepte va
y-O:x-O @)
4-0 10-0

Dar: 4x 7 10y = 0. Analog, pentru dreapta (d2) d a't

punctele B(x1=3,y1=4) k3i7,y&0% , se ob$

X=y=17.

Punctul de intersexzS(de, (¢
din rezolvarea sistemul ui
4x71 10y=0;x+y=7,
cu solusSiile: x = 5; 'y = 2.
dEcuaSia dreptei prin ttiet
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Considering the equation (1), is obtained: Consider©nd ecuaSia (1),

x=0,y=n;y=0,x=n/m

Determining the critical rentability threshold of the Determinarea pragul ui criti
comercial company [2] comerciale [2]
a) Fixed expenses: a) Cheltuieli fixe:
C1 = 5.10° euro. C1 = 5.10° euro.
b) Variable expenses: b) Cheltuieli variabile:
C, = N.c, = 18.10° euro. Co = N.c; = 18.10° euro.
c¢) Income from products sale: ¢) Venituri din vanzarea produselor:
Cs = N.py = 30.10° euro. Cs = N.py = 30.10° euro.
d) Diagram design for determining the critical rentability d Construc$Si a nthu detenminarea ipragple
threshold of the company critic de rentabilitate a companiei
The diagram for determining the critical rentability threshold Diagrama pentru determinarea pragului critic de
of the company for the given example can be seen in rentabilitate a compani eing
figure 2, where n¢ represents the critical product number reprezintt numbrul critiec
for which the transition from losses to gains takes place. trecerea de la pierdere la profit.
sales,
profitability A
C

B, J o5

-
-
O n, 6.10° pes quantity
produced
Fig. 2 - Diagram for determining the critical rentability threshold of the company /
Diagrama pentru determinarea pragului critic de rentabilitate a companiei
The value of n¢ can be determined from the meeting of Valoarealuings e obSine din inte
the lines OA and BC. According to the relationship (1), the BC. Cn conformitate cu re
following equation system will result: ecuasSii
gy_ C3("3<- 30@050( 5
17N 60,0
i _c 1840°
n .. .. .. .. 5
Ty=>26+C, =2 & +540 =3x+500° ®)
[ N 6Q0
with the solution: cu soluSi a:
x=n_ =25QCeurc 6)
The value of the achieved sales, equal to the value of Val oar ea vOnztrilor real
the expenses corresponding to the transition from losses cheltuielilor corespunztto
to profit, is: profit, este:
y=125Q0°euro @)
Safety Margin (First application) Marja de siguranSt (pri ma
According to the scientific literature data, [3], the safety Dupt dat wratera dd specialitate [3], marja de
margin (SM) of the company can be (fig.3): siguranSt (MS) a companiei
V  unstable, when SM < 10%; V instabilt, c©nd MS <
V relatively stable, w V relativ stabilt, ¢©n
V. comfortable, when MS > 20%. . V confortabilt, c©nd M
In the given example, the Cn exemplul considerat, mal
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C,-(C +C 30- (5+18)|@0° _ 7
MS = =2 (.+c,) _ [so- ( .. ) =__=0,233=233% ®)
C, 3040 30
therefor e it i s a fAcomfortable deci este este o Amarjt de
sales,
profitability
d’-: ] -
] < 3
-
&)
O M n., 6.10° pcs quantity
1 produced
M, M,
Fig. 3-Safety Margin/ Mar ja de siguranSt
Second Application Varianta a ll-a
Due to competition, the first application is to be St reconsidertm prima apli;
reconsidered, after the sale of N; = 3.10° pcs, for the dup L vOnzar ea 340° pModuse, pentru

following N2 = N N;= 3.10° pcs, the company decreases

ur mbt oax=eMN é& N;N 3.10° produse compania

the sales unitary price at 4 euro/pcs (fig. 4). The new scade presSul unitar de vO
companybés safety margin is St se stabileasct noua mar
sales,
profitability
A
C
[ |
B _—_—___'-———-7 L} . Dl"i
-
-
O 3,,1[}'3 pes 6.10° pcs guantity
produced
Fig. 4 - Second application: safety margin fixation/Det er mi nar ea mar j ei de saguranSt

In this case, the revenue obtained from products sale
becomes Cs = 27.10° euro, and the safety margin MS =

133% has a fdArelatively stab

CONCLUSIONS

The preliminary assessmentofacompany 6 s pr
allows evaluating the consequences of the different
measures taken during its activities. Though, for the safety
margin from the second application to become
Afcomfortabl eo, a change ir
done, in terms of their reduction.
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INCREASING SAFETY AND SECURITY IN TRANSPORTATION BY TESTINGS OF
PROTECTIVE STRUCTURES

/

CRESTEREA SIGURANTEI SI SECURITATII IN TRANSPORT PRIN TESTARI ALE
STRUCTURILOR DE PROTECTIE

PhD. Stud. Eng. Persu C., PhD. Stud. Eng.Mat ac he

M. , Ph WM. Eng.

INMA Bucharest / Romania
Tel: 0264-401675; E-mail: Persucatalin@yahoo.com

Abstract: This paper presents the researches conducted
on the testing procedure, the infrastructure used and the
results obtained at testing in a static regime of a protective
structure of the operator in an overturning incident (ROPS
- Roll over protection structure), in order to determine the
degree of protection that it provides to operators.

Keywords: overturning, resistance structure, testing

INTRODUCTION

A rollover protective structure - ROPS is a framework
designed to protect the driver of the tractor if it overturns.
ROPS works by limiting the rolling away at 90 degrees. In
case of a complete rollover, ROPS protect the driver
against crushing by the tractor [3].

Thus a country like Sweden has called for the
introduction of ROPS on the new tractors since 1959 and
in the United States ROPS has become standard
equipment since 1985. The rollover protective structures
(ROPS) are now available on almost all tractors sold, the
ROPS kits being available also for the older models of
tractors.

With more than 54,000 of agriculture-related injuries in
the United States since 2005 and with over 700 deaths,
the agricultural machines are the leading cause of farm
accidents and the overturning tractor is the leading cause
of accidents with machinery. ROPS and seat belt can
prevent over 99% of fatidic rollovers [4].

Researches regarding reduction of the number of dead
and wounded due to handling / driving of tractors and
agricultural machines, well as for increasing the security
and safety of their operators by the use of specific
protective structures (ROPS or others) were performed by
researchers from our country, European Union and U.S.A.

[1], [2], 3], [5], [6], [7], [8], [9].

MATERIAL AND METHODE

The protective structure subjected to tests was a cabin
intended to equip an universal 80 hp tractor, having the
following specifications:

- the tractor mass without load, with the protective

device, without driver: 3700 kg;

- tyre sizes: 6.5-20 8PR front, and rear :14.00-38

8PR;

The protective structure was made of welded steel
profiles containing the Lochmann framework, closings and
catching on tractor. Fixing the cabin on the tractor was
realized by means of elastic pads, on specific front / rear
brackets, it (the cabin) being equipped with two side
access doors left / right, fixed front and rear lateral
windows left / right as well as a hinged rear window.

The research was conducted at Department of INMA
Bucharest on the testing system under simulated and
accelerated regime type Hidropuls, which is endowed with
the following equipment:

- tensile dynamometers, load cells from the
composition of the force measurement chain within
the Hidropuls plant (10-100 KN), type FC-10;
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- tensile dynamometers, load cells from the
composition of the force measurement chain within
the Hidropuls plant (2517 250 KN), type FC-10;

- displacement measurement systems with inductive
transducers in the range 0 - 500 mm, resolution 0.1
mm, type WA500;

- Pentium computer equipped with acquisition board
DAP 5200 E - Microstar Laboratories.

Other utilized devices:

- optical goniometry type U4 - 165 with 4 sectors
graded, 4-90 °, division 1 ';

- digital caliper 0+150 mm;

- measuring tape Stanley, L=8 m.

The cabin was fixed on the test platform by means of

a system of universal and specific devices. Given the

sizes of the cabin and the difficulty of the test, the

clearance zone within it was materialized by creating a

three-dimensional structure of g 5 mm steel wire and

placed inside the cabin depending of the reference point

of the seat (in accordance with Annex IV a D
2009/75/CE).
The load application point for longitudinal test,

actuation from back to front was at a distance of 1/6 of the
width of the top side of the protective structure, measured
from the outer left corner towards the interior, rear view
(Fig. 1). The length of the beam with which was realized
the uniform distribution of loading was 500 mm.

1SB-INIETEH 2013

- dinamometru tracSiune,
componentt | anSul ui de m
instal aSi eii 250iKN)rtippCuld;s (25

- sisteme de mtsurare etoared
inductive in domeniul07 50 0 mm, rezol u:
WAS500;

- calculator Pentium echip:

5200 E - Microstar Laboratories.

Alte aparate utilizate:

- raportor optic tip U4 - 165 cu 4 sectoare gradate , 4-
90°, diviziune 1"

- subler digital 0+150 mm;

- rulett de mbsurare Stanl

Cabina a fost fixatt pe

ntermediul unui sistem d

cifice. Av©nd “n veder

cultatea “ncer ctrn interiorulz

teia a fost materializ

i mensionale din sOrmbt ¢

“'n nteriorul cabinei “n f

scaunului (conform anexei IV a D 2009/75/CE).

Punctul de aplicar e a sarcinii

l ongitudinal e, acSi on-aaflat ladi

distanSt de 1/6 din | L£$Si me

protecSie, mtsuratt de | a

i
spe
di f
ace
tri

i

s

d
i

vedere din spate (Fig. 1). Lungimea grinzii cu care s-a
real

izat distribuSia unifor

Fig. 1 - Assembling realised on the "Hidropuls" plant for testing the tractor cab, in case of application the longitudinal loading from behind /

Montajul realizat pe instal a Si a AHI DROPUL So

When testing to compression in the rear side, the beam
was placed on the upper traverse the most in the back of the
protective structure (Fig. 2).

pentru “ncercarea cabinei tractorul ui
La “"ncercarea | a compresi.|
a fost plasatt pe traversa

structur i i(Figd2g

protecSie

48



INTERNATIONAL SYMPOSIUM ISB-INIIL TEH' 2013

Fig. 2 - Assembling realised on the "Hidropuls" plant for testing the cab of the tractor Universal, in the case of rear crushing /

Mont aj ul realizat pe instalaSia AHI DROPULSO pentru “ncercarea
The point load application in the case of the lateral load Punctul de aplicare a sa
testing was at the upper edge of the protective structure sar ci na -adlatke mardinkasaperi oar £t a
line with the preeminent that could hit the ground first when de protecSie “n dreptul p
overturned on the right side of the cabin, on the pillar from atingt prima solul “n caz c
the right (Fig. 3). cabinei, pe stalpul din dreapta (Fig. 3).

Fig. 3 - Assembling realised on the "Hidropuls" plant for testing the cab of the Universal tractor in the case of lateral loading application /

Mont ajul realizat pe instalaSia fAHI DROPULSO pentru ‘ralecercarea cab
When testing to compression in the front side, the beam La “"ncercarea | a compresa
was placed on the uppermost transverse the most of the a fost pl asatt pe traversa
front of the protective structure (Fig. 4) structurii(Figl49. protecSi e

v

A

\ 7Y VA Y
i; ‘14" "

Fig. 4 - Assembling realised on the "Hidropuls" plant for testing the cab of the Universal tractor in the case of front crushing /

Mont ajul realizat pe instalaSia AHI DROPULSO pentru "~ ncercarea

According to the documentation, the reference height Conf orm d o ¢ ugneatatda adsé e ir,e f e
of the tractor is of 3700 daN, at least 50% from the weight tractorului este de 3700 daN, c el puSin 50
being distributed on the rear wheels. repartizatt pe roSile din

For the tests were used a 250 kN hydraulic cylinder Pentru ° maa etilizattun icilindsu hidraulic de
(for longitudinal and lateral actuation tests) and two 100 250 kN (pentruac Qicerarta il e
kN cylinders (for the tests of pressing from top to |l ateralt) K i doi cilindri
bottom). apktsare de sus “n jos).

The test parameters and their values are presented in Parametri.i de " ncercare K
the Table 1 and were determined in accordance with the “n Tabel ul 1 K i au fost
regulations in force: prevederile normativelor n vigoare:

F - force; F-for St
2e- displacement; 2e- deplasare;

U - energy. U - energie.
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Table 1/ Tabelul 1

Test parameters / Parametri de incercare

; . i L Minimum values calculated according to D
Typeoftest/T1 pul neerctri Degg:&?ﬁ?gn/ '\CJLI\J/I/ 2009/75/EC / Valori minime calculgte
o conform D 2009/75/CE
I?nhOTZr?rgﬁlzr())lﬁPaell :B%r;%tlﬂiﬁ::;alygadls%%gom back / Sarcina energy / energie J 5180
P Lateral loading / Sarcina laterala energy / energie J 6475
In vertical plane / | Front crushing / Strivire fata force/f or $| KN 2x 37
n plan vertical | Rear crushing / Strivire spate force/f or S| kN 2x37
RESULTS REZULTATE
The tests of loading were carried out in the back left and Cncercktrile de s aatedn parea dinu
right side. spate st®©nga Ki “n partea
The reference mass used in the calculation of entry Mast de referinSt utiliz:
energy and of the crushing forces was of 3700 kg. i ntrar e ndeéstrigire & fost dg 8710®kg.
The requirement for ruptures, cracks and the protection CerinSele privind rupturi
of the clearance zone was complied. degajare au fost respectate.
The energy absorbed during application of loading: Energia absorbitt “n timpi
- in the back 5.39 kJ; - 1n spate 5,39 kJ;
- lateral 6.92 kJ; - lateral 6,92 kJ;
Crushing force: For St de strivire:
- in the back 76.82 kN; - n spate 76,82 kN;
- infront 74.93 kN; - " n faSt 74,93 kN;
The final permanent deformation measured after the Def or mar ea per manent t f
tests: “ncercktri
- in the back side: towards the front - " n partea din spate: spi
- on the left side: 20mm; - in stanga: 20mm;
- on the right side:11 mm; - indreapta:11 mm;
In the front side: towards the front: Cn partea din faSt: spre
- on the left side: 36 mm; - Instédnga: 36 mm;
- on the right side: 23 mm; - Tndreapta: 23 mm;
In the lateral side: Cn partea | ateralt:
- in the front side: 18 mm; - " n faSt: 18 mm;
- in the back side: 25 mm; - 1n spate: 25 mm;
In the upper side: from top to bottom: Cn partea superioart: de
- in front: 2 mm; - " n faSt: 2 mm;
- attherear: 4 mm; - Tnspate: 4 mm;
The following graphs present the evolution of force / Cn urmkbtoarele grafice
displacement for each of the performed tests: forSbLadepe pentru fiecare d
70 70
60 e 60
o il . 7 /
Zw /ﬂ r 2w /J/
20 /_ ,,,- ) 20 ’/ )
0 //"'/ / — 0 f/ r/
0 0

0 20 40 60 80 100 120 140 160 180

Deformare (mm)
Fig. 5 - Force-deformation diagram in the case of strain at
longitudinal loading from behind /Di a g r a mdefofmare 18 £
cazul solicittrii |l a sarci

50

0 1000 2000 3000
Energie (J)
Fig. 6 - Force-energy diagram in the case of strain at longitudinal
loading from behind/Di agr amanéongiSe& “n ca

sarcina longitudinalt
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ig. 10 - Force-energy diagram in the case of the strain with lateral load /
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Fig. 11 - Force-deformation diagram in the case of crushing in front /
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CONCLUSIONS

The resistance structure subjected to testing is
designed to protect the tractor driver and his companions
of those hazards that may occur upon the overthrow of
the tractor or limitation of their effect in case of normal
use.

The values of the stresses to which the structure was
subjected were determined on the basis of its technical
documentation, the tests watching the verification of the
energy absorbing capacity and of the forces applied to the
cabin for the calculated values corresponding to a
reference tractor height of 3700 daN.

After performing of tests the protective structure (the
cabin) did not presented visible cracks or tears and on
their duration a part of it has not penetrated into the
clearance zone.
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Abstract: The analysis of the whole process of cutting
performed by the technical equipment used in grinding
cereal grains, has led to the conclusion that the main
actions applied to the cereal grains are those of crushing
and cutting. The present paper presents a study on the
influence of the knife edge on the process of corn grains
grinding. The experimental research was performed on
individual corn grains, at humidity values of 14% and 16%,
using a knife with a 30° edge and a knife with a 45° edge,
continually considering the cutting resistance force
variation of the corn grains and the energy consumption
variation.

Keywords: corn cutting, humidity, individual corn grains,
energy consumption, force, deformation

INTRODUCTION

The behavior of solid materials put under the grinding
operation is very different from a case to another,
according to the great number of parameters which
contribute to its performing [12]. The experimental
research has revealed the main parameters which should
be considered when explaining the way of performing the
grinding: the nature of the material, the initial state (form,
granulometry etc.), the structure, the way of applying the
force and the nature of the applied force, value, speed and
time of applying the effort [5], [8].

Because of the complex structure, cereal grains can be
considered as "colloidal-capillary-porous” bodies, and
from rheological point of view showing concomitant, in
certain proportions, the three basic rheological properties:
elasticity, viscosity and plasticity. The granule shape
deformations can be classified into one of these
categories: elastic deformation, plastic deformation and
viscous flow or combinations thereof [1], [3].

Grinding cereal grains by cutting them is a wide spread
procedure in the grinding industry. Concerning this
graining procedure, cereal grains are cut by applying the
external forces of the knife. This grinding method is
applied to plastic, plastic-elastic materials and various
hard materials [4],

During the process of cutting with the knife
displacement on the normal direction, two stages can be
distinguished: a first stage where the cutting edge is
pressing over the material, when on the knife cutting edge
are created normal contact stresses which by their value
produce the destruction of the material integrity and a
second stage where the knife penetrates inside the
granule, moment when the inclined front of it deforms the
material, pushing it to the side by the wedge effect on a
perpendicular direction to the direction of movement, fact
which creates into material a state of stresses which
manifests itself differently, depending on the nature of the
material subjected to the cutting operation [3], [4], [6].

The energy consumption in order to perform the
grinding operation depends on the material physical-
mechanical properties, the type of strain applied during
the grinding process and the required grinding degree.

The higher the grinding degree is, the higher the
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required energy is needed [8], [9],[10].

In order to achieve low energy consumption, in order to
perform the grinding, the operation should be done
according to the rigorous establishment of the grinding
dimensions and the appropriate technological and
functional scheme of the machine, adjusted to the
physical-mechanical properties of the material under the
grinding operation [2].

Over the years many theories have been developed on
the process of grinding and, corresponding, some
analytical relations for determining the energy invested in
the grinding process. These theories d o made, however,
a satisfactory scientific substantiation [8].

This is, because it is not possible that the priming
complex physical phenomena and then breaking
development to be expressed by simple relations.
However, it is possible to indicate tendency of energy yield
in the individual particle crushing and grinding industry, in
particular as a function dependent on the size of the newly
created surface [8], [11].

MATERIALS AND METHODS

The experimental research attempts, on the one hand, to
check the veracity of the hypothesis and theories which are
the basis of the theoretical studies concerning the researched
processes, and, on the other hand, it allows investigating a
range of phenomena of which practical applicability cannot
be obtained by means of theoretical study, due to their
complexity or to the lack of sufficient knowledge of the laws
which determine the researched phenomenon [8].

The Lothar corn grains make main object of this study,
grains which have the characteristics in table 1.

Grinding particles requires some energy consumption.

In the grinding process, the specific energy, is the
energy needed to generate a certain degree of fineness of
the mass unit from the product subject to grind.

Due to the multitude factors involved in the
development of grinding operation, were formulated a
number of theories (laws) to estimate the energy
consumed in the crushing operation, each based on some
simplifying assumptions.

These theories are grouped into two categories:

1 classical theories which fall Rittinger's hypothesis,
the Kick hypothesis, Bond's hypothesis and the
general theory of Charles;

1 modern theories which fall thermodynamic theory,
the theory of free grinding and module theory.[8]

Due to the large number of influencing factors, there is
still no satisfactory theoretical basis for shredding
mechanism.
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Table 1/ Tabelul 1

The characteristics of the corn grains used in the experimental research /

Caracteristicile fizice ale semin$Selor de porumb util
) Density/ Masa hect ol Humidity/ Umiditatea
Cereal type/ Tip cereale [kg/hl] [%]
66.7 /66,7 14
Corn / Porumb 65.1/651 16

The experimental research has been performed using
the Zwick/Roell 2.5kN testing equipment, to which the
cutting machine was added (Fig.1).

During the experimental research the resistance of the
corn grains to individual cutting has been analyzed,
monitoring, in the same time, the energy consumption
during the cutting process. Along the cutting process two
types of knives have been used, a knife with a 30° edge
and a knife with a 45° edge (Fig. 2).

In order to mark out the influence of the corn grains
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humidity on the grinding process, the experimental
research has been performed at humidity values of 14%
and 16%. The cutting speed during all the experimental
research is of 50 mm/min.
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Fig. 1 - The cutting equipment used in the experimental research /
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Fig. 2 - The knives used in the experimental research /
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In order to bring the corn grains to the needed humidity,
a WK 11 600 climatic chambers was used. The grains
were put into the climatic chamber and kept there for 5or 6
days. In order to determine the final humidity of the grains,
a special Granomat humidometer for cereal grains was
used.

For each experiment, 15 corn grains belonging to the
same corn variety and dimensional group were used.
Along each performed experiment the cutting force value
variation has been measured depending on the knife
movement from the beginning of the experiment and up to
the entire cutting of the corn grain as well as the measured
energy consumption along each cutting process.

In order to measure the force value, the device used to
fix the knife was put into the fixing system of the force
tensometric transducer of the material testing Zwick/Roell
2.5 kN equipment, which allows to measure the force value
with a 0.01% resolution. The measuring of the knife
movement along the cutting process was performed using
the incremental position transducer of the equipment,
which was indexed for each equipment separately, for the
moment when the cutting edge touched the tested grain
surface.

The electrical signals of the two transducers were
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registered in the computer database.

RESULTS AND DISCUSSION

To highlight the influence of grain moisture corn on
energy invested in the crushing process, was carried out
experimental research obtained by cutting a single kernel
of corn.

The results of each experiment are shown in the
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Fig. 3 - The influence of the corn grains humidity on the resistance to cutting, using a knife with a cutting sharpening edge of 30°/
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The analysis of the energy consumption diagram
shows that, for the two different humidity values used, the
lowest energy consumption has been obtained when using
a knife with a 45° sharpening edge and a humidity value of
14%. The research has also shown that when the corn
grain humidity value is lower (14%), the energy
consumption value is lower. The analysis of the energy
consumption according to the cutting edge sharpening has
shown that using a knife with a 45° sharpening cutting
edge, the energy consumption value is lower.

CONCLUSIONS
The analysis of the experimental research has shown
the following facts:

9 the lower the corn grains humidity value is, the shorter
the grinding duration time will be;

1 the higher the grain humidity value is, the flatter the
slope line of the variation curve will be;

1 the lowest value of the energy consumption is
obtained when using a knife with a 45° sharpening
edge and a humidity value of 14%;

9 the cutting of the corn grains has shown that, between
the two types of knives used (30° and 45°), the lowest
values of the energy consumption at both humidity
values have been obtained when using a knife with a
45% sharpening of the cutting edge.

