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Abstract: The hay is a very valuable fodder obtained by 
natural or artifficial drying of green plants harvested by 
mowing. The hay nutritive value is also influenced by 
methods of preparation and conservation used. The 
paper presents the economic technical solutions for 
preparing the bulk hay by ventilation with air heated in a 
solar panel, built of solar collectors made of cheap and 
light materials, able to absorb the radiation. Within the 
tests, have been measured: air temperature in the panel 
at different hours, TPS, air speed in the panel, VPS, 

temperature variation, DT during the ventilation process, 
while the meteorological parameters are continuously 
controlled. 
 
Keywords: solar collectors, conservation,hay preparation, 
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]. 

 Rezumat: Fânul este un furaj deosebit de valoros obŞinut 
prin uscarea naturalŁ sau artificialŁ a plantelor verzi 
recoltate prin cosire. Valoarea nutritivŁ a f©nului este 
influenŞatŁ ĸi de metodele de preparare ĸi conservare. 
Lucrarea prezintŁ soluŞii tehnice economice pentru 
pregŁtire f©nului vrac prin ventilare cu aer ´ncŁlzit: ´ntr-un 
panou solar construit din captatori solari confecŞionaŞi din 
materiale uĸoare, ieftine, cu putere de absorbŞie a radiaŞiei 
solarŁ. Ċn cadrul ´ncercŁrilor s-au mŁsurat: temperatura 
aerului din panou la diverse ore ale zilei, TPS,, viteza 

aerului în panou, VPS, variaŞia temperaturii DT în timpul 
procesului de ventilare, ´n condiŞiile monitorizŁrii 
permanente a parametrilor meteorologici. 

 
Cuvinte cheie: captatori solari, conservare, pregŁtire fân, 
ventilare cu aer cald 

 
INTRODUCERE 

Prin recoltarea, pregŁtirea ĸi conservarea sub diferite forme 
a furajelor de pe pajiĸti ĸi din culturile furajere se urmŁreĸte 
realizarea unui produs final cu o valoare alimentarŁ c©t mai 
apropiatŁ de cea iniŞialŁ a furajului verde, plec©ndu-se de la 
premisa cŁ acesta ´ndeplineĸte condiŞiile unui furaj de foarte 
bunŁ calitate, at©t ´n ceea ce priveĸte compoziŞia sa botanicŁ 
(amestec echilibrat de graminee cu leguminoase perene), 
c©t ĸi ´n cea referitoare la fenofaza de recoltare [1], [2]. 

Metodele cele mai folosite ´n Şara noastrŁ sunt cele de 
recoltare ĸi pregŁtire a furajului sub formŁ de f©n.  Fânul 
are o pondere importantŁ ´n balanŞa furajerŁ pe perioada 
de iarnŁ, mai ales ´n regiunile colinare ĸi montane unde 
existŁ suprafeŞe mari de pajiĸti. Ċn regiunile de câmpie, 
fânul se produce pe terenurile agricole cultivate cu plante 
furajere anuale sau perene, pajiĸtile naturale ocup©nd 
suprafeŞe mai mici. 
Pentru reducerea timpului de uscare ĸi implicit a pierderilor 

de substanŞe nutritive s-au dezvoltat mai multe metode de 
recoltare, pregŁtire ĸi conservare a fânului. Metodele de 
uscare a furajelor cunoscute sunt: uscarea tradiŞionalŁ 
(naturalŁ) pe miriĸte; uscarea pe suporŞi; uscarea furajelor 
prin ventilare cu aer rece; uscarea furajelor prin ventilarea 
cu aer cald; uscarea furajelor verzi prin deshidratare termicŁ 
´n staŞii speciale de uscare ĸi brichetare etc. 
Pierderile cele mai mari de substanŞe nutritive se obŞin 

la uscarea tradiŞionalŁ pe miriĸte a f©nului. Aceste pierderi 
ajung, în caz de vreme nefavorabilŁ, chiar la 50é60 %, 
timpul de uscare cresc©nd la peste 6é8 zile [4]. 

Atunci când fânul strâns din câmp la umiditatea de 35-
45% este depozitat pe f©narele sau platformele prevŁzute 
cu instalaŞie de uscare, unde se face definitivarea uscŁrii 
fânului prin ventilare cu aer rece sau cald, p©nŁ la 
umiditatea de pŁstrare (sub 17%), se pot reduce pierderile 
cu p©nŁ la 15é20% [5]. 
InstalaŞiile pentru uscarea fŁnului cu aer cald bazate pe 

consumul de energie convenŞionalŁ: combustibili fosili, 
energia electricŁ sunt complexe, scumpe ĸi greu de 
amortizat ´n fermele mici ĸi mijlocii din zonele 
defavorizate. Din necesitatea reducerii consumului de 
energie convenŞionala s-au cŁutat soluŞii pentru ´ncŁlzirea 
aerului ´n instalaŞii solare, cu preŞ de cost mai mic ĸi 
nepoluante [6, 7]. 