From analysis the shape variation curves of cut
resistance forces are highlighted as follows:

- inthe first phase of implementation of the application there
is a proportionality between the force applied to the
knife edge and elastic deformation of the kernel
representing the elastic deformation of the grain;

- after passing the elastic zone is manifested plastic
deformation phenomenon of grain material, a
phenomenon that is highlighted by a progressive
decrease in slope of the variation, up to the
maximum;

- at the time of entering the knife in grain mass, the
cutting force is at a maximum and is kept at this value
and decreases progressively until the complete
detachment of the grains.
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Abstract: Method of calculation radius of bending for the
flexible screw sectional conveyer was presented. Analytical
dependencies for finding maximal turning radius in order to
provide the reliable operation of the mechanism were
defined. The stand construction for investigation of the
angle of twist of the sectional operating members was
developed. The effect of different construction parameters
(section length, diameter) on their operating life characteristics
as well as the comparative testing of different types screw
operating members (SOM) samples, were found. The
method of the construction production effectiveness testing
of the flexible screw conveyer sections operating
members, which provides the minimal radius of bending of
the transporting routes, was presented.

Key words: screw operating member (SOM), transportation,
minimum radius of bending, angle of twist

INTRODUCTION

In modern agricultural mechanical engineering, elevating-
transporting and other vehicles screw transporting-technological
systems (STTS), the principle operating members of which
are flexible screw mechanisms, are of great importance, high
requirement being those for the reliability and durability of
these mechanisms operation, providing high engineering-
economic indices and low expenditures for operation and
maintenance of the agricultural machine. Determination of the
acceptable and maximal, from the point of view of the
mechanism operation reliability in whole, radia of the
operating member bending is of importance while using
flexible screw conveyer sectional operating member.

The objective of the work is to develop the method for finding
the radius of bending for the sectional operating member in
order to provide its operational and technological parameters.

In many works develop main principles of construction
and modeling screw conveyors, such as P. W. Cleary, Hu
G., Zareiforoush. [1-4]. The papers by A.M. Grygoriev,
S.M. Mykhailov, K.D. Vaschagin, B.M. Gevko, R.M.
Rogatynsky, O. [ Trufanov, H. German, M.l. Pylypets,
etc., are devoted to the theoretical interpreting of the
flexible screw transshipment mechanisms operation, methods
of calculation of their basic parameters, development of
advanced constructions of such means of bulk materials
mechanized transporting along the curved routes. In other
works authors [5-11].

Analysis of key principles in the design of flexible screw
conveyers (FSC) testifies that the single point of view on
the essence of the phenomena observed during operation
of such means of mechanization is not available. Special
attention in the analysis of the previous investigations is
paid to those papers, in which the problem of the choose
of operating members parameters and the processes of
transporting grain, granular fertilizers, etc., are analysed,
as the problem of the bulk materials damage has not been
studied enough yet.

MATERIAL AND METHOD

Stand for investigation of the STTS sectional
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operating members angle of twist is presented in Fig. 1.
It consists of the bodyl, to which the stick 2 is mounted
rigidly and on which operating member 3 is fixed, which
is freely set in the U-shaped box. The box is fixed on
the base 5 with supporting elements 6. Free end of the
sectional operating member is inserted into the holder
hole 7, on the right end of which the nonius scale is
made. In order to investigate different length operating
members the holder is located on the guides, which
make possible to change its position. On the free end of
the operating member, which overhands from the holder
hole, the bush with the arrow 10, which has the ability of angle
displacement while screw tightening, and -calibrated
level 12, the size of which is determined by the loading
capacity of the operating member, is fixed rigidly.
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Fig. 11 Stand for investigation of the sectional operating members angle of twist /
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Rigidity of the screw operating member as well as the
SOM sectional elements wear is found according to the
angle of twist value.

To find the screw spirals torsion rigidity, the curvature
radius effect on the spirals operation reliability, to
determine the most dangerous areas in the SOM
constructions elements under overloading, experimental
stand presented in Fig. 2 was used. It is designed for
static, dynamic and operating life testing and comparative
estimation of different construction parameters operating
member's structures. The stand consists of the frame 7,
on whicht he generator 1 (d. c.
mounted on the turning plate 3, which is bolted by the
screw joints 2 and 4 to the guiding channel 6. The guiding
channel is fixed to the frame 7 and its fitting in the given
position is provided by the bolt joint 5. Besides, the stand
is provided with the three-phase induction asynchronous
motor 10 (6rR{ 90L4VY) , w h i
displaceable plate. Investigated SOM 8 is fixed on the
motor output shafts 1 and 10 by means of either the
flanged joints or the flanged joints and the safety clutch 9.
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a) scheme /f - j ;d3gfeneral view /L Oc¢ Odz! dzd 2

Investigations of the screw spirals torsion rigidity, taking
advantage of this stand, are carried out as follows. The
investigated object 8 is placed on the generator 1 and
motor 10 shafts and the necessary spiral curvature radius
is set with the help of the displaceable plate. As the motor
can be displaced in the longitudinal and transversal
directions different length and configuration spirals can be
tested on this stand. Then is run follows PC connection to
the power supply source (Fig. 2) and software PowerSuit
for tuning of Altivar 7.1 series transformers frequency.
Frequency of the motor rotation was controlled
automatically from O till 1460 rev/min. Besides, smooth and
sharp starting and reversing were performed, if needed.
The generator (d.c. motor 41 A112LJ1104) wi
brake, which was operating with the separate excitation to
make the required loading on the investigated object
possible. That is why the current comes from the stabilize
to the (laboratory automatic transformer), where its
regulation (U-const) to the required value (I=0..4A) is
carried out and then through the rectifier (diode bridge) it is
transferred to the generator stator excitation winding.
Accordingly the excitation winding current changes the
generator loading current (resultant generator magnetic
field) and, thus, the generator consumption power is
changed. Exact data on the rotation frequency on the
motor shaft (error within = 1,5 %) is recorded, taking
advantage of the motor shaft rotation frequency meter
(E40S6-10Z4-6L-5), which is connected to the motor rotor.

Since operation characteristics of any elevator flexible
operating member are determined by the radius of its
bending, this parameter specifies the level of the
production effectiveness of such transporting member. The
value of the radius of bending is to be known while their
designing for the loads transporting along the curvilinear
routes, the designer being able to provide required
technological capabilities of the device and purposefulness
of its application. To find this parameter one should follow
the calculation scheme presented in Fig. 3.

The value of bending of the screw operating member
under absolute rigidity according to the required linear
sizes is equal to its general linear length. According to the
calculation scheme the relation between the bending
length and the screw element radius is:

The radius of bending can be expressed by the distance
between the device bended operating member ends due to
L parameter. According to the calculation scheme the
radius of bending equals [9]:

where L i linear distance between the screw elements
ends; Ui angle of bending of the screw element sections.
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a) bending rout along the radius /L ¢ d dzdz® Is tc © ) Q b)themding ut aldndtlze curve /L ¢ d dzdzO@ IstcOMO s Ctodo " 2

Having substituted the values of equality (2) in the 1 " HMlsOoadehd L dzOyj dedzv t6' o dz
dependence (1), the value of the elevator screw operating slsted BO* dBts L dzOyJ dzdzv Hseoydc
member bending length will be obtained: Bt YSets BcOdlz ISttOdhf slsj «

a aQ
lbend = ﬂ_ . = . - (3)
180'sina  sina

In the case of two bending paths, the radius of bending Vv 9adfOHSCE HoBrn IbttO' Cliste’ 2
is worthy being determined from the dependence: Leddzz Hisy' oz des o dL d&zOyoOIlsd L

LG&ina -
=— =0,25QL Qga . 4
Ro 4Gosa g @

The length of bending (linear length of the screw tseyddzz esdeddzsz (dz' dz 2dz0 Ht

operating member) is found from the dependence: ddzj d3j dzls©@) o dL dzZOyoO* Is' w L L C
l,... =05LAGga P Qa . (5)
However, such important parameter as the angle of lteslsy L Odzdh O Is! v dzi 8 ' HiB] C

bending of the elevator sec¢ Wil Leddzkz MmjCy'al wddpimiste
this parameter and the dependence of the angle of HOdses f OLOd] stcO, 0O kOCBY
bending of the flexible screw operating member on the Gz yS sets coaddastsoatsegts B SYB!
other structural parameters, one should take advantage of Cdgh d A CsdemistezC Isd o dzd - f Otc ©
the calculation scheme presented in Fig. 4. Thus, to find L teOREd soats’ MmMaj di3d, H$wpPefmlk
the analytical dependencies, which are used to calculate o MlsOdase dzj dzdzv OdzOdz' sdydedr L Odz
the angle of bending of one section relatively the other HdzZv teLteOrbkdilk CEISO Leddk f
one, we should consider @ a 5L C¢dvbDhaia ¢ Hd®O: W CBEts |

_Cb_D,-d;-2s

tga 6
ga=—2 B (6)
where: D; T outside diameter of the elevator sections bushes; HiDjT LB dzg hdzg" 2 H' Odgj ste 9 sk dzts
d; 7 diameter of the joint rolls, dgiT H' O3 Iste L&' Hdzzs ydr o Odzd ¢
si thickness of bushes silstsoh ddzO olskzdzts¢ ;
B i width of bushes. Jihdted dzO o lskzdzts ¢

Aot

Y a

Fig. 4 - Calculation scheme for finding the minimal radiu% of bending for the screw sectional operating members elevator /
[ BLEOREZdS 890 MRj BO Hdzv o dL dOYj dzdz” 5 dg B3Odz! desets tw€WOH' EMO Leddiz steOdzmy s

To find the angle of ben rdzv o dL dzOyd dzdzv tcOH ' Iz MDomn.:
According to the calculation scheme, presented in Fig. 4, 16" Hdzts totsL tcOrnzdzl 5o t5° Mmad &&d
the radius of bending Rbend will equal: ttOH"' EMRLIG dedizh § t©° o dzd 2 :

mn
=on=——-. 7
Riens sina 7
According to the calculation scheme the value mn equals: 1G' Hdz L tOrkd sas’ Maj &
mn=I,/2+B+D+B/2, (8)
where |; T distance between the bushes in one section; Higllo" HMNlsOdz" ' ¥ olskdzt Oodd
i gap between the adjacent sections. DiLOLtste a3 3y Mk Hds &8 Mg ¢
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Taking into account equations (6) and (8), the 1 o9tcORkzoOdzdzw 36" o dztEfBl3 j & Ok
dependence (7), which determines the minimal radius of 9dL dzOyo’ 3" dz2' BBOdzr dzd?2 tOH' E
bending of the sectional elements elevator operating stcOdf stelsj O L Mmd $y' 2 ded &3

members, will look like: o dcdzvH:
LSB+I +D
I:i)end = . (9)
d, - 2s§0
ZSlrgrctgaeiog
¢
RESULTS AND DISCUSSION tt1vf2uduRr
Special stand equipment was used for the operating [ dzv HBsMdz HY j dzdza” - dfi gzt sdeiizO &) O &
life testing of the strain-strength characteristics of the Gdzzys dn Mmd €y' 2ded 114 ftod
flexible sectional SOM (Fig. 2). At the beginning of the 9adCtstedmistse zo Odzts ! mMf iy Odz ¢
operating life testing measuring of the angle twist of the (tedm. 2) . 10 fYyolstkz tjmMiztemd
sectional SOM with the hinged joint (Fig 9, a) and safety LOB tod CEkIO L OStekzylkzo Odasdz f
joint (Fig. 9, b) on the stand for testing the angle of twisting LO' HAdZOdzdz" &3 (tsdfm. 9. 0O) O LG
of sectional SOM were carried out. The next stage was O MmlsjdH' HdzW HEsfpd HYj dadgy !
operating life testing (under loading) on the stand for 1t {1 Ofmisizy dzd d3 J sOfsd3 BRdAs
investigation of the strain-strength characteristics of the odftesBlzoOdz (§'H dzO9 OdadsOY § dadk
screw spirals (Fig. 6). After preliminary found equal periods HiWsted3Ofy ﬂztws cf n dO6@Clsegmddelsts
of time (10 hours) repeated measuring of the angle of (tedMm. 6) . ey O jteiH ofy
twisting of the sectional SOM on the stand were carried out yomkez (10 ¢ 15 H.) ftwsesHdddm!
to investigate the angle of twisting of sectional SOM. In Sy 2dedr 11 { dO MmlsjdH' Hdzw
Fig. 5 graphic dependencies of the radius of bending value MiSy 2dedrs 1t {. 10 tdMm.5 dzO
change of the screw conveyer on the construction L3 dzf dzd yddzed ©OH' EMO L eddzkz
parameters of the sectional elements, are presented. CsdzmistezCIsdodzdn § OtcOd3d Ists” © T,
Rbenl’ / Rben(’ 03 = 12 mrr / >
mm S, =11mm // mm l \4 ///
40C 256 4— Dy = 8mm /
35C / W
22t 7
30C 19t '/
25C /
/ So="7Tmm 16t K
ZOC / A / N
13t _ —
/] D; = 4mm
15C 277¢ = gmm /'F//. o]
1 — o YV
10C | ::Ezjf5>*'f"'
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Fig. 5 - Graphical dependences of the radius of bending value change of the screw conveyer on the construction parameters of the
sectional elements /| e OW ' ydz' L Odzj 3y desfmls’ L & ded o dzdydded t©€OH' MO Leddzz G o ddzlstso sc
Md Sy" 2dzdrn Jdzj d3j dzs’ o

According to the embodiment of the working body of the ] " HYitse Hdzs HB CtdmistckzCIsdo
ratio between the angular velocities master and slave sStec Odzlz M " 99" Hdash j dzdaw 3"
sections for a full rotation will be: 9jHEYS® ' e jHjdzs’ MmjSty' 2 LC

w, _ cos&rctg(DB -d, - 23)/ B (10)
w, 1-si’(D,- d, - 25)/B

Analyzing the obtained graphical dependencies (Fig. 5) ¢ dzOdz' L ¥ yd lsted 30dz GteOW " y
of the flexible screw conveyer radius of bending change on OH' MO L G ddzlz Gdzzy¢ sets G
the construction parameters of the operating members CodzemlstezC Isd o dzd f OttOd3j Ists” o
sections, one can conclude, that the thickness of the bush By 20 LtwsBdlsd odfMmdse s, hHfs
S together with the width of the bushes B is of sufficient o j dzd yd dzz &30 Is tso N iz dztp s ‘o Hsdz@xfeclf
affect on this value. Thus, when the value S is increased olskzdzse 1. vO¢ fted LB dz.h ] dzizd
within 3..11 mm and B equals 10; 15; 20; 25; 30 mm under = 10; 15; 20; 25; 30 B=064
constant value D;=60mm; d;=45mm; [z=5 0 mm; @@= dg= 45 geBB50IDBBLO dBd3 9 HBLkZO O
the radius of curvature in COH' MO odeddiz o 3y Q83121 60k¢
and 95, 1é531, 6 mm, t hat i« 3y k&.53,82 oL d. utsBlIsts, 9" HBIzo®
sufficient limitation of the device technological capabilities ISj mdetsdztse ' ydzdrn By dzde tsmisj 2 &
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occurs, as the radius of bending must be minimal. Under
similar data of these construction parameters, but while
changing the gap size betweenthe adj acent
within 4é 12 mm, the radius of bending varies within
76,3..314,1; 90,4.336,5 mm. According to the
investigations the device with the less width of the bush
sections will be more production effective, as under similar
productivity and operating life time of operation will take
less manufacturing areas.

As the result of the carried out investigations it was
found, that the angle of twist for the sectional SOM with the
hinged and safety joints (SOM length L=2m) did not
exceed 90°. Before the operating life testing the angle of
twist for the investigated sectional SOM did not exceed
3,20. At the initial stage of the operating life testing (after
10 hours of operation) the angle of twist for both sectional
SOM has increased sharply, which can be caused by the
wearing out of some screw construction elements. Further
its increase was slowed down and stabilization was
observed.

In Fig. 6 dependencies of the sectional SOM angle of
twist on the operating time are presented (turn diameter i
96 mm, section length i 130 mm, SOM length i 2 m,
loading on SOM i 12 Hm, frequency of rotation i 426
rev/min under radius of bending i Rpend = min and under

1SB-INIETEH 2013
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Fig. 6 - Dependence of the sectional SOM angle of twist on the operating time /

1 Odzj > dz° fyls!
17 with the hinged joint under Rpeng = min / L

Lo

L hOkd todzd o

Angular acceleration of the master section for a uniform
rotation of the slave unit is expressed by relation:

H dz0 dzdz! zaRin;{3 i With fRe hinged joint under Rpeng =0/Lh Ote dz' te dzd o3

Accordingly, coefficient of irregularity rotation of the
slave section:

Torque at an intermediate section is determined from

S pdse00 dzd@C e j Sy 2 dzd R 4t J o' H UOME jCMfdzokoy:
h Otedz' toded o5 L 0 | Fniz@czazithdhe Hatotsf joilk under Rpeng=min/L L Of 58 ' 3 dad &3
L 0 ' Ry &zQ dzda with thietsafety joint under Ryeng = 0/
L 6R, & 00 dzdz" 0O fmq > dzd d5 L R =M 42O dzdz" o5 1o
sklstsoj ftodmSstej ddy ojHEys’
5B jtelsOdedz o jHJdzts® dzOdeCd odte
sint(arctg D, - 25)cos.étrctg D, - d - 28)sinZa
- - (112)
(1- si(Pe™ 97 2567 4
I  Hfe Hds Cj¥W' y' ‘ des j tedg
pdHjds Mmicy'’
k = tg(arctg 22— %~ 25 sin@rctg 2o ‘;B' 25y | (12)
stlzlsdzd?2 d3sdzj dals dzO Gesd3 3¢

the relationship:

T‘l’-ﬁl

where Ti torque that acts on slave section.

As a result was built graphical dependence (Fig. 7, Fig.
8) in analysis of which we can conclude that they are close
to the straight line of law distribution.

L Odzj ¥ desfls

D,-d,-2s

:U\/1+tgz(arctq )coga, (13)

HiT-d3sd3j dels, hts H'' &0 o jHE"

10 GjLbd sOO®] § 5B LH cEOU
(edfm. 7, twdfh. 8) L O&OdE Lk

hts otsded dzOBdzd ) O Is' W HB 6w d3
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As seen from (Fig. 7 and Fig. 8.) that the increase the
length of the section naturally leads to a proportional
increase in the maximum angle of twist and hinge joint
almost have no effect on the amount of strain, as its
stiffness is much higher than the stiffness of the section.
Found that maximum torque Tmax that results to a
breakdown the section of working unit is much larger than
the torque required for handling bulk cargo by designed
working unit at maximum working height of handling and
minimal radius of curvature of pipeline.

Basing on the presented calculations screw sectional
elements operating members were designed and
manufactured, which are presented in Fig. 9. The results of
the carried out investigations testify that the period of
running-in in the idle regime of the sectional SOM must be
carried out in order to provide the fitting of some
construction elements, which should be followed by the
maintenance inspection.

The developed models of the sectional elements screw
elevator operating member can be widely applied in the
food processing branches of industry, agriculture, as well
as in technological processes of mechanized loading of
mineral fertilizers, seeds and grains due to the improved
technological capabilities while decreasing the radius of its
bending and raising reliability as the result of the improved
construction.
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CONCLUSIONS

1. Construction stand for investigation of the sectional
operating members angle of twist has been developed.
Dangerous radii of the spiral curvature and critical
loadings, which cause the SOM fracture, have been found.
The effect of different construction parameters (section
length and diameter) on their operating life characteristics,
has been determined. Comparative testing of different
types SOM samples, have been carried out.

2. Basing on the carried out investigations analytical
dependencies for finding the radius of bending of the
sectional flexible screw conveyer, depending on the
sections construction parameters, have been derived.

3. Graphical dependencies of the change of radius of
bending value of the sectional operating member on the
sectional elements construction parameters have been
found. The change of the minimal radius bending is
affected by the turn thickness comparatively with its width,
the angle of bending for the sectional SOM with hinged
and safety joints (SOM length = 2m) does not exceed 90°.
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CHOICE OF SUITABLE SITES FOR THE CONSTRUCTION OF BIOGAS PLANTS
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Abstract: Concentration of population and enhance the
socio-economic development of society is related to the
generation of large amounts of waste. Their
accumulation adversely impacting the environment and
creates risks of harm to human health. In many
countries, sustainable waste management and fight for
their reduction have an important share of public efforts
to reduce overall pollution and mitigate global climate
change. The shortage of electricity demands looking for
new innovative renewable energies sources /RES /.
Bulgaria has a great potential for using of biomass for
biogas production, as required by EU demand for
renewable energy. To build a biogas plant is necessary
to follow a number of requirements related to the
selection of a site for construction of the plant. The aim
of the study is to select the most suitable site for the
construction of a biogas plant. The site selection is
based on four main steps, including the selection of
favorable region according to the available biomass
determination of an appropriate area within the selected
region, identifying suitable location for the construction
of the site and criterion account of the special
specificities in the implementation of biogas projects
and others.

Keywords: biogas plant, site, biomass

INTRODUCTION

Concentration of population and enhance the socio-
economic development of society is related to the
generation of large amounts of waste. Their accumulation
adversely impacting the environment and creates risks to
harm human health.

In many countries, sustainable waste management and
fight for their reduction have an important share of public
efforts to reduce overall pollution and mitigate global
climate change [1, 5].

The shortage of electricity demands looking for new
innovative renewable energies sources /RES /.

Development of infrastructure for production of energy
from renewable sources including their integration in the
transmission system is closely related to the obligations of
our country has made in the negotiation process for EU
membership [6].

Bulgaria has a great potential for making and use of
biomass for biogas production.

National program to encourage the use of renewable
energy classified biomass according to its origin in the
following categories i waste, unused biomass and energy
crops [2, 3].
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STEPS AND REQUIREMENTS TO BUILD ¢ BIOGAS
PLANT

To build a biogas plant is necessary to follow a number
of requirements related to site selection.
In order to choose the most suitable sites has to be

evaluated:
A Available biomass (conventional and
unconventional);
A The area in terms of energy resources, logistics,
etc.

A The organizational structure of the district.
The site selection is based on four major steps shown
in Figure 1.

Step 1: Select a favourable region according to the
availability of biomass

Conducting a survey to establish the potential of
biomass, this clearly defines the amount of material
suitable for the development of biogas projects [4].

During the first step are chosen favorable biogas
regions. These regions are determined based on the
amount of available biodegradable materials.

Since the energy content of the biomass per unit
volume is low and the quantities of raw material are high,
from an economic and energetic point of view is not
effective liquid agricultural materials to be transported
more than 5 km, and energy crops - more than 15 km
away. Therefore, the installation for biogas production
should be positioned at distance less than 15 km from
biomass source. This also applies to the processed
biomass (digestate), which is usually used to improve
soil quality.

Step 2: Identify the appropriate area in framework of
selected region

The second step is to define the appropriate area,
located in the selected region, during the Step 1. To
define an area as a suitable for the construction of a
biogas plant should be assessed the feasibility of the
heat and the ability to supply electricity to the
electricity supply network. Transport of heat is related
to the intensive cost and unavoidable energy losses.
For this reason, an installation for biogas production
must be distance less than 1000 m from the heat
consumers.

Step 3: Criteria for selecting a suitable location to
build a site

The third step is to determine the correct place
suitable for the site on which to be building a biogas
plant. Suitable areas may be those areas upon which
can be placed all the different systems of equipment
(fomenters, storage space, co-generators, etc.), while
the process takes place at a technical and legal
favorable terms (to have available enough space and /
or to have better access to important traffic junction).

A Notional site:

To be able to locate all the facilities of the biogas
plant (digester gas holder, co-generator additional
devices) is needed enough space. Plant generating
500 kW electric powers occupies an area of 4000 m 2.
If the raw materials that will be lodged for processing,
will be wastes from agriculture (e.g. maize) is need
additional area of 5400 m 2, on which to placed storage
space for harvested crops. In case that the starting
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substrate is low calorie (e.g. slurries), the volume of
the storage has to be even greater - thus requiring
even larger area.

Construction of storage for primary biomass provides
the implementation of year-round biomass supply process
into the installation.

In case that the obtained digestate will be used as
fertilizer in agriculture, it is necessary to construct one
extra storage facility. In many countries, digestate is
supplied only during the summer season. In this case
must be built storage for winter. To build this type of
storage equipment, to plant with electric power 500 kW,
need additional space of 4,000 m?2.

A Roads Links

Biogas production plant usually supplied at regular
intervals with large portions biomass. Therefore, the
fermented mixture is also drained continuously in large
amounts and has to be transported at certain intervals of
time. For this reason, near the installation must have
access to convenient transportation facilities.

A Site characteristics

It is recommended sites of biogas plants to be built in
place of old, unusable at present industrial sites rather
than green agricultural fields, as so as natural landscape
will be the least damaged. Before approach the building
itself, must make sure that the soil characteristics in the
area that we chosen are suitable for the construction of
the site.

Step 4: Consideration of some specific characteristics
in the implementation of biogas projects

The last step is to point out important facts that should
be taken into account when implementing the biogas
project. For example you have to mobilize various
institutions to obtain political and administrative support
and gain public approval for the project.

Step 1:
Selection of the
region

Step 2:
Selection of the
neighbourhood

Step 3:
Selection of the site

Fig. 1 - Methodology for site selection/f j stsSH s dzise d W
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A Need for political support and trained staff

Construction of a biogas plant is mainly politically
oriented because renewable energy sources have an
important place in the public and societal climate. The
economic success of a biogas plant depends on the
annual production of biogas and is achieved with help of
experienced persons managing the installation. In some
plants the annual energy output could increase by over
25%, but only if the maintenance and operation of the
facility shall be organized and guided by narrow
specialists [7].

A Provision experts

Many national and European programs provide
training opportunity for operators of existing or future
installations for biogas production.

A Examples of different types of biogas plants

European biogas plants processed mainly agricultural,
industrial and communal waste. In addition, plants can be
supply with energy crops, but only in countries in which
there are special funding schemes, such as in Germany
[1, 7].

The produced biogas is typically used for combined
heat and power (cogeneration, CHP) or just for heating
purposes. The first plant built in Austria, Germany,
Sweden and Switzerland, utilizing biogas to biomethane.
Biomethane can be used as vehicle fuel or be fed into the
national gas grid. In future perspective, biogas production
will increase significantly and it will be traded as a very
valuable fuel (when put to the national gas grid after a
purification step or liquefaction, storage and relevant
future use).

Since the spectrum of biogas production is quite wide,
it is difficult to determine the standard design of a biogas
plant. Therefore is considered three different examples of
plants for biogas production.

Example 1: Installation for processing manure from
livestock farms, which biogas productions is used for
heating purposes.

The smallest type biogas plant processes only manure
and the derived biogas is used for heating. Loading
capacity varies from 40 to 80 animal units. The technology
of this type of installation is simple and easy to implement
and maintain.

The basic idea is the flow of manure to fall directly of
the stall in the digester (without using a pumps), and thus
- in the storage. The feed treatment temperature in
digester mixture must be higher than 37° C, after which
the mixture was stirred. Usually the time required to
continue stirring is from 3 to 8 minutes /per hour,
depending on the impurity manure content in a fermenter.

Produced biogas subsequently passes through the gas
pipeline, made of stainless steel, and then falls in the gas
bubble, which is stored under low pressure. Before the
gas can be supplied for combustion in a modified burner
pressure should be increased by using the lateral channel
ventilator.

Biogas plant for 50 animal units produce about 62.4 m
3 of biogas per day (with a methane content about 63%),
which corresponds to 2.6 m 3 / h, constant power of
combustion is 15.6 kW.

Example 2: CHP biogas plant for industrial and
communal waste

Significant problem in biogas plants using industrial or
communal wastes are inorganic substances that fall for
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processing along with biodegradable waste. The most
common ones are plastic bags, glass, metals and bone;
these components should be removed before
fermentation process [1, 7].

Example 3: Cogeneration biogas plant, using energy
crops for biogas production

Large part of biogas plants, especially those in
Germany, is loaded with corn silage. Plant has an electric
power of 500 kW should be filled at least 31 tons of maize
silage per day, which equates to the same amount of
manure. The silage maize degrades biologically in
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Fig. 3 - Block diagram representing mass balance of a biogas plant for corn silage, disposing of the electric power of 500 kw /
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GENERAL GUIDELINES

During the planned building biogas plant it is necessary
to provide for a sufficient amount of biomass which will
load for processing. Initially need to assess how much
biogas will be received, depending on the raw material.
Second step is to determine the biogas plant capacity [1,
2, 8].

In the field of biomass or its utilization as stakeholders
can be defined: mayors and other public officials in
municipalities; businessmen; farmers and farm

dLtsBtcOL W9 O O dBOMtse
Bsh dsfls sl
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associations; purchase and sellers of biomass.

Achieve economic effect, depending on the size of the
plant.

Economic impact of a biogas production can be
achieved only in certain proportions of installations. In the
majority of economical surveys in larger installations can
be noticed a tendency of the initial decline of the specific
investments, up to a point, after which is observe a new
increase. At the moment, the most cost-effective plants are
those that have power outputs of 300 and 700 kW. The
small plants (eg. Those on farms) pose less investment
risk (but also have less profit) as they are designed
according to the raw materials available to the plant
operator.

On the other hand, the larger is a plant, the higher is a
ri sk present i n tduppliep't However,s
the potential profit of such a system could attract more
investors.

- -In least 80% supply of the required biomass must be
signed long-term contracts that ensure the delivery of
the remaining material (if the operator does not have
its own resources);

- The total potential biomass on farms in the region
should be constant and superior in quantity of raw
materials that will be needed for biogas production,
according to a factor 4.

In case that the raw materials will be supplied from
the stock exchange of wastes and / or for energy crops,
the distance between two biogas plants (or biogas
projects) should be at least 30 km. Otherwise, will
inevitably lead to trade conflicts with the process
Aibi omasso.supply
Utilization of digestate

The amount of secondary digestate highly dependent
on the type of raw material, submitted for processing in the
digester. The smaller biogas production is accompanied by
a larger amount of digestate. Feature characteristic in the
process of converting a dry organic matter into biogas is to
reduce the volume of the fermented substrate, in contrast
of increasing their specific gravity.

Possibility of using secondary, organic biomass as
fertilizer to maintain and improve soil fertility [2, 5].

Generally, the digestate has good fertilising ability
(high viscosity, highly mineralized properties, a high
nitrogen  content, significantly  better  soil-plant
compatibility, lack of odor, low content of weed seeds
and pathogens). Do not observe restrictions regarding
hygiene or side emptied substances in digestate coming
from animal excrement, energy crops or other
agricultural organic wastes. In case that will be used
processing biomass to be spreading directly onto the
soil surface, must respect some European and national
legal norms concerning nutrients contained (mainly
nitrogen and phosphorus). In most European countries
the permissible amount of nitrogen in the digestate /
secondary organic waste / from animal origin is 170 kg /
ha *. This norm should be followed in case that organic
fertilizer will be spreading directly on soil surface.

In order to maintain soil balance and according to the
requirements of the Nitrates Directive, the use of fertilizers
in some of the winter months is prohibited. It should be
borne in mind that the time provided for the storage (which
is at least 6 months), will affect the quality of the manure
(in particular to so-called vulnerable nitrogen zone with
high activity).
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Opportunity for realisation of produced electric energy

When preparing an assessment of the feasibility of
electricity, should be analyzed in advance some important
technical and legal aspects [1, 8]:

In many countries there is existing support schemes for
selling of produced electricity from renewable energy
sources. Therefore, from an economic perspective, it is
more advantageous obtained energy from biogas
production to be implemented entirely on the grid (at high
prices), then the electricity necessary to maintain the
energy requirements of the plant to be purchased from it
(to lower prices).

Legal aspects-the electricity sale in Europe is subject to
certain legal restrictions. In selection of a suitable place to
build a site is important to determine whether in that
country is a system that encourages independent power
producers (IPPs).

The ability to sell the generated heat is defined as vital
to economic prosperity and ecological balance of the
biogas plant. Choosing the site for biogas plant
construction should be depending on the potential use of
heat. The biogas plant with an installed electric capacity
of 500 kW has a usable heat to 600 kW (flow temperature
in the cooling cycle CHP plants - 80 C). During the
summer season entire heat could be sold, while in the
winter a third of that heat is required to maintain the
operating temperature of the fermenter. This means
during the winter only 400 kW heat may be used for other
purposes.

Acknowledgements. The authors express their high
appreciation to the Bulgarian National Science Fund for its
financi al support t ol t@e3 |
27.11.2012¢

REFERENCES

[1]. Volk S.M., Kolev N., Garvanska S., Ofiteru A., Adamescu
M., Bodescu F., Seadi AL.T. (2008) - The biogas Market in
Southen and Eastern Europe: Promoting Biogas byNon-
technical Activities, Proceeding of the 16" European
Biomass Conference and Exhibition,Valencia, Spain; ISBN
978-88-89407-58-1;

[2]. Marinova S., Banov M. (2002) - The Waste management
in Bulgaria and strategy for the future, International
seminar, Netherlands;

[3]. Marinova S., Dikova R. (2004) - Organic farming and
environmental protection in Bulgaria, dJournal of Balkan
Ecology, Vol N2. p. 135-139;

[4]. Marinova S., Dosev N. (1990) - Problems of
cleaning, storage and use of fertilizer in industrial
breeding of ruminantsm, Agricultural science, XXVIII, No
1, 87-93;

[5]. Marinova S. (2007-2010) - Project 52. Technologies
using waste from households, industry and agriculture in
practice, Archive of Agricultural Academy;

[6]. Marinova S., et al., (2007-2011) - Project BiG>East
Biogas for Eastern Europe;

[7]. Simeonov |., Mihaylova Sn., Kalchev B., Chorukova E.
& Marinova Sv. (2012) - Study on the Anaerobic Co-
Digestion of Wasted Fruits and Vegetables, 5"
International Scientific Conference on Water, Climate and
Environment Balwois 2012, Ohrid, Republic of Macedonia;

75

[SB:IN H 2013
1L ditsydasfyls L O tej OdzdL Oydw dz© fte
lted dLetslsowdzg ByjdzcoO LO ol

20 jdzj Clstedyd Mo s, zd b OO § P
d2v" Ctsd o Oxded Isjrdeduj MSdilsy d
] d@Rdzsets HI ey Ood dd&3OG Hj2Mise
ftlesHOYBOISO dzO0 jdzj CIstedyd M& O
ol LsBdztsow jdsd Jdzjtecd2ded dL sty
sls dEsdsidul HEO®, ddzicHdi@etsls tf s d
BdtscOLtsots ftesdL otsHMmlsats | dgj teo
20 jdzj Sbteduj M OBPMBC N QJ dadep
Jdzj Slstedud Mo sists dzj 5B R 5H J dBts
ey Hd dz0 ddamlsOdzOydwisO -ez@m g
1 OC sdzso d 1 PHEH QsEOISO dzO0 | dzj ¢
4 BBjSCls d© dLojMmisded L OCtsdase
fBHABHWh S dWMmMists LO dLEKLOYHOd
Elssyded HOdzd ddBBO Hj2flse O O Mmdfr
lesdLosHdlsj dd d@ (odzinsdsdss j(s\d
17 L sy desflslsO L O fesSHOYBO ¢«
jdzj eedw M ®GftejHjdv COIss xdI
sy jtedisjils d JjStsdtseduyddy BC
HS9 Olsj dzdas, (dztsh OHECOIO LO d

® HO M dqLBdKLO ©® L O dMmdds
dZ0 ftesdLojH]jdOISO Istsif dzd dzdzO | dai
Jdz. dishdesfmls tsls 500 €1 OO, tC
Jdzjeedw Hts 600 C€1OLO (Isjdfjt
ydSi dzc gz @O V1 tej L dzj Isddvw MJ
ssfdzddz© Bd dBscdkzs HO M (ot
B Mduyd JjHAdZO It lsO tsls Y BHEG I &
0 sfjttoydtsddzOlsO Isj i3 j tOlskzts
sL dz0y0Oe O, ud ftojlL LddBOIsO

jdgedY BscOls HO M dLftsdzL 9 Ol

1 ZOc sH Ot igisEdIs |

T & o
S8

dLSOL9OIs @

@O 1 dze OteMCdw | OydtsdeOdzj dz W ts¢
LO WddOdtse OO Mg §sHCtff @/
3 Jv 27.11.2012¢

JrRupt dvut ¢

[1]. 1 sdz¢ ©. sfdzjpOtgo.ORNHODO]Isj .k
OHOBINGA IsH j MC.Z tAADTH(EDPO8)T 1 OL Otgsl
Bdse OL 9 dyd© d RLIstsYydzO
BdBSGOL Ols jsdsdzddgii MSd HJ2desfmisd ©
[otetsf j 2MC OO Cwd j toj dzydw L
] Odzj dzipd W, 19BK §76-88{89407-58-1;

[2].f Oted dzts.01GD d&EdIn(2002)1 4 ] Hih O Mists:
EftcOodzj dzgdj dz© slsf OHI ydilsj o
fni &3 dzOte, mMmisdzOdzH d Vv ;

Bl | Oted dztsa,0r d & 59.0(2004) i [ te & Odac
LiBiHijdd d LOMdIO dO € 5¢
g dMOded PO @S j € 5 dztIB5f1B9; B tc.
[4]. | Oted dztso, @ sfj o (1990) i } etsB dzj o8
fsydflse Odzj, i AteOdzjdedj d ¢
fes®dh dzj dets slcdzj y HOdzj  dzO
#j &z € tsMis s O defy SXBVIIZAIAAEED-93. ¢ tSH .
[5]. § Oted dzts.o(@DO7-8010) - } tet€ 62, & j 7 dats dzts «
dLYtsdzL 98 Odzj dz2O0 s OHI ydlsj tslgf
i dzmC sists  Misdstf Odian lsde® & § dzf¢ sls
6]. f Oted dzts.od® H{BO07-2011)7 ) tets§ § Isr 2fiyp
1dseOL L O dLItsydzO [otetst O;
[7]. & d d3j sdatsp d RO? dzts, g5 @zOwY j.,0Y BIBC 5
[.f Otced detso(ZW12pi RL ZYyOo Odzj dO ©
Gjdzj sOydw s slsfOHI yd sl
550 i Y HEZdOKGEH O dOkzyd® & da



INTERNATIONAL SYMPOSIUM

[8]. State Journal 112 (2004) - Regulation on Ways of
Utilization of Sludge from Wastewater Treatment through
its Use in Agriculture (in Bulgarian), State Journal 112 from
23. 12. 2004;

[9]. Seady T. et. al. (2009) - Biogas guidance, Big east
Biogaz for Eastern Europe.

76

1SB:INIILTEH 2013
d JSBdzdOd MjHO. 1 0dets2fm, [
[Bl.r1 e Oojdz oj @G OLJABO L !
ZOUd @O sdzL slso steW o Odzgj dzO klIsC
dz0 slsf OHI ydad o tsHd Ytej L

L &3 Hjdzd jristiey Oo § dz aisjisn [2d2gd004;11c
[O]. #lsj HTJd H(@O09) -1 ds6 OL dzOtel 1
1 deg2Mfls, 1 dtseOL LO. dL IstsydzO |



INTERNATIONAL SYMPOSIUM

1SB-INIETEH 2013

COMPARATIVE ASSESSMENT OF SLUDGE FROM DIFFERENT PLACES OF TREATMENT IN
WASTEWATER PLANT IN SOFIA REGARD TO THEIR USE IN AGRICULTURE
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Abstract: The development of technological versions for
usage sludge as a means of maintenance and increase of
soil fertility and restoration of the worsened balance of the
organic substance in the soil, requires to be determined its
characteristics and to be done agro-ecological
assessment of its impact. The research objective is to
determine agro-chemical and chemical characteristics and
the content of organic polluters of the sludge originated
from different plase of the Sofia City Wastewater
Treatment Station (SCWWTS). The achieved results
show, as follows:

- The studied sludge originated from the SCWWTS is
heterogeneous biomass, rich of organics and
components of chemical elements, which are
nourishing for the plants. Its content is similar to
nitrogen-phosphorus fertilizer and it is an opportunity to
be used in agriculture. The content of heavy metals is
below the maximum permissible concentration;

- The organics is assessed as high biological potential
related to its transformation into humus; The proportion
carbon to nitrogen shows great heterogeneity of the
studied sludge and for preliminary process of formation
of humus;

- The sustainable organic polluters of sludge originated from
the band filter press are bellowing the maximum permissible
concentration which is indicated in the Ordinance.

Key words: wastewater treatment station, sludge,
fertilizer
INTRODUCTION

Intensive use of chemicals distorts the balance of
organic matter in the soil and affects physical and
chemical properties. To maintain and improve soil
fertility should be introduce periodically organic
fertilizers.

Annually in our country are produce about 20-24
million tones of organic matter, which is insufficient to
meet the needs of the soils from organic matter. It is
necessary to look for reserves. Such reserves are the
sludge, which are obtained by biological treatment of
wastewater from households, industry and agriculture.

In recent years, have built and went into use more
than 70 stations for artificial biological treatment of
household waters. In organic purification, large
amounts of sludgeébés accumu
make it difficult their functioning and pollute the
environment.

In order to develop technological solutions for sludge
utilization in practice, it is necessary to determine their
characteristics and make the environmental assessment.

The aim of the study is to establish agro-chemical
and chemical characteristics of sludge from different
locations in Sofia wastewater treatment plant, in order to
use in agriculture.

MATERIAL AND METHOD

General technological scheme of an urban wastewater
treatment plant for mixed wastewater is shown in Figure
1. It includes:

Mechanical treatment, or it is the first step, to remove
the rough, large contaminants from the water and
suspended into it particles. The main equipment of the
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Technological line of biological treatment includes Ujndzsdzse d ydzOls O dzddedw dz©@ B
aeration tanks /AT / with depth up to 6 m, in which is 9aCdzt yo ©: BdBBOMj22ded /1 1/ My

carries out biological wastewater treatment with activated
sludge /AS/. Secondary radial settling tanks / SRST / which
have an effect on water purification treatment nearly 70%.
A part of the activated sludge, about 50% is returned by
pumping into the activated sludge tank to maintain the
microbiological process and the excess sludge is removed
for compaction, wherein is treated with chemical reagents
for reducing the moisture in the sludge with mechanical
dewatering filter presses or centrifuges and stabilization of
slug.

After extensive standing of slug (12 + 18 months),
sediments are decontaminated and could be used if they
meet the requirements of the legislation.

Sludge resulting from the treatment of wastewater is
subjected to stabilization and decontamination to
prevent the spread of pathogens and reducing
unpleasant odors.

Methane tanks are enclosed facilities of reinforced
concrete or plastic with a conical bottom and hermetic
coverage. They do anaerobic stabilization of sludge
production and those of the primary settling tanks.

Under methane stabilization of sludge are released carbon
dioxide, methane, hydrogen sulfide, hydrogen and oxygen.

Urban purifying stations for wastewater produce
different types of sediments. Their classification is based
on the origin, possessing qualities and properties,
adopted methods of treatment and places of their release
[10, 11].

Have been taken for analysis and evaluation the
primary sludge from primary settling tanks, secondary
sludge from secondary sedimentation tanks, dewatered
sludge mixed tape of filter presses, stayed mixed sludge
band filter presses, sediment input of methane tank and
sludge stayed more than 1 year. Sediments were
analyzed for main macro and micronutrients, heavy
metals, organic matter and organic pollutants content in
accordance with the Regulation on
the use of sludge in agriculture.

Following methods were used for analysis [2]:
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- Determination of the reaction of the medium / pH / b
BS EN 12176:2000;

- Determination of dry residue and water content b B
EN 12880:2003;

- Determination of total organic carbon b BS
13137:2005;

- Determination of total nitrogenb BS | SO 11

- Determination of mineral nitrogen forms: ammonium /
NH4 +-N / and nitrate / NO3 - N/ N b
14255:2002;

- Definition of mobile for
ISO 11263:2002;
- Determination of rolling potassium / K

determination is carried out by methods of M.Milcheva
used in ISSAPP "N.Pushkarov.";

-  Determination of the solubility of sulfur / S / as
sul phate /-12mM% /| b VM

- Determination of total phosphorus content / P /
potassium / K / calcium / Ca / Magnesium / Mg /,
heavy metals b cadmium /
Ni /, copper / Cu/ zZn/ Zn /, Pb / Pb / mercury / Hg /
arsenic and [13346 2000, \i-1B2807;E

- Determination of persistent organic compounds / POPs /,

- Determination of polycyclic aromatic hydrocarbons /
PAB / b BS I SO 17993:2003

- Determination of polychlorinated biphenyls /P CB S
BS ISO / CDIS 10382:2002;
Detection and identification of

indicators:

- Disputes sulfitredutsirashti
26461-2:2004;

- E. coliand coli-forms bacteria

microbiological
anaerobes b BS
b BS E N-1:20840

RESULTS

The sediments contain significant amounts of organic
and mineral matter. They are characterized by variable
composition, which is amended in the process of their
treatment /4/.

The chemical composition influences the dewatering
characteristics of the sludge, the processes of biological
stabilization and their utilization for agriculture and land
restoration.

Research results for heavy metals in sediments from
different treatment locations have found that the reported
values were below the concentration limits as required by
the Ordinance on the use of sludge through its use in
agriculture (Table 1). The highest values were observed in
the sediment at the inlet of methane tank, probably due to
mixing of the two streams of primary and secondary
sludge.

The presence of increased levels of heavy metals
cadmium, copper, nickel, lead, zinc, chromium, mercury
and arsenic may hinder or stop the biological processes
necessary for stabilization and disinfection of sludge.
When using sludge for agricultural purposes, these
elements can disrupt and delay the mineralization of
organic matter, transformation and redistribution of
nutritious elements. Receipt of cadmium in the body of
mammals and human /mainly in soft tissues and
stomach / is determined as a particularly hazardous, as
there is semi extraction period by body 20 + 30 years
[5].

Application of sewage with high content of heavy
metals in soils should be avoided because these elements
under certain conditions can accumulate in plants and
move along the food chain into body of animals and
humans, creating a danger for their health.

Mineral content of the sludge is characterized by a
large variety of elements, located principally in salts or
ionic forms of hydroxides and oxides. The main nutrients
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INTERNATIONAL SYMPOSIUM

for plants are nitrogen, phosphorus, potassium, magnesium,
calcium and sulfur [2].

Our investigations of the essential nutritional
components for plants showed that the highest content of
total nitrogen was observed in the secondary sludge and
those at the input of methane tank / 4.81% and 4.93% /.
The content of total nitrogen is at least in the primary
sludge / 0.50% / and in sludge stayed more than 1 year /
0.79%/. Similar are the results for total phosphorus and
potassium. This is likely due to the specificity of their
formation process at of the STP and atmospheric losses
during storage. The reaction of the medium is neutral to
slightly acidic in the primary sludge.

Stabilizing Sludge treatment, changing the chemical
composition and usually reduces their fertilizing amount
[4].

Relevant to the needs of agriculture are chemical forms
of nitrogen. They are defined as organic or mineral. Under
the influence of biochemical processes, the organic
nitrogen in sediments partially passes into plant
absorbable mineral form. Mineral nitrogen in sediments is
about 1% of the total. Plant absorbable forms of nitrogen
are ammonium (NH4 +) and nitrate (NO3-) salts.
Concentration of nitrogen / NO3-N / sediments is low and
is not determinative for purposes related to the utilization of
sludge. Ammonium nitrogen / NH4 +-N / in the secondary
sludge and sediment at the entrance of the methane tank
have the highest values and its contents stay decreased in
the sediments of the slug. Depending on the duration of
drying, ammonium nitrogen reaches values lower than the
one [7]. Investigations indicate that by increasing the
amount of absolutely dry matter reduces the content of
ammonia nitrogen in the sludge.