INTERNATIONAL SYMPOSIUM
   

 

 

8 

 
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. 

 
MATERIAL ķI METODŀ 

Lucrarea prezintŁ soluŞii pentru ´ncŁlzirea aerului în 
captatoare solare asamblate sub forma unui panou 
amplasat pe sol, în apropierea platformei de uscare. 
SoluŞiile constructive permit utilizatorilor mutarea instalaŞiei 
de uscare de la o platforma de depozitare, la alta, acolo 
unde este necesarŁ definitivarea uscŁrii f©nului. 

Panoul solar (fig. 1) este un ansamblu principal al 
instalaŞiei de ventilare cu aer a f©nului vrac, ĸi deoarece este 
construit într-o structurŁ modularŁ utilizatorii ´ĸi pot configura 
instalaŞia de uscare conform necesarului din fermŁ. [3] 
Captatorii solari au dimensiuni care permit transportul ĸi 

manipularea ´n condiŞii de siguranŞŁ ĸi cu mijloace simple. 
 

    
Fig. 1 - Assembled solar panel / Panou solar asamblat 

1 - End collector / Captator de capŁt; 2 - Intermediary collector / Captator intermediar;  
3 - Admission and pressing collector / Captator de admisie ĸi refulare 

 
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 

 Panoul solar al instalaŞie studiate, este format din 

cinci captatori solari de ´ncŁlzire a aerului, montaŞi ´n serie 
unul dupŁ celŁlalt pe un cadru din profile metalice. 
Captatorii solari sunt de tipul uĸor, ´n cazul de faŞa cu 
pereŞii din OSB. Peretele frontal de admisie a luminii 
solare este din material plastic transparent. Ċn spaŞiul de 
´ncŁlzire al aerului, ´n captatorii ´nseriaŞi s-au montat pe 
lungime pereŞi longitudinali intermediari, cre©ndu-se 
trasee pentru dirijarea aerului în zig-zag, pe toatŁ 
suprafaŞa captatorilor, pentru obŞinerea unui randament 
maxim de ´ncŁlzire. 
Aerul necesar ventilŁrii este ´ncŁlzit ´n captatorii solari 

ai panoului prin efectul de serŁ. In timpul ventilŁrii, se 
absoarbe aerului rece atmosferic prin orificiu (2), acesta 
parcurge panoul solar pe traseul în zig - zag, se ´ncŁlzeĸte, 
ĸi se evacueazŁ prin orificiul special (3) al panoului solar, 
continu©nd traseul prin tubulatura de aspiraŞie flexibilŁ (4) 
cŁtre orificiul de admisie al ventilatorului p©nŁ ´n camera 
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 în panou;  
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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. 

 In timpul ´ncercŁrilor s-au mŁsurat temperatura aerului 
din panoul solar, viteza aerului ´n timpul ventilaŞiei cu aer 
cald ĸi s-au analizat caracteristicile constructive ale panoului 
dupŁ expunerea pe timp ´ndelungat la soare ĸi intemperii. 

Pentru experimentŁri s-a utilizat un termometru digital 
cu traductor pentru mŁsurarea temperaturii ´n panoul 
solar, staŞia meteo profesionalŁ agroïmeteoreologicŁ din 
dotarea INMA Bucureĸti pentru monitorizarea parametrilor 
meteo ĸi anemometru tip TESTOVENT 4000 pentru determinarea 
vitezei v©ntului ´n panou ´n momentul ventilŁrii. 

 

         
a) Panel temperature measuring / MŁsurarea temperaturii ´n panou b) Air speed measuring/MŁsurarea vitezei aerului 

Fig. 3 - Aspects during the tests / Aspecte din timpul experimentŁrilor 

 
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. 

 REZULTATE 

S-a mŁsurat temperatura ´n panou solar, ´ntre orale 8-16 
într-o zi cu cer variabil, valorile sunt prezentate în tabelul 1. 

Table 1 / Tabelul 1  
 

Date / Data: 
20.06.2013 

Parameter / Parametru 

Hour / Ora 

8 9 10 11 12 13 14 15 16 

Solar radiation / RadiaŞia solarŁ 
[kW/m

2
] 

0.4006 / 
0,4006 

0.2438 / 
0,2438 

0.3494 / 
0,3494 

0.8648 / 
0,8648 

0.4976 / 
0,4976 

0.7752 / 
0,7752 

0.6888 / 
0,6888 

0.5744 / 
0,5744 

0.4376 / 
0,4376 

Atmospheric humidity / 
Umiditatea aerului atmosferic, 

U, [%] 

67.635 / 
67,635 

67.431 / 
67,431 

67.277 / 
67,277 

55.552 / 
55,552 

47.821 / 
47,821 

40.5504 / 
40,5504 

43.4688 / 
43,4688 

42.3424 / 
42,3424 

41.2672 / 
41,2672 

Atmospheric temperature / 
Temperatura aer atmosferic, Ta, 

[
0 
C] 

23.5 / 
23,5 

24.03 / 
24,03 

25.5 / 
25,5 

26.82 / 
26,82 

27.5 / 
27,5 

28.26 / 
28,26 

28.35 / 
28,35 

29.05 / 
29,05 

28.7 / 
28,7 

Temperature in the panel at the 
beginning of ventilation / 
Temperatura în panoul la 
´nceperea ventilŁrii, TPsi [

0 
C] 

25.4 / 
25,4 

32 
55.2 / 
55,2 

58  
60.3 / 
60,3 

61.3 / 
61,3 

63 / 
63 

68 / 
68 

67 / 
67 

Indicator of panel temperature 
increasing/Indicator de creĸtere 
a temperaturii în panou, IT, [

0 
C] 

1.9 / 
1,9 

7.97 / 
7,97 

29.7 / 
29,7 

31.18 / 
31,18 

32.8 / 
32,8 

32.04 / 
32,04 

34.65 / 
34,65 

38.95 / 
38,95 

38.3 / 
38,3 

Panel temperature after 15 
netilating min. / Temperatura din 
panou dupŁ 15 min de ventilare, 

TPSv [
0 
C] 

23 26 30 31 35 36 37 39 39 

Temperature variation during 
the ventilation / VariaŞia 
temperaturii ´n timpul ventilŁrii, 

VTD  

2.4 / 
2,4 

6 
25.2 / 
25,2 

28  
25.3 / 
25,3 

25.3 / 
25,3 

26  29  28  
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Fig. 4 - Graphical variation of solar radiation /    Fig. 5 - Graphical variation of air temperature / 
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VariaŞia grafica a radiaŞiei solare     VariaŞia grafica a temperaturii aerului atmosferic 
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Fig. 6 - Graphical variation  of air humidity / VariaŞia graficŁ a umiditŁŞii aerului atmosferic 

 
where: 

IT, - Indicator of temperature increment in the panel,
 
[ C̄] 

TD -variation of temperature in solar panel during 
heated air ventilation of hay to be dried. 

 unde: 

IT, - Indicator de creĸtere a temperaturii ´n panou, [C̄]; 

TD -variaŞia de temperaturŁ ´n panou solar ´n timpul 
ventilŁrii cu aer cald a f©nului depozitat pentru uscare. 

iPSa TT -=TI       (1) 

PSvPSi TTT -=D       (2) 

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. 

 Figurile 4, 5 ĸi 6 reprezintŁ variaŞia graficŁ a 
parametrilor atmosferici pe parcursul zilei, cu influenŞŁ 
asupra caracteristicilor de lucru ai panoului.  
Figura 7 reprezintŁ variaŞia graficŁ a temperaturii din 

panoul solar, mŁsuratŁ ´n momentul ventilŁrii f©nului cu 
aer ´ncŁlzit, ĸi a temperaturii atmosferice din timpul 
procesul de lucru studiat. 

Energia radiatŁ de soare este captatŁ de pereŞii 
panoului ĸi transferatŁ aerului din panou. Fenomenul de 
transfer de cŁldurŁ apare la contactul direct al aerului cu 
elementele constructive ale panoului. 
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Fig. 7 - Graphical variation of temperature in solar panel / VariaŞia graficŁ a temperaturii din panoul solar 

 
 

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. 

 În timpul ventilŁrii cu aer cald, ventilatorul axial al instalaŞiei 

absoarbe aerul ´ncŁlzit prin efectul de serŁ, din panoul 

solar, îl dirijeaza prin tubulaturi în camera de uniformizare 

a platformei de uscare, iar de aici pŁtrunde ´n masa de 

furaje prin grŁtarul-plasŁ al platformei de uscare ĸi canalele de 

ventilare special amenajate pe platforma de uscare. 