In the utilization of sludge for agricultural purposes if
there not be other restraints, especially the presence of
heavy metals in concentrations above the limit / MAC / and
pathogens, the rate of fertilization is determined by the
total nitrogen content in the sludge.

In sediments around two-thirds (2/3) of the phosphor is
in organic form, the content is subjected to fluctuations and
have different accessibility for plants [4].

Usually total phosphorus content is between 1 + 2 to
4% of the absolutely dry matter in the sludge and is
affected by the process of sludge drying. In secondary
sludge and those at the input of methane tank the total
phosphorus content is highest compared to other
sediments. In digesting suspensions of mud seals the
amount of total phosphorus decreases during the drying
and sludge stabilization on the field [4, 5].

In the utilization of sludge for agricultural purposes in
year of introduction into the soil, the phosphorus (P) plant
absorbed is 50% of its total content in the sediment and
does not depend on the outcome formation [5]. Our
research is confirming these values.

The content of potassium (K) is very low - less than
1%, often around 0.2% of the absolutely dry matter in the
sludge. Low concentrations of potassium relate to
increasing solubility of the potassium salts which are
remain into released water use for treatment of sludge.

The magnesium content is about 1 to 3% of the
absolutely dry matter in the sludge and is easily absorbed
by plant, if the sludge is used in agriculture as a fertilizer
[7]. Measured values of the studied sediments found
highest levels of magnesium again for the sludge that is at
the entrance of the methane tank.

Sludge produced by wastewater treatment are further
enriched with calcium, because in the process of their
treatment, sealing, conditioning, mechanical dewatering
and disinfection to sediment suspension are added
reagents in the form of lime - calcium hydroxide / Ca (OH)
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INTERNATIONAL SYMPOSIUM

2 [ and calcium oxide / CaO /.

The calcium content is generally highest in sediments
from filter press, followed by digesting slurries of mud seals
and significantly decreased in the sediments staying in
slug, the lowest calcium content is in the sludge standing
12 months at the field [3, 4].

Our studies do not confirm this view the lowest
concentration of potassium is established in sludge
standing more than 1 year at the slug.

The content of the total sulfur (S) [22] in the dewatered
and dried sludge is about 2% of absolute dry matter,
between 1 to 27% of them are in the inorganic form, as
sulfate (SO4) and less frequently as sulphide (S2-). The
obtained values for sulphate sulfur are not in high
concentrations.

Microelements contained in the sludge such as copper,
manganese, zinc, selenium, boron, molybdenum etc., in
small amounts and low concentrations are required by
plants.

The toxic effect of manganese occurs at higher
concentrations, while copper and zinc, before reaching a
danger to humans and animals concentrations, particularly
sensitive is a vegetable crops, better resistance have
grassy species. These chemical elements cause chlorosis
and strongly suppress the growth of plants.

Microelements molybdenum, cobalt and selenium
rarely accumulate to toxic levels in sediments obtained
from the treatment of domestic wastewater.

In sludge are contained toxic elements not requiring
from plants such as cadmium, lead, mercury and arsenic.
These elements, under certain conditions, can
accumulate in plants and to be transfer and accumulate
in the trophic chain, creating a health risk to humans and
animals. This severely limits the use of sludge for
agriculture [1, 4]. As mentioned above, the different
heavy metals at the indicated in Table. 1 sediments are
below MAC and not represent any danger of using this
sludge in practice.

Chemical - Organic compounds are substances that
above the limit concentrations / MAC / are hazardous to
the health of animals and humans. These are organic
chlorine compounds, polychlorinated biphenyls, polycyclic
aromatic  hydrocarbons, petroleum  hydrocarbons,
phenols, etc. They are characterized by high toxicity.
Most of them are poorly soluble or insoluble in water.
Some of them, such as phenols are narcotic with
neurotropic effect. Petroleum hydrocarbons have different
bioaccumulation in living organisms. Low molecular
weight (light) fraction having high solubility and enter in to
the body at a molecular level, they are highly toxic. From
the high molecular fraction more toxic are aromatic
petroleum hydrocarbons, they are water-insoluble, high
lipophilicity / dissolve in fats and fatty tissues in the body
of humans and animals / and they are transmitted in food
chain [11].

The organic composition of the sludge is characterized
by a large variety. Along with household organics passed
into wastewater in this composition, even with a small
mass fraction, also takes part organohimichni compounds.
Most of them are toxic and is classified as pollutants. The
identification of sediments is facing a number of difficulties
(Table 2).

Sometimes in sediments presents persistent organic
pollutants / POPs / in quantities above limit values / MAC
/, but their identification is difficult due to the low
threshold of detection and availability of equipment for
this purpose. These are chlorine-organic compounds,
polychlorinated biphenyls / PCBS [/ and polycyclic
aromatic hydrocarbons / PAB /. They are lipophilic and
highly toxic substances accumulate in the fatty and
connective tissue of animals and plants, transmitted to a
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INTERNATIONAL SYMPOSIUM

food chain and humans took them in concentrated
amounts. Typical of persistent chlorinated organic
compounds is that they are stored for long periods in the
soil and may enter into the food product. They
accumulate in the body of animals and humans, but do
not decompose; the only way to remove it is through
breast milk. They have slowed carcinogenic and
mutagenic effects [9]. The research results of organic
pollutants from sludge after band filter presses show that
the wvalues of polyaromatic hydrocarbon and
polychlorinated bifnili are under MAC (Table 2).

Once in soil, organ chemical compounds are adsorbed
by the solid particles in the soil solution. Adsorbed
molecules leave the surface of mineral (clay) and organic
(humic substances) colloidal particles are distributed in the
soil compartment / a process of desorption and diffusion in
soil / is performed exchange between ions and organ
chemical compounds undergo chemical and biochemical
transformations. Under favorable environmental conditions
/ humidity, presence of microorganisms, organic matter
content / biochemical degradation processes proceed
more intensively, carried out gradual degradation of
substances and mineralization of organic substances in the
soil solution.

Part of organ chemical compounds can migrate into
the depth of the soil profile or accumulate on the border
between the solid particles and soil solution and be
exported with runoff into the environment [5]. Another
part of them can be returned to the environment as a
result of climatic conditions: wind speed / process of
blowing / air temperature and relative humidity /
processes of evaporation / in which can enter in a variety
of interfacing with other substances present in the same
environment and move to safe or form other hazardous
substances [3].

Total organic content of the sediments is expressed as
a percentage by weight of total solids of the sludge and
their basic characteristics.

Organi c c ar b o nganfc@attertsontaimed in
sediments predominant element is carbon (C). In a
carbohydrate it is 40 + 45%, in the fat - 70 + 75%. In
proteins the carbon (C) is between 40 + 55% and the
organic nitrogen (N) at 15 + 18%. In primary sludge
proteins are about 25%, while in the excess sludge is
containing 50% protein, 20% fat and up to 8%
carbohydrates. In fresh sludge resulting from the treatment
of domestic wastewater, the total organic content is
different. In primary sludge, it is about 55 + 65% in
secondary, about 65 + 75% and the mixed sludge about 60
+ 70% [10]. When sludge staying in slug, a process of
biodegradation of organic and stabilized sludge total
organic content in them decreases [11]. Our studies of
organic carbon showed approximately equal amounts with
the exception of mixed sludge and this stayed more than 1
year.

In the organic substance contains the main part of
the nitrogen in the sludge. To be absorbed by plant
organic nitrogen must pass in mineral form in the form of
nitrate / NO3-/, nitrite / NO2-/ and ammonium / NH4 + /
ions. Mineralization is a process through which the
organic nitrogen in the sludge is converted into mineral.
It takes place in two stages - ammonification and
nitrification.

In Table 1 the content of dry matter in differents | u d
varies from 0.90 to 66.96%. In dewatered mixed sludge on
band filter presses, in standing mixed sludge from the filter
and sludge stay more than one year are with a higher dry
matter content. It defines them as biomass, which is fit for
transport and spreading with mobile transport The
remaining sludge are liquid consistency and can be
transported and spread with tanks, if they satisfy the
requirements of the legislation. Values of nutritious
macroelements- nitrogen, phosphorus and potassium
show t hat sl udgeds having
properties. They can be used as fertilizer source to enrich
the soil with organic matter. The content of heavy metals in

82

1SB-INIETEH 2013

s 6d fi5j B30
| H I IZtipis@s Ao e dz
g e Oda"jo Cifsj e tsai to glzof3y

-8 s
FEIO° T O
q_.oa_.o.cz.nm

FRTC
v;)
&
. O

HdzOdzd o f ==up
dieOls s
. dHMtstcB
(6dzd

oL

= = Qg
ral8e 00s

-

=

Bdtsndddydsd
Zz0 Mmtej HOIO /
j dz0 e O
0 dzj i s g :
dzdzts tcOL GtcOY HOdgj dz
def ydeqlsj MmisfisOdayd
_ tslsm dsdgQdiahls j M) j H d dzj dzq
® HI dBtyddz0 dz0 ftsyej dedw
Cte@ yolsO dixHE kol HOISO
i diLda MO
s ® yoOfmls sl
Mej HO o tjLEdsOlIs
[fEsYyjnd O i
Isj dzdzO o dzO»y dztsfyls
HO odzwLOIs 9
O, ftdmi fmise O
dzd ddzd HO tBKOL
to ¢ Odzd Y dzts dz@)i
fetsyj dels g
j d j tMmdsoe
I gdzj etsH ( C)
j, ftcjtsBdzOH
%, Is ®2 3O U AR5
I gdzj tetsHi Is ( C)
15618 %. | j
HSCOIsts o dLdzdhc
% B dzlsi yd dzd,
ftoj Mdzedlsi EklsO2¢
j otsHd, B
J wOLddydsts. 1 fi teoc
j sCBdzs 65

§ERINNGHGHFO =SOFG-IC=Iz o
<OFD IO DOROI @ BN “—F - Q-

0]
SIS
on 20

S o

Is
t®
6
q

)
O 2y
U@m
no
o,

s

§ Suw
on -
T oc
5 %
7o

S &
e O
)
~c 11
&

OFFOnvZEAT

d
Is
9

o ©
e -
ga
R0 QPaNo -F%

d
4
s

©
@
8

¢ 15
i u

o

[ eN)
o8
> .
o ITX

S

56t

[z Bl e S NS T
o

L

o] T
O“—-ﬁ-m“—'m o
8=
\l

©
O PoO®0O00wm

7=
ISR
- @
&
X
[zNO)
juny
go

&
3oz

o=
g_._.
QT
=
aad

PGl 9O dUgLEIT
ngﬁﬁﬁcwwhﬁgww
af

&
W

2}
v}

gEGO==gN =T gQFL
eIve
73
©

TO000 FTOFLO0D-_§FT20000-—

oz o
oG
@ o 11



INTERNATIONAL SYMPOSIUM

them is below those specified in the Regulation on the use
of sludge in agriculture MAC, this means do not require

restrictions on the use of sludge.

Chemical and Agrochemical characterization of sludge from SCWWTS from different locations of treatment/m d d3d ydz©

Oc tetsn d dizd ydzO

i HI dz.d;ls
10&4 L
Is. . dZJ fr]

1S6-IN

H.2013

O Isjiyed oj sOdz
dL§ S kdjondg) dzdigas

dZ.JiSB:tSH disd B¢ Oday

Tablel/uv OB dzdly ©

NOEOCIs | tod filsufSl0u [HO tils OB QLdzdslsdzd di3j Mis O dzO Istej Is d te O dz

) Mixed sludge Sludge atthe | Sludge stayed
Primary Secondary | ,.oiored in filter Stayed entrance of the| more thenl
Indicators / sludge / sludge / la dgj T sludge / methane tank / | year /3 1s ©2 ¢
RdzH S Oltste| | wodud | sstedy| oon tGé)BJ ltjfmissy VEO2C0 | ftojmistsw
ks02¢( kko2¢( Hd~dH I pso2¢d dLABHO | 50 uj
Zls©02¢0 Bl B lsOdz Is G 5 H d dzO
Dry matter/ | 490/490 | 0.90/0,90 41.81/41,81 56.46 /56,46 | 2.96/2,96 66.96 / 66,96
4T 0 &Okjf * ' - ' - ' - ' : ' : '
pH /7 30 553/553 | 7.52/7,52 7.66 /7,66 6.63/ 6,63 7.2217,22 7.3417,34
Organic carbon / 28.61/28,61 | 25.37/25,37 28.08 / 28,08 14.5/14,5 | 30.59/30,59 5.63/5,63
[5G Odaq ioplcg | 286112861 | 2537125, 08128, 5714 59130, G315,

Total 8‘[09,;[‘%]” B" | 050/050 | 481/481 2.7/2,70 114/1,14 | 4937493 0.79/0,79
N-NHas 2352 2419 582 <50 6707 50
N-NOss <50 184 <50 1100 <50 291

Total{ J/B " [90] 19517 41276 8606 17202 51364 3733

Total s / [ B MK [%] 5037 9955 1359 2840 9338 1772

Mobil.{ /f &8 d d2j[d}| 0.11/0,11 2 0.08 /0,08 0.17/0,17 0.31/0,31 0.02/0,02
Mobil.s /,( B d dKj[ddE| 0.17/0,17 | 0.94/0,94 0.10/0,10 0.08/0,08 0.37/0,37 0.05/0,05
%] 49913 25869 17648 43685 92433 42379
Mg % 11202 10387 3146 7670 20199 10001
S-SOus 340 1397 138 8458 199 6971
Pb [mg/kg 97 41 24 77 159 78
Cd [mg/kg 4 3 1 2 6 1
Cu [mg/kg 497 308 114 297 778 179
Ni [mg/kg 41 41 10 25 85 24
Cr [mg/kg 83 95 22 57 174 35
Zn [mg/kg 1545 947 385 894 2587 261
As [mg/kg 13 <5 <5 8 <5 <5
Hg [mg/kg] <l <1l <1l <1l <1 <1
Table2/v Ofdg © 2
Content of POPs in sediments from band filterpresses in mg / kg dry matter polycyclic aromatic hydrocarbons / & I Hi te >1 (O] dzd
20 kfmlss2yded tcOdduded L Od whdljdd o EsO2¢d Bl dj dstsso dlsj

§ sdzd yd < dzd wded OYBBdsOlSdZCf

9l cdzj atsHiSteSH

INDICATORS/R dzH d € Ols tstg

ISample/1 i tco O  tf lISample/] ststc @ 1

naphthalene 0.12/0,12 0.11/0,11
acenaphthene 0.022 /0,022 <0.20 /0,020
acenaphthylene 0.021/0,021 0.02 /0,02
fluorine 0.05/0,05 <0.20 /0,020
phenanthrene 0.16/0,16 0.15/0,15
fluoranthene 0.12/0,12 0.14 /0,14
heather 0.16/0,16 0.17/0,17
anthracene 0.028 /0,028 -
Benzo / a / anthracene + crisis 0.024 /0,024 0.12 /0,12
Benzo / a/ pyrene <0.010/0,010 0.05 /0,05
Benzo / b + k / fluoranthene <0.010/0,010 0.07 /0,07
Benzo / a/ pyrene <0.010/0,010 0.10/0,10
Indeno / 1, 2, 3 cd / pyrene <0.010/0,010 0.07 /0,07
Dibenzo / a, h / / Anthracene <0.010/0,010 <0.020/0,020
Benzo / d, h / Detergent <0.010/0,010 0.10/0,10
MAC 6.5/6,5 6.5/6,5
Polychlorinated biphenyls /1 tsdzd m dztste  tc O dzd [BGQB¥]J dzd dzd
Indicators /I1dzH d € Olss] ISample/1 1 tco © f tf ISample/] sstc® {

tael 28 0,005 /0,005 <0.003 / <0,003

tael 52 0.027 /0,027 0.014 /0,014

tael 101 0.005 /0,005 0.004 /0,004

tel 105 0.003 /0,003 <0.003 / <0,003

tel 118 0.007 /0,007 0.004 /0,004

{ al 138 0.004 /0,004 0.01/0,01

tel 153 0.007 /0,007 <0.003 / <0,003

{ al 156 <0.002 / <0,002 <0.003 / <0,003

tel 180 <0.002 / <0,002 <0.003 / <0,003

MAC 1 1

Data on the chemical structure and carcinogenic [ Odzdzd Isj L O

potential of organic compounds from the group of Poly
Aromatic Hydrocarbons indicate that they are under the
MAC specified in the Regulation of sediments. This also

1 Oted H
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applies to polychlorinated biphenyls. Sources that mimic
the Poly Aromatic Hydrocarbons in the environment can
be divided into anthropogenic (fixed and mobile) and
natural. Fixed are any building, factory and equipment,
installations which separate one or several persistent
organic pollutants directly or indirectly into the atmosphere.
Mobile sources are vehicles that use gasoline or diesel
fuel.

CONCLUSIONS

Test of SCWWTS sl udgeds
treatment are heterogeneous biomass, rich in organic
compounds and plants nutrition for chemical elements.
Their composition resembles NPK fertilizer and can be
used in agriculture. The content of heavy metals is in
below MAC.

Sustainable organic pollutants in sediments are below
MAC specified in the Regulation and present no danger
when using sludge to maintain and improve soil fertility
and crop yields in practice.

Of the surveyed sediments with the best qualities is
sludge from band filter presses those stayed a long time.
It is necessary to have studied sediment for
microbiological indicators to fully meet the requirements
of the legislation.
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Abstract: Addressing climate change requires two
types of response. Firstly, and importantly, we must
reduce our greenhouse gas emissions (GHG) (i.e. take
mitigation action) and secondary we must apply
adaptation actions to deal with the unavoidable
impacts. In the last 1-2 years the European
Commission has adopted a number of documents
requiring measures to be taken to adapt the agricultural
sector and mitigate the effects of climate change. The
aim of this study was to analyze the structure of the
greenhouse gas emissions from the agricultural sector
in both countries Bulgaria and Romania and to track out
the trend and the opportunity to fulfil their obligations
assumed under the Kyoto Protocol. This is particularly
important for the development of strategies for
mitigation and adaptation of agriculture at local,
regional and national level.

Keywords: greenhouse emissions,
sector agriculture

climate change,

INTRODUCTION

Nowadays, climate change offers a double challenge.
First of all, the severe impacts of climate change can
only be prevented by timely and significant reductions in
greenhouse gas (GHG) emissions. Globally, agricultural
activities emit 58 % of the anthropogenic emissions other
than CO; (84 % of emissions of nitrogen oxides, 47 % of
methane and 14 % of the total anthropogenic emission).
According to the fourth IPCC report, greenhouse gases
(CO2, CH4, N2O, HFCs, PFCs and SF6) have increased
by 70 % (from 28.7 to 49 Gt equivalent CO,) for the
period 1970 i 2004 and by 24 % for the period 1990 i
2004. Total emissions from the agricultural sector have
been increased significantly (27 %). Therefore, the
mitigation is such an imperative for the international
community, so in 2007, the State and Government
leaders of the EU unanimously agreed to reduce
greenhouse gas emissions by at least 20 % till 2020, and
by 30 % in case of conclusion of world-wide and
comprehensive agreement. It was also called for a
reduction world-wide, with up to 50 % by 2050 compared
to 1990 levels [1, 3].

Therefore, the rapid transition to a global low carbon
economy is the main pillar of the integrated EU policy on
climate change and power engineering, to achieve the
goal of EU of limiting the rise in the average global
temperature down to 2°C compared to the pre-
industrialization levels. Upon a change of more than
2°C, the risk of dangerous and unpredictable climate
change increases significantly and the adjustment cost
escalate. Climate change will have a serious impact on
Europedbds natur al environme
society and the economy. Southern Europe and the
Mediterranean are strongly affected due to the
combined effect of the high increases of temperature
and reduced precipitation rates. Addressing climate
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change requires two types of response. Firstly, and
importantly, we must reduce our greenhouse gas
emissions (GHG) (i.e. take mitigation action) and
secondary we must apply adaptation actions to deal with
the unavoidable impacts.

The aim of this study was to analyze the structure of
the greenhouse gas emissions from the agricultural sector
in Bulgaria and Romania and to track out the trend and
the opportunity to fulfil their obligations assumed under the
Protocol. This is particularly important for the development
of strategies for mitigation and adaptation of agriculture at
local, regional and national level.

Climate change and greenhouse gas emissions
Increase of the concentrations of greenhouse gases
(carbon dioxide i CO2, methane i CH4 and nitrous oxides
T N20) has been observed since the end of the 19th
century. According to the Intergovernmental Panel on
Climate Change, the global average temperature of the
land surface has risen by 0.4-0. 8 Au for
years due to the increased concentrations of greenhouse
gases in the atmosphere (CO2 emissions by 29 %, CH4
emissions by 150 % and N»O emissions by 15 %). It is
believed that the continuing increase in the concentration
of greenhouse gases in the atmosphere would result in

future changes in climate and ecosystems, leading to
possible catastrophic changes in living conditions,
economic activites and human health. There is

convincing evidence presented in the Fourth Report of
the Intergovernmental Panel on Climate change (IPCC, 5
February 2007, Paris) [2], the observed changes in the
climate system are significantly faster than these during
the past millennia. Increasingly, Scientists and politicians
agree that the changes are largely due to the increased
level of the greenhouse gasses, being strongly observed
in the 19th century during the Industrial Revolution.
Different computer models predict that the average
gl obal temperature at the
till 2010 if the growth of the GHG emissions continues at
the same rate, which would cause large variations in the
weather parameters with strong impact on the agro
industry and human health [6]. In the event that
emissions are stabilized at level of 445-4 9 0 tetem
are at | evel of 375 ttem i n
task that would require the peak of global emissions of
CO3 to occur in 2015 with subsequent reduction by 50-
85 % till 2050 compared to the level of 2000. This would
limit the temperature increases to 2-2 . 4 Aw . Mc
warming will result from later occurrence of the peak.
Any continuing increase of greenhouse gases could
cause further warming in the 21st century, which will
induce various changes in the global climate system,
even larger than those observed during the past century.
The changes will result in modifications to the amount
and distribution of precipitation in many regions leading
to a strong manifestation of very high temperatures,
drought or floods. Due to the non-linear nature of the
climate impacts and the sensitivity of ecosystems, even
small temperature changes can have severe
consequences.

In the last 1-2 years the European Commission has
adopted a number of documents requiring measures to
be taken to adapt the agricultural sector and mitigate the
effects of climate change: Commission Green Paper on
adapting to climate change in Europe i options for EU
actions (COM, 2007/354); White Paper on Adapting to
climate change - towards a European action framework

( COM, 2009/ 147) as well as
to Climate Change [3]: the Challenge for European
Agriculture and Rur al Al
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Commi ssi on staff wor Ki
European
(SEC 2009/1093) etc. European parliament resolution
on EU agriculture and climate change (2009/2157)
stresses that climate change due to accumulated
greenhouse gases in the past is a scientific finding,
which  could have serious consequences for
ecosystems; agriculture, being one of the economic
activities managing the natural resources for the benefit
of the mankind, is directly affected; that climate change
is one of the most serious environmental threats. For
these reasons two types of activities are required:
mitigation (reducing the greenhouse gas emissions) and
adaptation (to deal with the inevitable consequences).
Therefore, the rapid transition to a global low carbon
economy is the main pillar of the integrated policy on
climate change and energy, to achieve the goal of
limiting the rise in global average temperature below 2
°C with great consequences.