Aerul curge pe traseul impus de construcŞia imobilŁ 

realizându-se asrfel transferul termic de la panou la aer.  

Vitezele aerului în panoul solar în diverse momente ale 

ventilŁrii sunt prezentate ´n tabelul 2. 
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Table 2 / Tabelul 2 
 

Parameter / Parametru 
Ora / hour 

8 10 12 14 

Air speed / Viteza aerului atmosferic [m/s/] 
1.61 / 
1,61 

1.71 / 
1,71 

1.84 / 
1,84 

1.84 / 
1,84 

Air speed when entering the panel / Viteza aerului la 

intrarea în panou [m/s] 

2.4 / 

2,4 

2.5 / 

2,5 

2.4 / 

2,4 

2.4 / 

2,4 

Air speed when leaving the panel / Viteza aerului la 

ieĸirea din panou [m/s/] 

2.5 / 

2,5 

2.5 / 

2,5 

2.4 / 

2,4 

2.5 / 

2,5 

 

CONCLUSIONS 

After the researches, the following conclusions can be 
formulated: 

Á Assuring the high quality fodder necessary for 
feeding the animals in livestock farms, during winter 
represents a problem of great concern for cattle 
farmers; 

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

Á 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; 

Á 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; 

Á Air in the panel is heated due to solar radiation and 
thermal transfer from panel constructive elements; 

Á 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 

7.97 C̄, and between 10é16 hours the temperature 

reaches 38.95 C̄. Maximum values are registered 
within 14-16 hour interval; 

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

Á 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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 CONCLUZII 

Ċn urma cercetŁrilor se pot formula urmŁtoarele 
concluzii ĸi aprecieri: 

Á Asigurarea necesarului de furaje de bunŁ calitate, 
pentru hrŁnirea animalelor din fermele zootehnice pe 
timpul iernii, este o problemŁ care ´i preocupŁ ´n mod 
deosebit pe crescŁtorii de animale; 

Á Metoda tradiŞionalŁ folositŁ ´n Şara noastrŁ este 
recoltarea, pregŁtirea ĸi conservarea sub formŁ de 
f©n a furajelor de pe pajiĸti ĸi culturi furajere, ´n special de 
pe suprafeŞele din zona colinarŁ ĸi montanŁ; 

Á Pentru reducerea pierderilor calitative ĸi cantitative 
ale fânului, datorate expunerii îndelungate la factorii 
atmosferici dupŁ cosire, ĸi pierderilor de frunze prin 
scuturare (în special la leguminoasele perene) s-a 
introdus tehnologia de strângere a furajelor din câmp 
la umiditŁŞi de 35é40 %, depozitarea acestora în 
uscŁtoare sau f©nare speciale ĸi definitivarea uscŁrii 
p©nŁ la umiditatea de pŁstrare (cca. 18%) prin 
ventilare cu aer rece sau cald; 

Á Pentru fermele mici s-a realizat ĸi studiat instalaŞia de uscare 
a fânului prin ventilare cu aer ´ncŁlzit ´n panou realizat din 
captatoare solare, pentru reducerea costurilor sub 
aspectul consumului de energie electricŁ sau mecanicŁ; 

Á Aerul ´n panou se ´ncŁlzeĸte datoritŁ radiaŞiei solare ĸi 
transferului termic de la elementele constructive ale panoului; 

Á Temperatura din panou este influenŞatŁ de radiaŞia 
solarŁ ĸi temperatura aerului atmosferic, analiz©nd 
indicatorul de creĸtere a temperaturii ´n panou, se 
constatŁ cŁ ´ntre orele 8..9 creĸterea temperaturii 

este de p©nŁ la 7,97C̄, iar între orele 10é16 

temperatura ´n panou cu p©nŁ la 38,95C̄. Valorile 
maxime se ´nregistreazŁ ´n intervalul orar 14é16; 

Á ConstrucŞia panoului solar ĸi instalaŞia de ventilare 
fac ca în panou viteza aerului sa fie aproape 
constantŁ ´n procesul de ventilare; 

Á În urma experimentŁrilor s-a dovedit cŁ panoul solar 
cercetat asigurŁ aerul cald necesar definitivŁrii uscŁrii 
fânului prin ventilare. 
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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 Ăenvironmentò concept has a dynamic 
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 ï soil, air, water, climate, biosphere ï 
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. 