Commission clearly stated that in Southern Europe
agricultural land is in a process of deterioration driven by
the negative interaction between human activity and
climate phenomena (European parliament resolution on
the degradation of agricultural lands in the EU and
especially in Southern Europe i response through the
instruments of EU CAP, 12 March 2009).

Agriculture can be part of the solutions to combat the
climate change in all three main directions 7 reducing its
own emissions; enhancing carbon sequestration in arable
soils; contributing to the production of renewable energy
(p. 3. of the Accompanying working document to the White
Paper of EU, SEC 2009, 417).

In 1997 conference in Kyoto, Japan, the countries
in the UN Framework Convention on Climate Change
agreed not only to stabilize the level of their
emissions, but to reduce them by a certain percentage
during the first commitment period of the Protocol
(2008-2012).

Under the obligations of the States i parties to the
Protocol, they should produce an annual report where
the inventory includes the period from 1990 to two
years before the year in which the report is prepared.
There are six greenhouse gases 1 carbon dioxide
(CO2), methane (CH4), nitrous oxide (N20),
petrofluorocarbons (PFCs), hydrofluorocarbons (HFCs),
sulfur hexafluoride (SF6). Inventory of greenhouse gas
emissions is carried out in generally accepted
methodology, which allows the results to be
comparable in equivalents of CO; [4, 5, 7].

ng

Evaluation of the emissions from the agricultural
sector in the countries of EU and Bulgaria and Romania

A European Union

The European Union (EU), as a party to the United
Nations Framework Convention on Climate Change
(UNFCCC), reports annually on greenhouse gas (GHG)
inventories for the year (ti 2) within the area covered by
its Member States (i.e. domestic emissions taking place
within its territory) [1]. The present inventory also
constitutes the EU 15 submission under the Kyoto
Protocol and covers information and data from Member
States available until 2011. Under the Kyoto Protocol,
the EU 15 took on a common commitment to reduce
emissions by 8 % between 2008 and 2012 compared to
emissions in the base year. The EU 27 does not have a
common target under the Kyoto Protocol in the same
way as the EU 15. In 2010, EU-27 greenhouse gas
emissions increased by 2.4% compared to 2009. This
was due to the return to economic growth in many
countries. The most important sector by far is energy,

Agricul ture in C
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accounting for 79.7 % of total EU 27 emissions in 2010.
The second largest sector is agriculture (9.8 %), followed
by industrial processes (7.3 %). The CO; is the most
significant gas (81,4%), follow by the N2O (8.5%) and
CHa (7.1%). Over the period 1990-2009, total aggregate
GHG emissions excluding emissions/removals from land
use, land-use change and forestry (LULUCF) for all
Annex | Parties decreased by 11.5 per cent, and total
GHG emissions/removals including LULUCF decreased
by 17.6 per cent (Fig 1). For Annex | Parties with
economies in transition (Annex | EIT Parties), GHG
emissions excluding and including LULUCF decreased
by 41.4 percent and 54.4 percent, respectively. For
Annex | non-EIT Parties, GHG emissions excluding
LULUCEF increased by 2.1 per cent and GHG emissions
including LULUCF increased by 0.6 per cent. Information
in this document is based on national GHG inventory [2,
3.

The substantial NO, emission reduction from
Agricultural sectors observed in a lot of EU members
countries (Netherlands -60%; Germany-39%, Belgium-

21%, United Kingdom -16%). This is caused by a
relatively high decreased of N-inputs due to
implementation  Nitrogen Directive, the Common

Agricultural Policy (CAP) and Landfill Waste Directive,
which have also been successful in indirectly reducing the
emissions. Greece reported that the reduction of synthetic
nitrogen fertilizers use is attributed mainly to increase on
the price of fertilizer as well as to increase in organic
farming and to the impact of initiatives to promote good
practice in fertilizer use [2, 3].
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Fig. 1 - GHG emissions from the European Union-27 (total GHG emissions and emissions from agriculture) /
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A Romania. The changes in the Romanian climate
regime are framed within the global context,
considering the regional conditions: the temperature
increase will be more pronounced during the summer,
while in north-western Europe the most pronounced
temperature increase is expected in winter. Taking into
account the estimates presented within the Fourth
IPCC Assessment Report, in Romania it is expected a
increase of the average annual temperature compared
to the 1980-1990 similar to that specific to the whole
Europe, Romania committed itself to reduce the
greenhouse gas (GHG) emissions by 8% comparing to
1989 (base year) levels in the first commitment period
2008-2012 [1].

The most significant anthropogenic greenhouse gas is
the carbon dioxide. Energy represents the most important
sector in Romania, accounting for about 69% of the total
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national GHG emissions in 2008. With the entire economy
in transition, some energy intensive industries reduced
their activities and it is reflected in the GHG emissions
reduction (Proorocu, 2010). The considerable decrease in
emissions compared to the previous years represented
the second largest decrease in percentage terms across
the whole EU.

The Agriculture sector accounted for 13.9% of the
total GHG emissions in 2008, reaching 20,286.76 Gg
CO; equivalent. Within the GHG emissions from the
agriculture sector, the N,O emissions have the largest
contribution (in 2008, N,O emissions contribution is
62.04% to the total ,Aguivalentt
emissions), followed by the CH4 emissions (that account
for the remaining 37.96%). Over the period 19897 2008,
the GHG emissions resulted from agriculture sector
decreased by 49.28%. In case of emissions resulted
from enteric fermentation and manure management, the
descending trend reflects the decrease in animal
population over the period. The rice cultivation
generated in 2008 a significantly reduced emission
compared to the base year 1989 (75.86% decrease
comparing with the base yeg&
emissions decreased in 2008 with almost a half the level
recorded in the base year (-48.8%). In 2008 the country
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A Bulgaria. Bulgaria is situated in the Southeast part of
the Balkan Peninsula. The country has a territory of
110,993.6 sg. km, bordering Greece and Turkey to the
South, FY Republic of Macedonia to the West, Romania to
the North. The climate in Bulgaria is temperate
Continental-Mediterranean. Bulgaria is dominated by
rugged mountains, except for the Danube lowland in the
North that it shares with Romania. Due to the geographical
situation and the varied landscape, the contrasts in the
climate are distinct among regions. The climate is with four
distinctive seasons and varies with altitude and location.
The Black Sea coast features a milder winter as opposed
to the harsher winter conditions in the central north plains.
In the last few years the tendency is towards warmer and
drier climate.
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During 2010 Bulgaria prepared the Fifth National
Communication for greenhouse gas emission inventories.
The emissions for the year 2008 are 42.83 % in
comparison to the base year 1988 and they registered an
decreased by 4.36 % in comparison to the previous year
2007. Emissions decreased sharply in the 1990 in all
sectors, due to the economic restructuring and crises.
They remain relatively stable between 2000 and 2007. In
the Agricultural sector, emissions decreased by over 70%.
The GHG inventory revealed that the overall GHG
emissions expressed in CO; eqv. are 75 792.79 Gg not
taking into account the sequestration in sector Land use
Change and Forestry. The net emissions (including the
sequestration from LUCF) are 68 990.89 Gg. The analysis
show that the CO, emissions form the largest share of 78
% from the overall GHG emissions expressed in CO; eqv.;
the CH4 emissions are second with 15 % and the N2O
emissions with a 7 % share stand in the third place. But we
have to point that the GWP (Global worming potential) of
the N20 is 310 times higher than the GWP of the CO..
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Share of total Bulgarian GHG emission is the very
small part (1.8%) in the all EU-27 emissions. GHG
emissions per capita (7.8 t CO, eqg/capita) are less
than the value of the indicators in EU-27 (4, 6).

GHG emi ssions from sector
production activities during processing of agricultural
products, soil fertilization and animal manure management
and share of 9.6 % from total GHG emissions. GHG
process emissions in secto
the following sub sectors: Enteric fermentation from
domestic livestock; Manure management; Rice cultivation;
Agricultural soils; Field burning of agricultural residues.
The biggest share belongs to the agricultural soils
emissions. It is about 89.02 % in the year 2008 and for the
entire period 1988-2008, the share is in the range 82-89%.
N2O emissions from manure management and the field
burning of agricultural residues are of an order of
magnitude smaller and in total are about 11-18% from
aggregated N>O emissions of the sector. In total, the N>O
emissions, expressed in COjz-eq for 2008, are 2 times
bigger than the C| 4 emissions in CO; eq.
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CONCLUSIONS

Southern Europe and the Mediterranean are strongly
affected in the climate change due to the combined
effect of the high increases of temperature and reduced
precipitation rates. Over the period 198912008, the
GHG emissions resulted from agriculture decreased in
Bulgaria and Romania, due the economic situation
during the transition period. Share of total Bulgarian
GHG emission is the very small part (1.8%) in the all
EU-27 emissions. Usually agriculture sector is the
second contribution of the GHG emissions after the
energy sector. The rapid transition to a global low
carbon economy is the main pillar of the integrated EU
policy on climate change and power engineering, to
achieve the goal of EU of limiting the rise in the average
global temperature down to 2°C.
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COMPARATIVE CHARACTERISTICS AND EVALUATION OF DIGESTATE FROM BIOGAS
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Abstract: Agriculture generates large amounts of [ J L ¥:dgjj dziS sMistsq Odzan ¢ tdstis (ftea@yfls jodz
organic waste. Its management has majority policy ~d AdeElsdase) Hilsets) 64 dy6dEO ¢
priority. Lack of electricity in Bulgaria requires seeking 53'811 g’:slq’lﬂsqo'ts . léiz ng’dtzétsdlzsqtsls qlz q’.tsmogaqdzc; u‘.jzgé
of alterr)ative clegn energy. A great-_untapped reserve _is i dzj c lststscbdzcjﬁft GO 16 o W dz(latézOG o ki t&f
production of biogas from organic waste, which is J S s dzs & d Y dz dajuslchpisy. [Hddz dzj dL
similar to natural gas in composition and properties. tejLjteo |J fosdLotHMmisosslsts dzO B
Anaerobic fermentation of organic waste and biogas Cs2bts s M MisGes d Mots2Mmlsa O |
production lead to formation of secondary biomass }t6d OdzO] esBdOO W jttdsj ddsOydw
(digestate). It is rich in micro.- and macrqnutrients, and ESfc?atsﬁ ggogsqucfl' B E—?é oé&&%&?ﬁ%é& l?jk
can be used as an organic reserve in agricultural fseond sOLd feduddO &sYj HO
practice. In Bulgaria, there are still no built plants for GjLjtes © L jdBjH d;f{r](: OO ?G%DQ 5q S
biogas production, but there are several_ model f esdd" dzj ddanls0dzOydd L0 {§®&fs
systems. In current study we present chemical and gL G tcOH jddds datgtsmtgn dzdzd cfdz.fr]'_‘ls OdzOydd.
agrochemical characteristics of four samples of rddBdudd® d Octesnddidyddd - OLOCIs] !
digestate. It is obtained in model installation for biogas 020 e Odzdyded L O -tdT st rlaf ts dziOdfta]
production using pig manure and fruit wastes. Content qu H t'Gdzdzgzolz fied H 'Sf”g'fg?s" dzclfslsgts %Zgo ‘
of organic pollutants and some sanitary-microbiological %OH f_ i &z dzu,fI?S ggzié&dq q‘ngftgH 1839 Jd & lsl]’B;
indicators are also studied. Best ag_rochemica.l fi slsdash j dzdj . & d202 HBBd O
|nd_|cators have the digestate with ratio of pig manure: Bsh dzOd3 Is, fsdzyj d fted M isdz
fruit waste 70: 30. Mo ddzMC O Istste: SIsf OHI yd 0S80 dztsH
Keywords: organic waste, biogas production, secondary szt ytseo d wlisdgPdzd yded silsf OHI yd
biomass ZO0 BdtscOL, obkttedydz® BdtsdzOMm(
INTRODUCTION I'3ltrreire o
One of the main environmental problems of modern (Hddz Bl tshdse deflsj jCtsdzsedyc
society is generation of large amounts of waste. In many SB" jfets j ¢4 dZJIz tGQ'tG? dzj Ists dZOIZ G
countries, sustainable waste management and its Bhse s HI 83 08 fl.]lS‘S ude st kY
. o . o d BBSKGBOISO LO IkWhdsslsts tej HEZYdU
reduction have majority policy priority. They have an fekdlsdujmMSqd ftdstdlsjls 5j LO
important share of public efforts to reduce overall pollution Efmdddy L O dOKOdkYs O dZJ: ZO st
and mitigate global climate change. Md3sy $ YyOo Odzj dzO G dzsB Odzded Is§ € ¢
Lack of electricity in Bulgaria requires searching for L dHsmisdel s dz0 | dzj € Is @a®aBs 06 d
renewable energy sources. Interest in the production of O oi LtsBdatsow jd3d jdgj e d2dad

biogas from organic waste has intensified in recent years
[1]. Currently, potential raw materials for biogas
production are not used completely. Often they are
processed or disposed improperly, which leads to
pollution of the environment. In Bulgaria, there are still
no built industrial plants for biogas production, but there
are several model installations, which provided samples
for the study [4, 5].

Anaerobic fermentation (AF) is microbiological process
of decomposition of organic matter in the absence of
oxygen and is characteristic of many natural
environments. Nowadays AF is used primarily for
production of biogas in airtight reactor tanks, called
bioreactors. Wide ranges of microorganisms are involved
in the anaerobic process. The main products are biogas
and secondary biomass. Biogas is a combustible gas
containing methane, carbon dioxide and small amounts of
other gases, as well as other elements.

Secondary biomass (digestate) is rich in micro and
macronutrients substrate and can be used as organic
reserve in agricultural practice.

Framing community is interested in the use of digestate
in connection with the lack of organic sources in our
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country, an imbalance of organic matter in Bulgarian soils,
and the presence of large quantities of organic waste
nationwide.

Digestate is a valuable fertilizer rich in nitrogen,
phosphorus, potassium and micronutrients. It can be
imported in the soil with the usual tools for fertilizing with
liquid fertilizer and solutions. Compared to raw manure,
digestate has improved efficiency of fertilization due to its
homogeneity and higher nutritional value, better ratio C: N,
almost no smell, etc.

The paper aim is:

- characterization and evaluation of secondary substrate
(digestate) that is obtained at the output of the model
biogas installation in methane fermentation.

MATERIAL AND METHOD

For implementation of task, it is necessary to make
gualitative assessment of the digestate, depending on
various organic materials that were used as a source for
biogas production. Qualitative assessment includes
chemical and agrochemical characteristics of digestate,
content of organic pollutants, sanitary-microbiological
indicators, etc.

Four samples of digestate from model installation for

biogas production using vegetable and fruit wastes and
pig manure in different ratios are studied:
- Digestate 11 70% pig manure: 30% plant waste;
- Digestate 21 50% pig manure: 50% plant waste;
- Digestate 31 30% pig manure: 70% plant waste;
- Digestate 41 100% plant waste.

Every one of digestate was tested in greenhouse
experiment in order to assess their effectiveness as
fertilizers and sources for increasing the yield and quality
of tested crops [3, 7].

The products are analyzed according to the Regulation
on the use of sewage sludge in agriculture [6], to evaluate
the digestate and establish the possibilities for its use in
agricultural practice.

Following chemical and agrochemical parameters were
tested: pH, organic carbon, total and mobile forms of
nitrogen, phosphorus and potassium, calcium, magnesium,
sulfur, and some of the toxic heavy metals and arsenic.
Sanitary microbiological analyses were also carried out.

Content of nutrients and heavy metals is determined by
following methods:

- pHT BSS (Bulgarian State Standard) EN 12176;

- Moisture and solids i BSS EN 12880;

- Total content of heavy metals i BSS EN 13346;

- Total nitrogen i BSS EN 13342;

- Ammonium nitrogen i ISO 7150 -1;

- Nitrate nitrogen i BSS ISO 7890-3;

- Organic carboni BSS EN 13137;

- Mobile forms of phosphorous and potassium T
acetate-lactate method [2].

RESULTS

The agrochemical and chemical characteristics
of the digestate 1 (waste materials in ratio 70% pig
manure: 30% fruit waste) are presented in table 1.
The pH activity is slightly alkaline (7.62). It is
determined by the ratio between concentration of
hydrogen and hydroxyl ions in solution. Due to the
slightly alkaline reaction, introduction of larger
amounts of digestate 1 in soil would improve its
physicochemical parameters. The total calcium and
magnesium are respectively 7.60% and 2.89%. These
elements are essential macronutrients and their
introduction to the soil will improve nutrition, which is
necessary for normal plant photosynthesis. This
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digestate can be used successfully as a fertilizer for
acid soils because it will lead to partially neutralization
of soil acidity.

Content of total forms of nutrients - nitrogen,
phosphorus and potassium are respectively 10.80%,
7.67% and 9.02% relative to absolutely dry matter. Based
on the dry matter content, found in digestate (around 1%),
real values of total nitrogen are 0.11%, 0.08% for total
phosphorus and 0.099% for total potassium.

The main nutrients are classified in agrochemistry
as mobile and non-mobile. The idea of their mobility is
important for soil fertility. It influences on
determination of imported quantities of fertilizers. If
the amount of mobile forms of a nutrient element is
sufficiently big, then it will ensure its optimal plant
usage.

In this digestate mobile forms of basic nutrients have
the following values: N (NH4) 7 5.48%; N (NO3) i 0.53%;
P i 0.54%; KT 1.25%.

Data for chemical composition of digestate 1 shows
that it can be source of important plant nutrients, such as
phosphorus, nitrogen, magnesium, calcium, iron, organic
carbon, etc. Thus, an adequate fertilization rate will
provide optimal plant nutrition.

Thecont ent of heavy met al
shows that the values, in accordance with pH activity,
are below maximum permissible concentration (MPC)
and are not dangerous in use of digestate in agricultural
practice.
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Tablel/uv OB dzd Yy ©

Chemical and agrochemical characteristics of digestate, used in greenhouse experiments /

mdBdudz® d Octesh ddd ydzo

Experiments (types of digestate) /
] OtedOdzlsd (o dHtsej Bdth dzO)
Analyses / 1 2 3 4
O zOdzd L 70:30 50:50 30:70 100
pig manure:waste / pig manure:waste / pig manure:waste / waste /
Mo ddeMCd Istste: iMoo ddzMCd Itste: iMoo ddzmMS d Istste: ff tsif OHI y
g1 o) 7.62/7,62 7.69/7,69 7.70/7,70 7.45/7,45
Moisture /
| 0> dzt9h) s 98.90 /98,90 98.10/98,10 98.49 /98,49 98.87 /98,87
Dry matter /
wbos 0" [%his 1.10/1,10 1.90/1,90 1.51/1,51 1.13/1,13
Organfic s
[ 66 Odd Whldz o 24.88 /24,88 22.86 /22,86 19.98 /19,98 16.02 / 16,02
h
Total/{ 8 7.6717,67 2.94/2,94 2.66 /2,66 1.33/1,33
t 2 s [%]
h
Tmﬁl' [’&i] B 10.80 / 10,80 8.02 /8,02 9.17/9,17 7.45/7,45
Total/ [ B h
5,0 [%] 9.02 /9,02 5.08 /5,08 6.76 /6,76 10.40/ 10,40
Total/ [ B h
u O [o)] 7.60/7,60 457 /4,57 3.54/3,54 1.60/1,60
Total/ [ B h
MgO [%)] 2.89/2,89 1.32/1,32 1.30/1,30 0.86 /0,86
Mobile /| 5B d dzj
N (NH2) %] 5.48 /5,48 2.83/2,83 3.59/3,59 3.89/3,89
Mobile / { tsB d dzj
N (NOs) [%] 0.53/0,53 0.35/0,35 0.12/0,12 0.23/0,23
Mobile P [%] 0.54/0,54 0.69/0,69 0.75/0,75 0.29/0,29
Mobile K [%] 1.25/1,25 1.16/1,16 1.98/1,98 2.7312,73
S (SO.) (%) 0.10/0,10 1.76 /1,76 1.62/1,62 1.08/1,08
As (mg kg™) <50 <5 <5 <5
Cd (mg kg™ <10 <1 <1 <1
Cr (mg kg™) 13 8 - S
Ni (mg kg™ 26 18 18 12
Cu (mg kg 411 360 200 85
Zn (mg kg 1409 1047 808 326
Pb (mg kg™) 8 5 5 2
1 g(mg kg™) <1 <1 <1 <1
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Agrochemical and chemical characteristics of the
digestate 2 (waste materials in ratio 50% pig manure:
50% fruit waste) are presented in table 1. Slightly alkaline
pH activity is established in this digestate. There is a
reduced content of total forms of basic nutrients
(nitrogen, phosphorus and potassium) in comparison with
digestate 1. There is also reduction of total organic
carbon content. This is explained by the reduced
participation of pig manure, which is source of basic
nutrients and organic matter. There is a reduction in the
amounts of calcium and magnesium. Mobile forms of
phosphorus and potassium have not changed, which
makes the digestate 2 as equally effective for plant
nutrition as digestate 1. Content of heavy metals and
arsenic is below Maximum Permissible Concentrations
(MPC) according to the Regulation on the use of sewage
sludge in agriculture [6].

The agrochemical and chemical characteristics of
the digestate 3 (waste materials in ratio 30% pig manure:
70% fruit waste) are presented in table 1. The analyzed
digestate in this ratio has similar feature like digestate 2
(produced at a ratio of 50%: 50%). The pH activity is
slightly alkaline.

There is a very slight increase in the values of total
and mobile forms of nutrients than digestate 2. These
values, however, are lower than digestate 1 (ratio
70%: 30%), where the nutrients are provided by pig
manure.

Agrochemical and chemical characteristics of
digestate 4. This digestate includes only fruit waste and
vegetable waste 100% (Table 1). At this ratio, there are
no any quantities of manure. Here the reported amounts
of basic nutrients and pH are the lowest compared to the
other types of digestate with pig manure, regardless of
percentage. This applies to the total nitrogen,
phosphorus, calcium, magnesium, organic carbon and
mobile forms of phosphorus. An exception is the higher
content of total and mobile potassium, probably due to its
great contribution in the raw waste of vegetables and
fruits by markets. The values of heavy metals are below
MPC and usage of this digestate in agricultural practice is
no dangerous.

The obtained data confirms that digestate 4 contains
sufficient macro and micronutrients and can be used as
fertilizer in agriculture.

In comparative assessment of the four digestates is not
found large differences in values of individual indicators.
The content of total amounts of organic carbon and
nutrients reduces with reducing the contribution of pig
manure in raw materials. Except is for potassium. Slight
differences were observed in the measured pH values. The
amount of heavy metals reduces in the direction of
digestate 1 to digestate 4.

Sanitary and microbiological characteristics of digestate

Sanitary and microbiological characteristics of studies
digestate, produced at different ratio between pig
manure and waste
values of the tested microorganisms (E. coli,
Enterococci and Coliforms) are at high levels above
MPC according to the Regulation on the use of sewage
sludge in agriculture (State Journal 112, 2004). An
exception is the content of Salmonella, whose value is
less than MPC. An important indicator that has not been
studied in all types of compost is the content of
Clostridia perfringens. This indicator was studied for
implementation of first greenhouse experiment, but the
value was above MPC (table 2). Based on the
microbiological studies it is recommended digestate to
be stored for a period to occur processes of
decontamination and deodorization before utilization in
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agricultural practice.

After the initial analysis, studied digestate (ratios pig
manure: waste from markets i 50:50; 30:70 and 100%
waste from markets) was stored in natural conditions and
periodically mixed to accelerate the processes of
mineralization and disinfection. After 5-month stay
without introduction of new quantities, digestate was
sampled and analyzed again. The results are presented
in table 2.
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A The value of a bio fertilizer is determined by content of
active nutrients (nitrogen, phosphorus and potassium).
Different ratio of pig manure and waste from markets
in digestate determines the availability of nutrients and
fertilizing rate, according to the crop and sall
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requirements. The best agrochemical indicator has
digestate, which is produced at ratio of pig manure:
waste from fruit and vegetables i 70%: 30%.

Content of heavy metals in digestate at different ratio
of pig manure and waste from markets is below MPC
and soils are not burden with these elements.

Sanitary and microbiological studies found that natural
decontamination of digestate it not occurred in
accordance with the Regulation on the use of sewage
sludge in agriculture. It is necessary to continue
research in this direction by establishing downtime,
methods of decontamination and impact of the
digestate on yields, chemical, agrochemical and
physical-chemical properties of soil.

REFERENCES

[1]. Deublein D., Steinhauser A. (2008) i Biogas from
Waste and Renewable Resources. An Introduction. Wiley-
VCH Verlag GmbH & Co. KGaA. p. 443;

[2]. Ivanov P. (1984) i New acetate-lactate method for
determining of available forms of phosphorus and
potassium in the soil, Soil Science and Agrochemistry 4:
88-98, Sofia, Bulgaria;

[3]. Marinova Sv., Mihaylova Sn., Zlatareva E., Toncheva
R., Pchelarova Hr., Simeonov |I. (2012) i Effect of the
Digestate from Anaerobic Co-digestion of Wasted Fruits
and Vegetables and Swine Manure on the Development of
Lettuce. International Confi
Interdisci pl i nary Sci e,iScdfie Budgard;, P
[4]. Simeonov I., Kalchev B., Chorukova E., Mihaylova Sn.,
Valevski G., Hubenov V., Aleksandrov A., Georgiev R.,
Christov N. (2012a) i Pilot-scale biogas plant for research
and development of new technologies. Sixieme edition du
COLLOQUE FRANCOPHONE S URI
ENVIRONNEMENT i ECONOMIE et THERMODYNAMIQUE
(COFRET 2012), 11-13 Juin, Sozopol, Bulgarie. p. 389-
392;

[5]. Simeonov |., Mihaylova Sn., Kalchev B., Chorukova
E., Marinova Sv. (2012b) i Study on the Anaerobic Co-
Digestion of Wasted Fruits and Vegetables. 5th
International Scientific Conference on Water, Climate and
Environment Balwois 2012, Ohrid, Republic of
Macedonia;

[6]. State Journal 112. (2004) i Regulation on Ways of
Utilization of Sludge from Wastewater Treatment through
its Use in Agriculture - Bulgaria;
[7.2z]1 at areva ., Mari nova
R., Katsarova A., Mihaylova Sn. (2012) i Changes in Soil
Properties as a Result of Fertilization with Digestate from
Biogas  Production, Ecological engineering and
environmental protection 2: 5-11.

I

Sv

98

1SB-INIETEH 2013

dLdmS o 0dzdwWIsO dz© ¢ [z dzisdmtdafils jOcds!
f5COLOIsj dzd | Bdtsh dzOd3 Is i sdd
Mtesoddzed ModddC O Isste: SIS OHI 1
Adl Hi oY Oded jIss dZ® Isj3Sd d3jlsOdz
i tslsdash jddj dz© MeddanS d Iswtc dab!
420 Wi izmisd®dls) cteOdddyd d ftsys
AuOded s-GfigtctsB d sdztse d ydedIsj dL e
fted t©OLdzdydzs EyOmisdj dz0

EmMsOdasedrn O, uJ da J dzOMmIsi f ¢
O f sdzlz yj dzd W Misafdz® iz, d L d fi)
1 OtcjHBOKO LO dJLitd 9 0dgj dzO
LiBiHjdzdjIsts., 1 itBRtsHIBE J

o kOLd fsmsCOo, CObs M kM
d RBilssHdI] dzO BBJjLLOOL W9l
Bz 9i R kz Hlssaﬂlsp,, A d w3y A dizizd -
~ddBdyded Mets2MmMlsa ® dz©® ¢ syYe O

JrRurt duvut ¢
[1]. Deublein D., Steinhauser A. (2008) i 1 dtsG OL

slsf OHi yd d ol L sBdatso W j dsd Wiley-
VCH Verlag GmbH & Co. KGaA. p. 443;
[2. Ro Odzlso (1984) i 1 s Oy Is-Ods@ifsls O
BilssH LO BtjHjdvd dO HE
Wesm¥ ste d S Odzd.2 o) WusousLCds@zd 4
88-98, gsWdw, i dzeOtedw
[Bl.f Oteddzso © ©., [ drOQdzse O 4.,
1 yj z0teso © m. , wdigy Bk d&O 6
tsls 0dz0Oj tctsB dpQizls Ajdevds dzO sisy
fdtsHtsej d Ljdjdykzyd d Mo dds
BOtlzdzY [ j Y HEdOESH O ¢ tsdaW § tay
Rdzsj eHdMydy dzd dzOte dzO@ dz0OEZC O ;-
[4]qu3415 dzso R., mEG&BIH® . .,

, lidzjemed | dzj S MEezH tzse P
, N\trsqfr]lstsa i1}, d dAts 3 @fdnds O dzO y
BG@LO gL fqdzj Hoe Oded v dz0 tc &
ndes dzts ez i is s dLH@Ed § Wic]
deJtr.;,j dzydw w0 s fzdegP tc ddY 8 daMs d31
j 6Bt H J dACHRRET2012), 11-13 & dadu 5L 1
dstdSGQ-SQZ;
i3j sdzts o
ddzso O u 11 t€ R0 2DEefz0 2@t B Uas
By dzls @ sistf OHifyifsHEsls j d L
B HEZdZOttSH d20 dzOz Y daOO ¢ dstea
BOO d 56 t5dzdapdeCs20ipic j i
EBdzdC O [OCjHtBddY;
ey Qo jdz 1 j Misdzf ©Otcj BB O( 2 @O &
s sdL slso stew 9 Odzj dz20 Lk ls O&zs
SlIsf OH) yded otsHd YteiL E§f sBic) &z0B:
[7.] zO0lsOtcjo © ., [Ottddtso©® wo.
sOyOtetsa O ¢. , @ OReHsdyjOdzd da M
2O fsyo OO 9 tjLlkzdsOk Gl It
ftod ftesdLosHMisp EBsdz®C g Jizls O
s OLoOdzsy dz0 CtdzdAlsO ftcj H O,

R., [dRO2ds00 wu.



INTERNATIONAL SYMPOSIUM

1SB-INIETEH 2013
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Abstract: A comparative ecologic valuation of different
raw materials for biogas production has been made. The
valuation is based on the qualities of the different
substrates: from energy cultures (sugar, fodder and red
beet, leaves mass from the Paulovnia spring and autumn
leaves). Three type of fertilizer (cattle from non-litter
breeding, swine and non-removable bird fertilizer litter) as
well as substrates from waste water of the WTP- Waster
water treatment plan (mixed sediment, primary and
secondary sediment). The examined raw material has
been analyzed according to the following parameters: Dry
matter (DM), Organic matter (OM), Organic Carbon (OC),
Nitrogen Kjeldahl (N), Nitrogen Ammonium (N -
ammonium), Nitrogen nitrate ( N- nitrate), Patassium (K),
P (Phosphorus), pH ( H.O) and heavy metals i arsenic
(As), Cadmium (Cd), Chromium (Cr), Copper (Cu),
Mercury (Hg), Nickel (Ni), Lead (Pd), Zinc (Zn). The results
of the examined substrates received from different raw
materials (vegetal, organic fertilizers and waste water) give
us ground to make the following conclusions: the
examined substrates respond in the physical-chemical
parameters to all technological requirements of raw
material for biogas production (DM,C and proportion C:N).
The established differences in the content of nitrogen /
within the borders of 1,8% (substrate-leaves mass
Paulovnia- spring) to 7,75% of substrate 7 (organic
fertilizer)/ allow the combination of the substrates in order
to adhere the Nitrate directive of the EU. The established
differences in the active forms of nitrogen allow
exploitation of programs for fertilizers with the participation
of raw materials for biogas production. Our examination of
substrates and show a content of heavy elements under
the critical admissible limits.

Keywords: biogas, energy plants(crops),
(fertilizer), sludges, ecological assessment

manure

INTRODUCTION

The collective researches which results are included in
the monograph dedicated to the ecologic biotechnologies
(Zaharinov, 2013) are mainly directed to the restriction of
the linearity of technologies in farming by utilizing organic
fertilizers as a raw material for biogas (gas fuel) and
bioshlam (a product for increase of soil fertility). The
existing researches show that it is possible to control
anaerobic decomposing in biogas installations by
combining substrates from organic fertilizers [1]. The
possibilities for increasing the amount of the produced
biogas are limited. That is why we started from 2011
experiments using energy cultures as raw material for
biogas production.

As a base for this new step of our experiments we
used results from our researches in Germany where the
biggest economic effect is received by biogas
production from the energy culture maize which is
silaged under a technology known in Bulgaria [1; 10].
Because of the fact that in Bulgaria the recourses of
cultivated land is limited it is irrational to use maize
silage (maize is used as animal nutrition and in the
industry). Because of this reason a variety of
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researches have been conducted, with substrates
containing new for our country energy cultures, as well
as with plant biomass which remains unused, so called
wood silage. In the recent years in the EU countries
there has been an increase of interest in sediment use
from the clearing stations for waste water as raw
material for biogas production [5].

In our country the technology for biogas production from
mixed sediments has been optimized in Wastewater treatment
plant i Kubratovo (Sofia) where the effect estimated by a
level of microbal decontamination and amount of produced
biogas is evaluated as unsatisfactory. As insufficiently
effective we evaluate also the technology for biogas
production also in Wastewater treatment plant - Stara Zagora.

Using the sediments independently (which is the case
in both instances that we describe) the received biogas is
insufficient because the sediments from the bio-pools are
microbal biomass with very strong cellulose membrane.
This was a motivation to evaluate the various substrates in
order to combine them for an optimization of the
technologies for biogas production and reaching a
satisfactory ecological effect estimated on reducing the
organic material of the substrate.

The aim of the current research are substrates of new for the
country energy cultures, organic fertilizers with different
composition, as well as sediments from Wastewater treatment
plant according to technological parameters determining the
biogas production and guaranteeing the requirements of the
nitrate directive of the EU, as well as an ecologic evaluation
of the movement of biogenic and toxic elements.

MATERIAL AND METHOD

The research of team, which results are included in a
monograph devoted to environmental biotechnology [13]
are mainly aimed at reducing the linearity of technology in
livestock production by use of organic manure as a raw
material for biogas / gas fuel / digestate and / product soil
fertility enhancement/. Our previous studies have shown
that it is possible to manage the anaerobic digestion in
biogas plants by combining the substrates of organic
fertilizer [1]. The possibilities for increasing biogas
production are limited. Therefore in 2011 began
experimenting with the use of energy crops as a raw
material for the production of gas. As a basis for this new
phase in our experiments we used the results of our
research in Germany, where the greatest economic effect
is obtained with biogas from energy crops maize, which
was ensiled in a certain Bulgarian technology [1;12]. Due
to the fact that in Bulgaria resource of arable land is limited
is irrational use of silage corn / maize is used for animal
feed and in industry /. For this reason, several studies
were conducted with substrates containing new for our
country energy crops and plant biomass that remains (e.g.
forest silage) [2, 4]. In recent years, increasing the interest
in the EU for use of sludge from plants for waste water as
raw materials for the production of biogas [5].

The study included: 1. Collecting of samples of organic
fertilizers: beef,bird and pig manure, energy crops: corn
silage, silage paulovnia (spring leaves), sprint leaves
Paulownia, autumn leaves Paulownia, sugar beet(tuber),
red beet (tuber), fodder beet tuber) 7 beef and samples
from wastewater treatment plant in St. Zagora.

Analysis of the substrate are obtained according to the
following parameters and methods: Dry matter (DM) by
BSS EN 14346 (Bulgarian State Standart), Organic matter
( OM) determined based on estimates of BOD, Organic
Carbon (OC) by BSS EN 13137, Nitrogen Kjeldahl (N) by
BSS 13342, Nitrogen Ammonium (N -ammonium) BSS
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INTERNATIONAL SYMPOSIUM

3587, Nitrogen nitrate (N- nitrate) by BSS EN ISO 10304-
2, Sulfates (SO4) by BSS EN ISO 10304-2, Calcium Oxide
(Ca0) by EPA 6010C, Magnesium Oxide (MgO) by EPA
6010C, Potassium ( K) by EPA 6010C, P (Phosphorus) by
EPA 6010C, pH ( H20) by BSS EN 12176 and heavy
metals i arsenic (As), Cadmium (Cd), Chromium (Cr),
Copper (Cu), Mercury (Hg), Nickel (Ni), Lead (Pb), Zinc
(zn) by EPA 6010C [3, 6, 7, 8, 9].

RESULTS AND DISSCUSION

On table 2-a,b is depicted the composition of the main
substrates for biogas production. Comparing the fertilizers
regarding DM (draw material) one can see that no
differences between cattle and swine fertilizers can be
observed. From the three compared fertilizer types
regarding the parameter organic carbonate the highest
values are to be observed on cattle fertilizers and the
lowest - on bird fertilizer. In contrast to those parameters
(DM, organic C) the percentage of nitrogen in fertilizer
received by monogastritic animals (swine and birds) is
higher.

The nitrogen fraction (ammonic, nitrite and nitrate
nitrogen) follow the tendencies observed for the general
nitrogen where the value for all three fractions are the
highest in bird fertilizer. The best proportion between
carbonate and nitrogen is though observed in cattle
fertilizer where as far as this parameter is concerned the
fertilizers received by monogastritic animals (swine and
bird) are two times lower. The values received for this
parameter are confirmed also by previous other
comparative researches [12]. The recommendations of
various foreign authors for optimal proportion between
carbonate and nitrogen are too heterogeneous but in all
cases all three fertilizer types are included in the
admissible limits. As far as pH is concerned the
differences between the single fertilizers are unessential.
The highest values for alkaline environment are bird
fertilizers which correspond to the higher values of
nitrogen. The two main biogenic elements (K and P) are
with higher values in the fertilizer received from
monogastritic animals. The high percentage of potassium
in bird fertilizer strikes with its almost two times higher
values to the one in swine fertilizer.

On the same table are shown also two types of silage:
from maize and Paulownia Compared to the proportion of
RM and organic carbonate (main parameters characterizing
biogas production) one can see that the silage of
Paulownia is with higher values (for DM 28.46 against
26.0, and for C 43.29 against 26.49).

A match with the literally data summed up in table 3 has
been established.

The leaf of Paulownia is represented in two categories:
spring and autumn leaf. In our researches has been
established that a four times mowing of the stem with the
leaf mass and its use is possible. Autumn leaf is object of
examination because after the first frost the leaf mass falls
and it is possible to be gathered and silaged with
comparatively low expense of work.

Comparing the silage from Paulownia spring leaves
to initial raw material (green leaf mass) regarding raw
material and carbonate it can be seen that in both
parameters the silage is superior. Regarding nitrogen
and derivative fractions of nitrogen similar tendencies
can be observed. Regarding the parameter correlation
nitrogen and carbonate the silage from Paulownia taken
at spring is not different from the fresh leaf mass.
Naturally the pH values are lower in the silage
compared to the initial raw material (4.3 against 5.63).

Regarding the two main biogenic elements (potassium
and phosphorus) the differences are unessential.
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INTERNATIONAL SYMPOSIUM

Comparing fresh leaf mass i Paulownia taken in spring
and autumn regarding the RM there are almost two times
higher values in the autumn leaf to the spring one.
Regarding the content of nitrogen the values are almost
two times higher in spring leaf mass, in contrast to
carbonate percentage where the differences between
leaf and autumn mass are unessential. Independently of
the higher nitrogen values in spring leaf mass no
essential differences in the nitrogen fractions are
observed. The proportion between carbonate and
nitrogen also in the spring leaf mass is 17.33:1, and in
the autumn leaf mass is 31.77:1. The proportion between
carbonate and nitrogen in both leaf masses is in the
optimal values that characterize the production of bio
fuel. No differences between leaf masses (spring,
autumn) regarding the parameter pH are observed. In
both types of leaf mass the content of potassium is
higher to the one of phosphorus. The comparative
studies between the leaf mass of autumn leaf and the
silage made of them regarding the main technological
parameters are object of following studies.

The content of dry material in all three types of beet
(sugar, fodder and red) is between 25.12-36.11%, where
sugar beet is with the highest values. Regarding the
nitrogen content the differences between all three types of
beet are unessential (<1%). The nitrogen content is the
lowest in sugar beet - 1.32%. The data on content of
nitrogen fractions (ammonium, nitrite and nitrate nitrogen)
are heterogeneous.

Regarding the other important parameter C:N (for a
correct run of the methane fermentation) the three types of
beet are in the limits of the optimal values, where sugar
beet is in the upper limit (30.34) and red and fodder beet

are in the lower limit ( 18, 41: 1 d 19, 20:

Regarding the pH parameter the differences are
unessential. No differences in the values of the two
biogenic elements (K and P) in all three types of beet can
be observed.

The content of DM in waste water in the different
clearing phases varies from 0.02%/l at the exit to 1.16%/I
in mixed sediment (water recirculation). Regarding the
parameter organic substance (estimated on the base of
BOD) the mixed sediment is with the highest values,
followed by water-entrance. The pH values are alkaline in
water-entrance (7.80) and in the other phases a tendency
of pH decrease is observed. The highest Nitrogen and
phosphorus content is in mixed sediment (water-
recirculation) and the lowest in the exit.

The results on the content of the examined raw
materials that we received show that evaluating the
components of the mixture one should stress on some
main parameters: 1. Raw material T considering that
usage of substrate mixture with raw material content of 7-
10% is planned. All examined raw materials with small
exceptions (those received from clearing stations) are in
the category of the appropriate ones; 2. Organic
substance i from 77.90 to 91.60% of the raw, which is an
index for the presence of organic composition that give
energy; 3 . :NuProportion varies from 12.41 to 31.77
which allows to reach an optimal proportion when mixing;
4. The ammonium ions have an inhibating methane
fermentation when over 2710 mg/l. Although high values
have been established in bird and swine fertilizer they are
in mg of kg dry material and the conclusion is that by
mixing the substrates no inhibitating effect of the
ammonium ions can exist; 5. There is an inhibitating effect
of potassium when there is over 3000mg/l substrate in the
fermentor. In none of the 10 substrates that we examined
/data is mg per kg draw material) an excess of the critical
limit has been observed.
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On the following table (4) are depicted the data of
heavy metal content in the examined raw materials.
Comparing the tree types of fertilizer - cattle, bird and
swine, it can be seen that except from the zinc in bird and
swine fertilizer and the element copper in swine fertilizer
the other elements are in the admissible limits. In the
admissible limits is the content of the 8 controlled
elements also in the plant biomass represented by two
types of silages (the maize and the Paulownia one), leaf
mass ( Paulownia i spring, autumn) and beet heads
except from the higher values of zinc in the leaf mass of
Paulownia 7 spring leaf (315mg/kg RM). The examined
waste raw materials from clearing stations are with heavy
metal values under the critical admissible limits. The
differences between them are inessential.

The research on 13 substrates intended for the mix of
raw material are with a content of toxic elements far
under the regulated ones
the values potentially risky for inhibition of methane
fermentation.

Raw materials for biofuel production /R L 7 tsH dzd ®&BOIsj ted Odzd
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Type substrate/] dH MkBMisttOls
Fertilizers /s stets 9 j
1. |Beefmanure/| 89 j Y HJ
2. |Birdmanure/} Isd ud
3. |Pigmanure/d o d dzif ¢ ©
Energycrops/ dzj e 2 dzed S EkZdzlszted
4, | Cornsilage/A Otej o d ud dz Md dzOy
5. | Silage Paulownia( spring leaves) /& d dzOY 1 O Kifidists dizffly dis{Q dzd
6. | Spring leaves Paulownia/[ dMis©® 1 Ok(ztssdeg s dzd ) dzd fiyls ©
7. | Autumn leaves Paulownia/[ dfls® 1 Ok dedzd )dzd fls ©
8. | Sugar beet (tuber) /7 OR Otedets (GdcjzH &©
9. | Red beet (tuber) /vy j tco j dets (g &z G &O
10. | Fodder beet (tuber) /s toi dzdzts & tb B Bz& O
Wastewater treatmentplant/ [ Isf OH dzd o tSH (
11. | Waterientrance/] sH O o 7 SH
12. | Water i recirculation/] sHO tj ydteé kzdazoydw
13. | Water i aeration tanks (activated sludge) /] sH® B dtB OfMj 2 dz
14. | Wateri exit/] sH-PL - SH
Table2-a/v OB dzd yo© 20O
Technological parameters /v j n degsdzsc dyded § Ot Od3d Isted
Parameters/ DM, % IM, % tsf C N C:N e H
1 Ote O d3j I /al {1, % 6l [%] [%6] ’
35.93+0.41/ | 1.97+0.04/ . 7.41+0.19 /
1. 10,80+0,98/ | 77,90£1,21/ 35 93+0.41 1.970,04 18,23:1 7.4120,19
28.55+0.43 / 2.3+0.03/ . 8.22+0.57 /
2. 8,22+1,31/ 81,32+0,91/ 26.55+0.43 530,03 12,41:1 8.20+0 57
29.67+0.46/ | 2.05+0.03/ ) 7.54+0.31/
3. 10,77+0,33/ 77,97+1,09 / 29 67+0,46 2.05£0,03 14,47:1 7544031
26.49+0.29/ | 1.79+0.09/ . 4.6+0.19/
4, 26,00+0,42/ 87,73+0,67 / 26,49+0,29 1,79+0,09 14,80:1 4.6+019
43.29+1.11/ | 2.45+0.09 / . 4.3+0.15/
5. 28,46+0,31/ | 88,90£0,97/ 43204111 2.45£0,00 17,67:1 434015
37.26+2.11/ | 2.15+0.03/ . 5.31+0.28 /
6. 23,40+1,01/ | 92,430,14/ 37062211 5.15+0,03 17,33:1 53140 28
38.76+0.98/ | 1.22+0.05/ . 5.63+1.12/
7. 41,40£1,23/ | 94,99+1,29/ 38.76:0.08 1.22+0,05 31,77:1 5634112
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40.17+1.21/ | 1.32+0.03/ . 5.52+0.04 /
8. 36,11+1,15/ 91,61+0,29/ 40,17+1,21 1324003 30,43:1 5 52+0,04
41.05+0.98/ | 2.23+0.21/ . 5.21+0.013/
9. 25,12+1,96/ 88,59+0,33/ 41,05:0,08 2.23+0.21 18,41:1 52140013
39.35+1.03/ | 2.05%0.11/ . 5.10+0.45 /
10. 25,70+0,98 / 89,71+0,45/ 39.35+1,03 2054011 19,20:1 5.10+0,45
* 7.80+0.18 /
11. 298 158 21.63/21,63 7.80+0,18
12, 11676 105 1953 6.86 /6,86
13.* 5659 18 1132 6.90/ 6,90
14.* 161 27 2.54/2,54 7.14/7,14
1 Thedataarefrommg/l/ | Odzdzdmeg/l MO o

dLuydmdzj dets des B OL O ml
Table2-b /v OB dzd yo© 28B.

1  ** The organic matter was calculated based BOD/ [ tc¢ Odzd ydztslsts o j h j Mlse s j

Content of biogenic macro elements /a1 Hi t6) Odzdj dzO Bdtscj deded BOSC tetsj dzj d3j dals
Parameters / Nitrogen fraction /¢ L slsdzd ¥ tcO¢C K P
] OOy Is [mg/ka] [%] [%]
ammonium / nitrite nitrate /
Odstsded j | / dzd Isted dedIsteOls

1. 714,6x2,15 10,2+0,99 5,0+0,01 0,91+0,0 0,58+0,03
2. 3865+3,44 62,6+1,01 13,6+0,23 2,53+0,11 1,26+0,08
3. 2761+1,86 5,0+£0,06 <1,0 1,25+0,17 1,34+0,04
4. 609+1,47 18,6+0,09 <1,0 3,64+0,12 0,34+0,00
5. 1096+13,24 19,4+0,05 39,3+£1,25 1,70+0,07 0,21+0,03
6. 205,5+9,03 <5 <5 2,12+0,13 0,20+0,04
7. 148,9+1,13 <5 <5 1,89+0,09 0,34+0,01
8. 1070,9+2,11 9,7+0,33 80,0+10,5 0,60+0.02 0,06+0,01
9. 1774,2+1,19 16,7+1,1 14422,8+23,5 1.01+0,01 0,09+0,03
10. 1771,2+3,04 6,0+0,98 13840,4+1,22 1,01+0,03 0.11+0,01
11’ - - - 11,52+0,3 65,6+0,13
12 - - - 13,330,7 1640+11,12
13 - - - 11,15+0,9 973,6+9,25
14, - - - 10,230,5 37,28+1,39

1 The contentof Nand Pisbasedonmg/l/ & Hi toy Odddfj I s j dz@zy/l B OL O

Table3/v OB d&zd yo© 3

Data of the chemical composition of the raw materials from farms /[ Odzded L O " dBdud dz Mi MisOe dzO

BOIjtedOdzd tsls MItedsdls |

Types of raw materials / Dry matter content / | Organic matter / . . Methane content /
Idutso qLAGIYI Wi 6y Odad [ 66 ©dad U g B'sgqafsyé[erggtltrofSM‘ga ui i oY Odad
BOIs j t6d Odzg 8§ h j fls[#]s o hj nl§%ts &4 s U
Beefmanure /) ts9 j 3 H O 10 75 340 55
Pig manure /4 o d dz € © 8 75 400 58
Grasssilage /v tc j 9 j dz T 40 85.6 656 55
Cornsilage /A Otej 9 d yd d 32 954 611 53
Table4d/v OB dzd yo© 4
Component of heavy metals /& ] HiEY Odzdj dzO Isj 3¢ d d3j IsOdzd
Elements /
4 dzj d3j dzls As Cd Co Cr Cu Hg Ni Pb Zn
[mg/kg]
1. <5 <0,5 <0,5 1,3+0,01 34+0,05 <1 9,8+0,04 <5 150+0,21
2. <5 <05 0,8 0,7+0,00 84+0,22 <1 7,3+0,11 <5 420+0,33
3. <5 <05 <05 2,6+0,01 139+0,14 <1 8,7+0,07 <5 343+0,21
4. <5 <05 <05 10,7+0,03 7,5+0,02 <5 6,4+0,15 <5 41,8+1,13
5. <5 <0,5 0,9 24,0+1,0 24,0+0,92 <1 15,9+1,34 <5 85,6+1,28
6. <0,5 <0,5 <05 6,5+0,45 13,3+1,23 <1 7,2+1,02 <5 315,5+2,45
7. 10,3+0,28 | <0,5 <05 14,4+1,28 41,9+1,13 <1 13,5+0,09 <5 48,1+2,13
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8 <5 <0,5 <0,5 13,6+0,01 6,3+0,04 <1 7,6+0,11 <5 12,7+1,11
<5 <05 | <05 | 6,240,901 12,3+0,76 | <1 4,6+0,09 <5 67,9+2,13
10. <5 <0,5 <0,5 8,2+1,03 7,910,21 <1 3,6+0,03 <5 13,8+0,15
11. <0,3 006 | <05 | 4,67+0,04 |0,009 <0,1 | 341:0,06 |<0,116 0,021
12. <0,5 0,022 | <0,5 0,948 0,034 <0,1 | 1,05:0,05 |<0,116 0,034
13. <0,3 0,016 | <0,5 1,138 0,005 <0,1 0,697 <0,116 0,114
14. <0,3 0,024 | <0,5 0,944 0,007 <0,1 1,306 <0,116 0,041
CONCLUSIONS R1J IR

The results from the examined substrates received
from various raw materials (plant, organic fertilizers and
waste water) give us ground to make the following
conclusions:

- The examined substrates contain in optimal values all
technological parameters that characterize the
production of bio fuel (RM, C and proportion C:N).
With a view to a maximum biogas production and
maximum mineralization of the organic substances in
the substrates it is recommendable to use combined
substrates which would lead to an optimal proportion
of macro- and microelements (valuable agro
ecological parameters that combine mineral salts that
are immediately used by plants) with indecomposable
organic substances that improve the soil structure.
Reason for this conclusion gives us also the bioshlam
data received from these substrates.

- The content of nitrogen in the examined substrates
is in the limits of 1.8% (substrate / leaf mass

Paulowniai spring) to 7.75% by substrate 7
(organic fertilizer). The free nitrogen forms
(nitrogen 1 ammonium) is by substrate 8

(unchangeable bird litter). The nitrate form of
nitrogen is with the highest values in substrates
made of root crops (beet i sugar, fodder and red).
The substrates received from waste water of
wastewater treatment plant concerning the content
of nitrogen take middle place which confirms the
collective view for the use of mixed substrates for
biogas production.
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TECHNICAL AND COMMERCIAL CONDITIONS FOR DIESEL ENGINE
ALTERNATIVE SUPPLY WITH VEGETABLE OILS
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Abstract: The partial substitution with vegetable oils of
Diesel fuel used to power Diesel engines is a possible
behavior and benefits bringer. Under ecological aspect,
this practice presents the general advantages of the fossil
fuels replacement with biofuels obtained from renewable
resources. From strategic point of view, this leads to an
increase of energy independence of the practitioners.
Finally, in certain sectors such as the agriculture, the use
of vegetable oils as Diesel fuels can be bringers of
immediate economic benefits. The technologies for the
adoption of this behavior are relatively simple and
available but, for its promotion, it is necessary to be
ensured some technical and commercial conditions. This
paper aims to present a summary of these conditions as
they resulted from the researches performed during the
last years within the INMA Bucharest.

Keywords: conditions of alternative supply, Diesel engine,
vegetable oils

INTRODUCTION

The use of raw vegetable oil for the supply of Diesel
engines is not a new practice. Thus, the history records
that at the Universal Exhibition from Paris of 1900, Rudolf
Diesel himself made demonstrations with a model of the
engine invented by him operating with peanut oil. Also, is
known the widespread use of rapeseed oil for supplying of
some Diesel engines in the first decades of the last
century. More recently, the preoccupation for the
alternative of using of raw vegetable oils for the supply of
motor vehicles engines reappeared after the petroleum
crisis of the beginning of decade 8 of the last century.
Thus, in that period, major automotive manufacturing
companies (General Motors in USA, Audi and Daimler 1
Benz in Europe) made testings with motor vehicles whose
engines have been equipped with injection equipment
specifically designed for the use of oils. The results of
these tests were satisfactory, the only problems observed
keeping of the appearance of gum deposits in the injection
installations and inside of cylinders. AUnf or the
relatively rapid exit from the mentioned petroleum crisis,
followed by an unprecedented availability of oil resources,
led to abandonment of "visible" researches in this
direction.

The effects of oil crisis episodes from the postwar
period always consisted of a rearrangement of the oil price
at higher levels, with adverse consequences on the world
economic balances and industrial growth rates of all
states. On the background of these consequences, in the
family of industrialized countries was born the energetic
security concept, under the banner of which were made and
initialed arrangements on planned rhythms of oil extraction
and the predictable evolutions of the trading prices of this. At
the same time, with the status of part in the energetic
security, began to be examined and was developed the
concept of energetic independence. Under general energetic
aspect, this concept has generated, at the level of each state
or of some groups of states, development and promotion
strategies of some intensive technologies for obtaining the
energy T such as the nuclear reactors with fission i or of
some sustainable technologies for obtaining the energy 1
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such as the hydroenergetical stations. Under the particularly aspect
but very important as share of fuels for the thermal engines,
the concept of energetical independence enabled concerns in
obtaining of alternative fuels. At the same time, the
perspective of a relatively close depletion of world oil reserves
directed the searches towards the finding of alternative fuels
obtained from renewable resources. Under these
conditions, the attention has been focused on biofuels, and
the specialists have remembered that the use of vegetable
oils as fuels is recorded in the "genetics" of Diesel engines.

Obtaining the vegetable oils appeal to limited resources
as rhythm of use but periodically renewable through the
life cycles of oleaginous plants. Also, the technologies involved
are mature and relatively simple. Furthermore, current
researches seems to indicate substantial growth possibilities of
vegetable oils productions by the exploitation of algal
cultures, and such an accomplishment would allow and a
reduction of the objections that the biofuels field has to
face in the dispute "biofuels versus food".

The use of vegetable oils for the supply the Diesel
engines presents nowadays a common form, but
"indirect”. Subjecting of vegetable oils to a process of
transesterification leads to obtaining the bioDiesel, fuel
with "engine properties" similar to those presented by
Diesel fuel and therefore able to be used as a substitute
for the latter. However, this biofuel has the disadvantage
of relatively complicated processing, which is profitable
only on a large scale and uses ingredients with a high
environmental risk (methanol and sodium hydroxide). At
the same time, the preparation of the bioDiesel and the
use of vegetable oils in this form means to introduce
between relatively simple operations for obtaining the
crude vegetable oils and their use in engines a set of
activities with the complexity of an integrated chemical
industry. Obviously, this behavior complicates the way of
oils "from furrow to the engine". The direct use of raw
vegetable oils as fuel for Diesel engines simplify this way
because only obtaining of vegetable oils is obviously much
easier than getting the bioDiesel. Concretely, for obtaining
of vegetable oils should be covered, outside the steps for
obtaining the crops, only the stages of extraction of oil
from oilseeds and its purification by processes of
degumming and filtration. In addition, the profitability of
these operations is not dependent on the size of
production and the maintenance of a continuous flow of it.
Therefore, the production of vegetable oils intended to be
used as motor fuels can be organized without sensitive
affecting of the profitability, in local sectors, located near
the users and sized according to their needs.

MATERIALS AND METHODS
1 General conditions for the alternative supply
Promoting the use of vegetable oils for the Diesel
engines supply means primarily that they are available in
sufficient quantity and quality and at prices competitive
with the price of Diesel oil. We specify that the quality
requirements imply that the vegetable oils to be released
by the components producing deposits in the engine
( dims and waxeso )e to have a phosphorus content less
than 12 ppm (EN 14107) and to undergo a process of
filtration with fineness of at least 5 € m.Assuming that
these conditions are met, the following requirement refers
to preservation of freedom of choice of the potential users.
The vegetable oils have to be proposed as alternative
fuels for Diesel engines built for the supply with Diesel fuel.
Under these conditions, so that the alternative supply to
be accepted and attractive, must that it be possible with
the intact preservation of the construction and adjustments
of the Diesel engines used. May be allowed, at most, the
necessity of using of some additional devices with
reasonable prices, easy to install in the vicinity of engine
and passive to its functioning with original supply. These
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conditions define the regime of poly-carburizing where the
user can decide at will the use of of Diesel fuel or of
vegetable oil without any intervention to the engine. In
absence of this regime, the engines operating with vegetable
oils are engines dedicated to some operating niches.

Comparative characterization of vegetable oils

The difficulties occuring in the practice of Diesel
engines alternative supply with vegetal oils have their
origin in differences between some properties of oils and
the similar properties of Diesel fuel. Such differences are
easy to see in Table 1 in which are presented the main
characteristics of Diesel fuel and vegetable oils.
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Table 1/ Tabelul 1

Property / Proprietatea

Diesel Fuel /Mot or i nt

Vegetable oil / Ulei vegetal

Phase Homogeneity/Omogeni t at ea de

homogeneous liquid / lichid omogen

homogeneous liquid / lichid omogen

Compozition homogeneity/Omogeni t at ea e

hydrocarbon molecules / molecule de hidrocaburi

triglicerydes molecules / molecule de trigliceride

Density (at 20°C) / Densitatea (la 20°C) [kg/m?]

840 920

Cetannumber/Ci fra cetanict

50 40

Low calorific power/Put er ea c al dMJkgl I/ 41.8; 35.1/41,8; 35,1 37.6; 34.6 / 37,6; 34,6
Viscosity (at 20°C) / Viscozitatea (la 20°C) [mm?/s] 4.6 40...60
Containing of substances which forms deposits to burn / low / redus high / mare

conSinut de substanS$Se car €

The two fuels are homogeneous liquids as regards the
aspects of phase and composition. Also, their lower
caloric power are very close if it refers to the unit of
volume and must made the observation that, for most of
the Diesel engines, dosing is volumetrically done.
Substantial differences appear relating to cetane number,
viscosity and content of substances which form deposits
at combustion. All these differences cause problems at the
supply of engines with vegetal oils and, for this practice to
be possible, must be taken adaptation measures.

Solutions for the adaptation to supply with vegetable oils
The cetane number of vegetable oils, lower than that of
Diesel fuel, makes that these do not self-ignite in the
unheated cylinders of the engines, which prevents their
starting “"at cold". At the same time, the cetane number is
enough for in the heated cylinders of the engines brought to
operating temperature the vegetable oils to ignite under
similar conditions for the case of Diesel fuel. Therefore, the
Diesel engines can not start "at cold" in the conditions of
supplying with vegetable oils but, after reaching the thermal
regime, they can function normally with this variant of fuel.
The solution for the adaptation to this situation is organizing
the sequential alternative supply. Thus, at the beginning of a
stage of exploitation, the engine "cold" is started under the
conditions of supplying with Diesel fuel and this supplying
type is kept until reaching the temperature of regime. After
warming up of the engine, is passed at the supply with
vegetable oil and this is maintained almost the entire duration
of the exploitation stage. Finally, near the end of the working
stage, it returns to the Diesel fuel supply for an enough time
that the supplying and injection installations of engine (the
supply pump, the fuel filters, the injection pump, the injection
pipes and the injectors) to be "washed" of vegetable oil and
filled with Diesel fuel. This latest sequence is intended to
allow the supply with Diesel fuel of the engine to the next
working stage when, again must be started the engine "cold".
In the conditions of practicing of sequential alternative supply,
proportion in which the vegetable oil used replaces the Diesel
fuel is obviously dependent on the duration of the working
stages. For the Diesel engines exploited in working
processes (agricultural works, cogeneration of electricity and
heat, transports etc.) under the conditions of sequential
alternative supply with vegetable oils we can speak
practically of an almost total substitution of Diesel fuel, its
share in total fuel consumption having a marginal proportion.
The viscosity of vegetable oils is about 10 times higher
than that of Diesel fuel. At the supply of Diesel engines
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designed to run on Diesel fuel, the high viscosity of
vegetable oils raises problems at passing through filters
and, in the case of the engines with mechanical injection,
at the level of injection pump elements. Thus, the
pressure drop across the filters increases with the oil
viscosity and, depending on the type and construction, the
supply pump of the engine may be unable to deliver the
necessary fuel or it may even damage. Also, at the level
of the injection pump the size of mechanical stress
increases because the transfer in cylinders of some doses
of more viscous liquid requires amounts of energy
corresponding increased. Finally, in the case of the engines
with injection with "common rail", the raised viscosity of
vegetable oils is likely to lead to the lowering of fuel injected
dose, because in this case, the dosage depends on the
injectors opening time. Removal or diminishing of the
undesirable effects of vegetable oils viscosity is done by
acting in the sense to reduce of it. Concretely, the
vegetable oil used to the supply of an engine constructed to
be fueled with Diesel fuel is delivered to the supplying
installation heated to temperatures high enough that the
viscosity to be lowered to "bearable" values.

To ensure the poly-carburizing regime, the oil heating
is done in a additional device which, in a concentrated or
distributed shape, contains one or more heaters placed on
the fuel supply route and the directing distribution organs,
as appropriate, the Diesel fuel or the oil to the supplying
installation. The device is assisted by sensors that
measure the temperatures achieved and by automation
circuits which, depending on the levels of these
temperatures, command the access of of Diesel fuel or of
oil and functioning of heaters. Regarding the availability of
a Diesel engine equipped with such a device, an essential
condition is that the "normal” positions (without actuation) of
the fuel distribution bodies must permit the fueling with
Diesel fuel. Ensuring of this condition 7 with technical and
commercial value 7 will allow the engine to be operated,
being fueled with Diesel fuel, in the cases of failure of the
additional device. Also, a condition with high commercial
impact is that the installation of the device on the engine
to claim only simple interventions, requiring intermediate
skills and the use of common tools.

For high content of substances which form deposits at
combustion does not exist a solution that can be
associated with the engine exploitation. Therefore, the
vegetable oils which are going to be used at supplying the
Diesel engines must be treated in order to remove these
substances. The main category of substances which
cause deposits consists of phosphorus compounds
("phosphatides™). The release of the oil of these
components requires organized development of chemical
reactions inside the oil mass within a process generically
called "degumming". The efficiency of degumming
process is illustrated by the phosphorus content from the
processed oil, which must be below 12 ppm (EN 14107)
or even 10 ppm (ASTM D 6751-07). Another category of
substances which cause deposits consists of so-called
"waxes" present in the raw vegetable oils. In essence, it is
about agglomerations of complex molecules, forming
microscopic particles with gel consistency. These
microparticles have the density very close to that of the oil
and dimensions exceeding 5 em; therefore it can not be
removed by centrifugation actions, but may be retained
within a filtration with the fineness of 5 ¢ an better. In
conclusion, the vegetable oils intended to be used as
fuels for diesel engines must be conditioned by
degumming and filtration at the specified levels.

3. RESULTS

Experimental researches developed at INMA laboratories,
under our management, therefore financially limited, have
aimed to find certain practical solutions which should
allow Diesel engines alternative feeding with crude
vegetable oils, degummed and filtered.
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The first test was designed to examine Diesel engines
behaviour when feeding with mixtures of Diesel-oil and
crude vegetable oil. Results obtained, confirmed after
repeated and throughly processed tests, have allowed to
state the fact that when feeding Diesel engines with
mixtures of Diesel-oil-crude vegetable oil, which contains
up to 30% oil, their behavoiur is identical with that when
feeding with Diesel-oil. The aspects analyzed concerned
the engines Acoldo startin
cold season, energetic performances and specific fuel
consumption. The oils used were obtained through
commercial ways, so they were produced through usual
technologies from seeds of rape, sunflower and soya. The
possible effect of these results is extremely important as it
confirms the existance of possibility of relatively rapidly
replacing up to 30% out of Diesel-0il consumption of
Diesel engines in operation by crude vegetable oils which
are conditioned (degummed and filtered), by adopting the
feeding with Diesel-oil-vegetable oil mixtures. We can
deduct that, in this variant, the difficulties encountered are
related to availability of necessary quantity of vegetable
oils conditioned up to the required quality.

The second direction analyzed aimed to define the
procedures necessary to quasi-totally replace the Diesel-
oil by vegetable oils, within the alternative sequential
feeding.

Therefore, the first objective aimed was to determine the
temperatures up to which the vegetable oil has to be pre-
heated so that the injection process should be qualitatively
satisfactory, in order to assure suitable coditions for self-
ignition and combustion processes in engines cyliders. The
comparative tests, performed on an injection stand and
appreciated by visually surveying the fuel jets, filmed with
1000 images per second frequency have shown that
injecting rapeseed oil heated in the range of 80 ... 100 °C
presents aspects comparable to those when injecting
Diesel-oil at ambient temperature (figure 1), and viscuosity
differences between the two situations above do not
conduct to variations of injection pressure.

v

a

Fig. 1. Aspects of the injection jets onthetestbed/As pect el e
a1 diesel fuel / motorin (22 °C; 190 bar); b i rapeseed oil/u | e i

In order to assess the engine behaviour when feeding
with pre-heated rapeseed oil, an experimental device designed
to heat the oil in two stages was built. In the first stage, the
heat coming from the engine cooling system is used and the
oil is warmed up to 60°C, before entering the filter battery.
The second stage resorts to an electric resistance placed in
the supplying circuit, at the injection pump inlet, being fed by
the electric installation which assists the engine. The fuel
distribution was controlled by electrovalves. The experimental
device described was mounted on an engine of 33 kW
power, D115 model, with direct injection and combustion
chamber of Meurer type, set on an agricultural tractor.
Evaluation of performances was made by raising the
rotative speed characteristic to the PTO, under total load
regime. When feeding with gas-oil and warmed rape oll,
characteristics were raised, and the homologous results
were compared. Graphical aspects of compared values
evolution are shown in diagrams M, P, and c below.
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After examining the diagrams it has resulted that the
testing engine feeding with warmed rapeseed oll
determines light decrease of torque and power developed,
as well as an easy increment of fuel specific consumption.
These variations are rather natural, because the calorific
power is about 2% smaller than that of Diesel oil, and the
oil heating before the injection could lead to a little
reduction of mass of fuel dose injected.

4. CONCLUSIONS

Results obtained and presented are able to validate the
possibility of Diesel engine alternative feeding with crude
vegetable oils. The partial substitution of Diesel oil by
preparing mixtures of Diesel oil-vegetable oil is the most
simple, as it does not require to intervene to engine area.
When the aim is to quasi-totally replace the Diesel oil by
vegetable oil, by alternative and sequential feeding and
heating the oil before supplying it, an additional device
assuring the processes above is necessry. In all the
variants, we must underline the fact that the vegetable oil
used has to be previously conditioned by degumming and
filtering at the levels mentioned before.
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Abstract: Vegetal biomass formed in the process of
photosynthesis as well as the industrial waste and by-
products contain a number of organic compounds in which
the largest part is represented by lignin, cellulose, pectic
substances, starch and smaller amounts of lipids, nucleic
acids, etc. Enzymes like proteases, lipase, amzlases and
celulases play an important role in the biodegradation of
these substances and are widely used in the treatment of
plant material in order to obtain compounds with low
molecular weight. The researches carried out are aimed at
isolating, selection and characterization of amylolytic,
proteolytic, lipolytic and cellulolytic microorganisms in
order to perform the biodegradation of organic waste.
Microorganisms were isolated using screening methods
on agarised media, with specific substrates and and they
were characterized from the point of view of the
morphocolonial and biochemic characters.

Keywords:
microorganisms

biodegradation, waste, enzymes,

INTRODUCTION

Saprophytic activity of microorganisms called
biodegradation is essential in the biosphere because the
macromolecular compounds (cellulose, hemicellulose,
pectic substances, starch, lipids, proteins) are
transformed into simpler compounds that enter in the
carbon cycle in nature. Various industrial processes,
rural and urban localities generates organic waste that
may be degraded by microorganisms producing
hydrolytic enzymes i bacteria and fungi [6,8]. In the field
of agricultural biotechnologies is included the use of
renewable biological sources for energy production,
obtaining of proteic biomass as well as the
microbiological processing of industrial and domestic
residues, in order to ensure a normal ecological balance
and a sustainable agriculture. Recently, enzymes have
also been exploited in bioremediation of complex waste
substances [3].

Microorganisms have a wide spreading in the
environment, being found in all habitats [1]. The top layer
of soil ensure growth and survival conditions and
therefore is one of the main sources for isolation of
microorganisms of industrial interest [11]. Hydrolytic
enzymes are primary metabolites synthesized by
microorganisms in the exponential growth phase. These
are usually exoenzymes secreted to convert the
substrate into nutrients [4,12].

Of microbial enzymes that hydrolyse starch belong
alpha-amylase, beta-amylase and  glucoamylase,
extracellular enzymes produced by bacteria, molds and
yeasts. The bacteria of genus Bacillus (B. subtilis, B.
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licheniformis, B. cereus, B. megaterium, molds of genus
Aspergillus (A. niger, A. oryzae), Rhizopus (R. oryzae),
Mucor synthesize amylolytic enzymes [9]. Of yeast, the
most important from this point of view are the
representatives of the genera Saccharomycopsis,
Tricosporon, Candida.

Bacteria that produce cellulolytic enzymes contain
cells with spiral shapes belonging to the genera: Cytofaga,
Cellvibrio, Cellulomonas. Moulds with superior cellulolytic
activity are: Fusarium, Mucor, Rhizopus, Aspergillus,
Trichoderma.

The proteins contained in the non-living organic matter
that accumulates in the soil and water through the death
of plants, animals, micro-organisms can be hydrolysed
under the action of extracellular proteases produced by
bacteria and moulds [2]. Proteases are produced by a
number of bacteria of the genus Bacillus, Streptomyces,
Proteus, Pseudomonas, Clostridium and molds of the
genus Aspergillus, Penicillium, Rhizopus, Mucor.

Lipids cannot be assimilated only after hydrolysis in
the presence of their specific enzymes in general called
lipases, but still grouped according to the type of substrate
that degrades in three classes: esterases, lecithinases,
and lipases.

Lipases are synthesized by a large number of
microorganisms: moulds (genus Rhizopus, Mucor,
Aspergillus, Fusarium, Penicillium, Geotrichum etc.) and
yeasts of the genus Candida [7].

MATERIALS AND METHODS
Isolation of microbial strains

Isolation of microorganisms producing hydrolytic
enzymes was performed from soil samples collected in the
green area of the faculty. Approximately 5 grams of sterile
samples of soil were collected and then homogenized with
sterile water in the ratio of 1: 2 dilution. Streaks on the
plates containing nutrient agar medium were traced in
order to obtain isolated colonies of bacteria and fungi. The
cultures were incubated at 20°C for 5 days or how it was
necessary for growth. Fragments of cellular biomass from
the colonies developed on the medium surface were
collected with the loop and than are inoculated into tubes
to obtain genetically pure strains. Bacteria were inoculated
onto nutrient agar with peptone, meat extract, agar, and
fungi on the PDA medium containing potato, glucose
infusion and agar.
Screening methods for selection of
enzymes producing strains

Specific media for the selection of hydrolytic colonies
were used that allow the visualization of microorganisms
producing enzymes that diffuses into the agar gel.
Productive colonies occur around them an area of
substrate lysis and form a halo different from the rest of
the culture. Enzymatic index is defined as the ratio of the
diameter of the zone of hydrolysis and the diameter of the
colony and it is a measure of the amount of the produced
enzyme [5,10].

hydrolytic

Culture media

Selection of hydrolytic microorganisms was conducted
on the following culture media:
1. Culture medium for highlighting the amylolitic colonies:
T yeast extract 2.5 g/l, soluble starch 10 g/l, KzHPO4 1 g/l,
MgS04.7H,0 0,5 g/l, agar-agar 15 g/l. Starch hydrolysis is
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B.licheniformis, B.cereus, B.megaterium), mucegaiuri din
genurile Aspergillus (A. niger, A. oryzae), Rhizopus (R.
oryzae), Mucorsi nt et i zeazt e nzDimre
drojdii, cei ma i i mportan$
repr ezent an Saccharogycopsig, iTricasporon,
Candida.

Bacteriile care produc enzime celulozolitice cuprind

celule cu forme spir alCudfaga,
Cellvibrio, Cellulomonas. Mucegaiurile cu activitate
celulozolitict s uFpsarium, o Mucér,

Trichoderma, Aspergillus, Rhizopus.

Protei nel e conSinute
acumul eazt “n s ol K i ape
animalelor, microorganismelor, pot fi hidrolizate sub
acSiunea proteazel or extr
bacteridi K i . Rroteazelg sumt produse fle2uh
numtr de b a c t e rBacillus, aStreptomgcesn
Proteus, Clostridium, Pseudomonas K i de muce
genul Aspergillus, Rhizopus, Penicillium, Mucor.

Lipidele nu pot fi asi mil
prezenS$a enzi memiterin generaldipaej
dar, grupate totuki “n fun
" degradeazt “n trei ca
lecitinaze.

Lipazele sunt sintetizate de numeroase microorganisme:
mucegaiuri  (genul  Rhizopus, Mucor, Aspergillus,
Fusarium, Penicillium, Geotrichum k . a . ) K i
genului Candida [7].

“n mat

MATERI ALE kI METODE
Izolarea tulpinilor microbiene

l zol area mi croorgani smel o
hidrolitice s-a efectuat din probe de sol din zona verde a
f acul t b Qirecaltate ssteril grabes de aproximativ 5
grame de sol care au fost
in raport de 1:2 pentru diluare. Pe mediul Nutrient agar din
cutile Petrisscau trasat striuri “'n
i zol at e de b &dttrile aufast tekmostatate tea
20°C timp de 5 zile sau cat a fost necesar pentru

dezvoltare. Din coloniile ¢
fost recoltate cu firul r
celulart care au fost apoi
obSine tulpini mi crobiene
inocul ate pe agar nutritiv
agar , iar fungidi pe medi ul
glucozt ki agar.

Met ode de screening pentru
pr od uarédeenzime hidrolitice

Pentru selecSionar ea cullitae

medii specifice care permit vizualizarea microorganismelor

producttoare de enzime <car
Cn jurul coloniilor produ
substratul ui K i se formea:
medi ul ui de cul turt. Se d¢
raportul dintre diametrul
coloni ei K i reprezintt o
produst [5, 10]

Medii de cultura

Sel ecSionar ea mi croorgani
realizatt pe urmatoarel e me
1. Mediu de culturt pentr u-
extract de drojdie 4 g/l , amidon solubil 10 g/l, K;HPO4 1
g/l, MgS0..7H,O 0,5 g/l, agar-agar 15 g/I. Hidroliza
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evidenced by the addition of Lugol's solution, forming a
colorful complex only in the presence of starch.

2. Culture medium for highlighting the cellulolytic colonies:
powdered cellulose 2.5 g/l, peptone 0.5 g/l, K;HPO4
0,2 g/l, MgSO4 -7H,0 0,2 g/l, K,CO3 0,4 g/l, CaCl, 0,02 g/l,
FeS04-7H,O 0,02 g/l, NaCl 0,02 g/l, agar-agar 15 g/l
Because of the cellulose hydrolysis around the colony, the
culture medium becomes clear.

3. Culture medium for highlighting proteolytic colonies:
casein 2.5 g/l, Ca(OH), 0,15 g/l, CaCl, 0,05 g/I, agar-agar
15 g/l. Casein hydrolysis to peptides and amino acids
results in the producing of a transparent area around the
colony.

4. Culture medium for highlighting the lipolytic colonies:
nutrient agar plus 2 ml 1% solution of Tween 80 and 1 ml
1% solution CaCl,. Lipase from esterases group
hydrolyzes compounds called "TWEEN", which are esters
of sorbitolului with long-chain fatty acids. Fatty acids
released under lipases action react with CaCl, and form
insoluble calcium salts that cause the opacification of the
culture medium around the esterase-producing colonies

[5].

Characterization of isolated microorganisms

Colony development on agar surface was used to
identifying bacteria and fungi because individual species
often form colonies of characteristic size and appearance.
The cultures are examined and evaluated macroscopically
and microscopically and are identified in terms of their
morphology.

The diameter, shape, surface, consistency, color,
profile of colonies have been studied with the naked eye.
The microscopic structure of microorganisms was
observed (cell dimensions, hyphae, conidiospores etc).

RESULTS

A great number of morphological and physiological
types of microorganisms can be found in soil. From this,
heterotrophic microorganisms obtain carbon principally
from organic nutrients. The quantification of the microbial
community in soil is complicated because microorganisms
are commonly attached to soil minerals and organic
matter and they occur in consortia ussually containing
di fferent types. The term
biochemical reactions catalysed by microbial enzymes in
soil.

From soil samples used for the screening of
microorganisms producing of hydrolytic enzymes has
been isolated a number of 52 bacterial and fungal strains
taken from 20 Petri dishes. The appearance of streaking
cultures from soil samples is illustrated in figure 1.

The 52 isolated colonies were characterized in terms of
the production of hydrolytic enzymes: amylases,
cellulases, proteases and lipases through screening
techniques mentioned above. In table 1 are presented the
microorganisms with enzymatic activity. Amylolytic,
cellulolytic, proteolytic and lypolytic indices have been
determined after 3 and 5 days to 30 C.

From the 10 strains isolated from soil samples, 7 are
aerobic bacteria belonging to the genus Bacillus (B1, B2,
B3, B4, B5, B6, B7) and 3 are common molds (M1 and M2
are part of the genus Aspergillus, while M3 is a strain of
Penicillium). The calculated values for enzymatic indices
shows that the 8 strains are amylases producing, only 2
fungi synthesize cellulases, 6 strains produce proteases
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ami donul ui este evidenSiat
care formeazt un complex col
2. Medi u de cul turt pent
celulozolitice: cel ul ozt pudr t 2,5

K2HPO,4 0,2 g/l, MgSO, -7H,0 0,2 g/l, K.CO30,4 g/l, CaCl,
0,02 g/l, FeS04-7H,0 0,02 g/l, NaCl 0,02 g/, agar-agar 15
g/l. Prin hidroliza celulozei din jurul coloniei mediul de
culturt devine transparent.
3. Medi u de cul turt pentrt
proteolitice:cazei nt 2, 5 Oglb ¢/, Ca@laD 05

g/l, agarragar 15 g/l Hi droliz
ami noaci zi determint produ
n jurul coloniei.

4 Mediu de culturt pentru e
agarnutriti v. | a care se adaugt .
1% ki 1 mil £ ©%. uLpazele dd agupa
esterazelor hidrolizeazt cc¢
sunt esteri ai sorbitolulu
gr aci el i berasSi S u & a casc Sinue
CaCl; K i formeazt sktruri i n
determint opaci fierea me
producttoare de esteraze [¢
Caracterizarea microorganismelor izolate
Dezvoltarea coloniilor pe
identificare a bacteriilor K i fui
individuale formeazt adese.
caracteristice. Cul turile

macroscopic Ki mi croscopic

morfologiei lor.

Au fost studiate cu ochiul liber diametrul, forma,
suprafa$Sa, consistenSa, c-a
examinat structur a mi cr ost
(dimensiunea celulelor, hife, conidiospori).

REZULTATE

Cn sol se aflt un mare n

fiziologice de  microorganisme. Dintre  acestea,

mi croorgani smele heterotro

din nutriengSi organi ci

mi crobiene din sol este col
“n mod obiknuit atakartiea doer
din sol K i se gktksesc “n cc«
Ter menul Aactivitate micro
reac$Siilor biochimice cata
sol.

Din probele de sol utilizate pentru screeningul de
microorgani sme producttoare dea
reuxkit izol area wunui numktr
fungice din 20 de cutii Petri. In figura 1 este ilustrat
aspectul culturilor in striuri din probele de sol.

Cele 52 de colonii izolate au fost caracterizate din
punct de vedere al producerii de enzime hidrolitice:

amilaze, celul aze, proteaz
screening menSionate mai s
mi croorgani smel e cu acti
amilolitici, celulozolitici, pr ot eol i t i ci K i
determinaSi dupt 3 «ki°C5 zil

Din cele 10 tulpini izolate din probele de sol, 7 sunt
bacterii aer obe Baplus 81, B® BI
B4, B5, B6, B7) iar 3 sunt mucegaiuri comune (M1 si M2
fac parte din genul Aspergillus, iar M3 est
Penicillium). Din valorile calculate pentru indicii enzimatici
rezultt ct 8 tulpini sunt
fungi sintetizeaza celul az
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and 4 colonies produce lipases. None of the tested
microorganisms do not synthesize at the same time all the
analyzed hydrolytic enzymes.

1SB-INIIETEH 2013

colonii produc lipaze. Nici unul din microorganismele
testate nu sintetizeazt
hidrolitice analizate.

Fig. 1 - Appearance of streaking microbial cultures from soil samples a) sample 1 b) sample 2 ¢) sample 3 /
Aspectul culturilor microbiene Tn strii din probele de sol: a) proba 1; b) proba 2; c) proba 3

Table 1/ Tabelul 1

Enzymatic indices of colonies/ Indicii enzimatici ai coloniilor

Colonies / Colonii Amy_Iontic_ind_e_x/ CeIIl_JIontic ind_gx/ Prot'eolytic indgx/ Lipolytic_ind_e_x /Indice
Indice amilolitic Indice celulolitic Indice proteolitic Lipolitic
Time, hours /
Timp, ore 72 hrs/ore | 120 hrs/ore | 72 hrs/ore | 120 hrs/ore | 72 hrs/ore | 120 hrs/ore | 72 hrs/ore | 120 hrs/ore
B1 12/12 1.3/1,3 - - 21/2,1 23/2,3 - -
B2 1.1/11 1.2/1,2 - - 15/15 177117 1.3/13 15/15
B3 16/1,6 1.8/18 - - - - 1.4/1,4 15/15
B4 - - - - 21/2,1 23/23 1.2/1,.2 15/15
B5 21/2,1 22122 - - 22122 23/23 - -
B6 1.8/1,8 21/2.1 - - 1.3/13 14/14 - -
B7 16/1,6 177117 - - 22122 23/23 1.4/1,4 1.8/1,8
M1 - - 1.3/1,2 16/1,6 - - - -
M2 23/2,3 25/25 12/12 16/1,6 - - - -
M3 25/25 27127 - - - - - -

Hydrolytic enzymes are exoenzymes, that are secreted
at the exterior of the cell for substrate degradation in order
to release the nutrients needed by the cell. Enzymes are
primary metabolites synthesized at the early exponential
phase of growth of microorganisms, immediately after the
lag phase, as can be seen from the experimental data.
These compounds get to accumulate in culture medium in
greater amount after 5 days of incubation. If the selected
microorganisms are cultured in liquid media with shaking,
the enzymes are synthesized during exponential growth
phase and can be separated from the medium at the end
of the microorganism growth.

In terms of the growth rate of colonies, the bacteria
have developed in the first 24 hours, after a short lag
phase, although the production of enzymes began later.
The 3 strains of moulds had a growth lag phase longer
and the colonies became visible after 48 hours. This delay
can be explained by the time required for the germination
of fungal spores on the surface of agarised medium.
Enzymatic hydrolysis of substrate in culture medium has
begun with the growth of colonies, that is with the
exponential phase.

Enzimele hidrolitice sunt exoenzime, secretate la

exteriorul celul ei “n scop
eliberarea de nutrienSi nie«x
met abol i Si pri mar. sintetiz

de crektere a microorganistr
aka cum se poate observa
Acexkti compuki ajung st s
in cantitate ma i mare dupt 5 zil
mi croorgani smel e sel ecSion
|l i chide cu agitare, enzi me

e
e

perioada fazei de crextere
din mediu |l a sf©r kanisnului. de zv
Din punct de vedere al Vi
bacterile ssau dezvoltat din pri:i
scurtt fazt de | ag, dexki [
ma i t ©r zi u. Cele 3 tul pini
“nt ©r zi errei ia man ekltuengt, i a
vizibile dupt 48 de ore. Ac
prin timpul necesar ger min
de pe suprafaSa mediul ui a
substratul ui din maedieplut di
crekterea coloniilor, adicl
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e f / g - h

Fig. 2 - Appearance of bacterial and fungal colonies onto specific media for the determination of a, b, c) amylolytic; d, e) cellulolytic f, g)

proteolytic; h) lipolytic indicesrf As pect ul col oniil or bacteriene kKi fungice pe mediile
amilolitici; d,e) celulozolitici; f, g) proteolitici; h) lipolitici

Selected strains were characterized from morfocolonial and Tulpinile selecSionate au
microscopic points of view for the purpose of taxonomic vedere morfocolonial K i mi
classification and to establish the conditions for the biosynthesis Il or taxonomice Ki a stabi
of hydrolytic enzymes at laboratory level. Bacteria were enzimelor hidrolitice la nivel de laborator. Bacteriile au fost
grown on nutrient agar and the fungi onto the medium with cultivate peagarnut ri ti v iar fungii
glucose and potato extract and the main characteristics of extract deaucasrttaobfi Ikiit spri nc
the colonies were determined, presented in table 2. coloniilor, prezentate in tabelul 2.

Table 2 / Tabelul 2
The morphocolonial characteristics of selected colonies/
Caracteristici morfocolonialeal e col oni il or sel ecSionate

Diameter (after 5
. days of growth) / ) )
| . f Profil
Co on|e.§/ Marime (dupa 5 Shape / Forma Surface/ Color/ Culoare Con3|§tency/ ro |.e/
Colonii zile de crestere), Suprafata Consistenta Profil
[cm]
B1i BY Irregular, wavy edg.esl Rough / White, white- Dr){, opaque
) 1-2 Neregulata, margini gray / Alb, alb- | colonies/ Uscate, | Plate / Plat
Bacillus sp. Rugoasa ) -
ondulate gri colonii opace
ircul if
Circular, l.ml or.m.edge, Downy to Brown-black,
M1 concentric striations / ) .
. ) . powdery / white edge / Raised /
Aspergillus 4 Circulara, margini -
. L Pufoasa- Brun-negru, Crescut
sp. uniforme, striatii )
. prafoasa margine alba
concentrice
Circular, unif dge,
reuiar l.ml or.m.e ge Downy to Brown-black,
M2 concentric striations / ; .
. ) . powdery / white edge / Raised /
Aspergillus 4,5 Circulara, margini -
. o Pufoasa- Brun-negru, Crescut
sp. uniforme, striatii )
) prafoasa margine alba
concentrice
Circular, uniform edge,
M3 tric striati / G , whit .
M3 concentric striations Sandy / reen, white Raised /
Penicillium 3 Circulara, margini - edge / Verde, -
. e Nisipoasa . Crescut
sp. uniforme, striatii margine alba
concentrice
Bacillus subtilis is a ubiquitous bacterium commonly Bacillus subtiise st e o bacterie cu
recovered from soil and decomposing plant residue. It is a "ntO©lnitt “n mo d obi knuit
Gram positive bacterium, aerobic, rod-shaped, 3-5 resturile vegetale. Este o
micrometers in lenght and can produce an endospore that “n formk de basteode 8k, mcor @
allows it to endure extreme conditions of heat and care poate produce endospo
desiccation in the environment. B. subtilis produces a temperaturt cr eBaaddlustsubtilis produnoeeoc
variety of proteases, amylases, lypases, glucanases and varietate de proteaze, ami
other enzymes that enable it to degrade a variety of natural enzime cu care degradeazt
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substrates and contribute to nutrient cycling.

In the tested samples, the level of Bacillus population
was about 10° cells per gram of soil, measured by dillution
method.

However, unless a soil has not been recently amended
with organic matter providing readily utilizable nutrients,
the bacilli exist in the endospore stage.

The Bacillus species subitilis, licheniformis, and pumilus
are closely related and there has been difficulty
distinguishing among the three species that historically
were grouped together as the subtilis-group.

The use of B. subtilis in an industrial setting should not pose
an unreasonable risk to human health or the environment;
human health and environmental hazards of B. subtilis are low.

The 7 isolated bacterial strains of Bacillus genus form
on nutrient agar medium white colonies, with irregular
wavy edges, dry, plate profile and rough surface. All the
bacteria produce 2 hydrolytic enzymes: 6 of them produce
amylases and proteases, 4 produce lypases and nho
bacterium produces cellulases. All the colonies demonstrated
that the enzymatic indices are higher after 120 hours. The
enzyme accumulates in agar medium and diffuses around the
colony producing the substrate hydrolysis. In natural medium,
bacteria provides the nutrients (oligosacchararides, glucose,
aminoacids, glycerol, fatty acids) with lower molecular mass
that can pass through the plasma cell membrane.

Fungi constitute a group of microorganisms that are
widely distributed in environment especially in soil. Since
they produce wide variety of hydrolytic enzymes and hence
exist in nature in saprophytic mode, they have also a major
contribution to the degradation of vegetal waste.

Fungal hydrolytic enzymes share about 40% of global
enzyme market and have many industrial applications.
Therefore, there is a need for screening these enzymes for
improved characteristics It was noted that a large number
of isolates produced one or more hydrolytic enzymes.

The Aspergillus genus produces many hydrolytic
enzymes involved in the waste degradation: amylases,
proteases, cellulases, lipases, pectinases etc. Aspergillus
niger is perhaps the most widespread species of aspergilli
and have a high rate of growth in favourable conditions.

The 2 strains of Aspergillus niger isolated from soil
samples produce cellulases (M1, M2) and amylases (M1).
These moulds form brown-black with white edge, circular,
with concentric striations, raised profile, downy to powdery
surface and 4-5 cm diameter colonies onto specific media,
and produce exoenzymes that act on substrates. The
Aspergillus genus is well known for its enzymatic
equipment used in the last years to obtain industrial
products.

The colony of Penicillium (M3) produces only amylolytic
enzymes but the 2,7 index value is promising for further
cultivation. On PDA medium Penicillium forms circular
colonies, sandy surface, with concentric striations, color
green with white edge. Enzymes from Penicillium species
however, have been reported to be of greater advantage
over the enzymes from other sources. This is because
Penicillium species are widespread in nature, found most
abundantly in soil and decaying fruits, not fastidious in their
nutritional requirements and they can grow on different
substrates and under a wide range of environmental
conditions.

The appearance of selected microorganisms for the
enzyme biosynthesis is presented in figure 3.
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contribuind la circuitul elementelor nutritive.
Cn probele testat Bacilusafost |

deaproximativloscelule pe gram d¢
metoda diluSiilor.
Cu toate acestea, pOnt c (

materie or gadircwt rcioennSgin ©nk o

rtm&n “n stadi ul de endospo
SpeciledeBaci | | us | i puhilussurft strans
"nrudite ki este dificil d
grupe <care istoric au fost
subtilis.

Utilizarea i ndu Bt subtibsl nu puae

probl eme de risc asupra st
aceste riscuri sunt scktzute

Cele 7 tulpini ale genului Bacillusi zol at e f «
mediul cu agar nutritiv colonii albe, cu margini neregulate,
cu aspect uscat, profil pl
bacteriile produc cate 2 enzime hidrolitice: 6 din ele produc

amil aze Ki proteaze, 4 proc
celulaze. Toate coloniile au avut un indice enzimatic mai
mare dupke Dd2e. Enzi ma prodi1
medi ul agari zat K i di fuzea
hidroliza substratul ui.pcCac
astfel nutrienSii (ol i gdglicerlh
aci zi graki ) lcaur tmansitc tmoklie cc
membr ana plasmatict.

Fungi i constituie un grup
rtsp©ndire “n naturt "~ n spi

produc numeroase enzime hic
saprofi Si, fungai o aoomter iabs
degradarea dekeurilor veget
Enzi mele hidrolitice fung
din piaSa globalt de enzi.

industriale. Este astfel necesar screeningul acestor enzime
pentru “mbuntetbsteai tcaract
un mare numkr de i zolate pr
Genul Aspergillus produce mai multe enzime hidrolitice
i mplicate “n degradarea d
celulaze, lipaze, pectinaze etc. Aspergillus niger este
probabil cea mai respO©ndi t
vitezt mare de crektere ' n
Au fost izolate din probele de sol 2 tulpini de Aspergillus
niger car e produc celulaze (N
Aceste mucegai ur ide culoareremnedu
cu mar gi ne al bt, circul ar e
crescut, S u porr aff aoSats Lp wfi o-&eirk
pe medi. speci fice ki prod
asupra substratului. Genul Aspergillus este bine cunoscut
pentru echipamentul enzimatic utilizat Tn ultimii ani pentru
obSiner