 Rezumat: În lucrare se urmŁreĸte modul de variaŞie a 
indicilor calitativi de lucru ai echipamentelor de aplicare a 
tratamentelor fito ï sanitare, în vedera atingerii unui înalt 
grad de siguranŞŁ ĸi protecŞie pentru mediu. Ċn acest sens 
s-au realizat multiple testŁri pe un stand specializat, 
modificând presiunile de lucru. 
 
Cuvinte cheie: testare, diagnosticare, duze, presiune, 
tratamente fito-sanitare 

 
INTRODUCERE 

Conceptul actual de ñmediu ´nconjurŁtorò are un 
caracter dinamic, care cautŁ sŁ cunoascŁ, sŁ analizeze ĸi 
sŁ urmŁreascŁ funcŞionarea sistemelor protejate ´n toatŁ 
complexitatea lor. 
Mediul ´nconjurŁtor reprezintŁ un element esenŞial al 

existenŞei umane ĸi reprezintŁ rezultatul interferenŞelor 
unor elemente naturale ï sol, aer, apa, climŁ, biosferŁ ï 
cu elemente create prin activitatea umanŁ. Toate acestea 
interacŞioneazŁ ĸi influenŞeazŁ condiŞiile existenŞiale ĸi 
posibilitŁŞile de dezvoltare viitoare a societŁŞii [2]. 
Studiile ĸi cercetŁrile actuale, privind metodele ĸi 

echipamentele de aplicare a tratamentelor fito-sanitare, se 
´nscriu ´n noile tendinŞe pentru practicarea unei agriculturi 
durabile, ĸtiut fiind faptul cŁ protecŞia fito-sanitarŁ 
reprezintŁ una din sursele principale de reducere a 
poluŁrii mediului cu substanŞe chimice [1]. 

Un aspect important al politicii de creĸtere continuŁ a 
calitŁŞii produselor realizate a fiecŁrui agent economic, ´l 
constituie menŞinerea conformitŁŞii maĸinilor [3]. 

Criteriile de apreciere a masinilor pentru tratamente 
fitosanitare sunt multe: fiabilitatea, productivitatea, 
calitatea lucrarilor executate, eficienta acestora, modul de 
distribuire a solutiei pe planta sau pe sol, pierderi minime 
de solutie etc. [4] 

Conform normelor europene în vigoare, în majoritatea 
statelor membre U.E., producŁtorii, importatorii sau 
distribuitorii de echipamente de aplicare a tratamentelor 
fito - sanitare care comercializeazŁ pe piaŞa europeanŁ 
aceste tipuri de maĸini, trebuie sŁ declare organismelor 
abilitate cŁ acestea corespund normelor ´n vigoare. 
Prin urmare ĸi echipamentele de aplicare a 

tratamentelor fito - sanitare produse de agenŞi economici 
din Rom©nia trebuie sŁ fie testate ĸi diagnosticate 
conform Directivei 2009/128/CE. Metoda inovativŁ de 
testare elaboratŁ va sta la baza modernizŁrii tehnologiei 
de fabricaŞie a echipamentelor de aplicare a pesticidelor în 
vederea atingerii unui ´nalt grad de siguranŞŁ ĸi protecŞie 
pentru utilizator, biodiversitate ĸi mediu. [1], [5] 
 
MATERIAL ķI METODŀ 

CercetŁrile privind deteminarea indicilor calitativi ai 
echipamentelor tehnice de aplicare a tratamentelor fito - 
sanitare s-au efectuat pe o maĸinŁ purtatŁ pentru 
erbicidat, utilizând un stand specializat ce permite 
determinarea uniformitŁŞii de distribuŞie pe lŁŞimea de lucru. 
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Fig. 1 ï Carried herbicide applying machine P 612 / Maĸina purtatŁ pentru erbicidat P 612 

 
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. 
¶ 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. 
¶ 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. 
¶ 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. 

 TestŁrile pentru verificarea uniformitŁŞii de distribuŞie s-
au realizat respect©nd cerinŞele Directivei 2009/128/CE, 
Directivei 2006/42/CE ĸi a normelor europene ĸi 
standarde în vigoare.  
PregŁtirea standului pentru experimentŁri a constat ´n 

efectuarea reglajelor ĸi fixarea elementelor de sprijin a 
cadrului, cuplarea transmisiei cardanice la arborele de 
antrenare al pompei ĸi verificarea ca apŁrŁtoarea 
transmisiei cardanice sŁ fie montatŁ ´n stare 
corespunzŁtoare, verificarea conexiunilor pentru acŞionarea 
motorului electric, cuplarea la reŞeaua electricŁ ĸi 
verificarea integritŁŞii ĸi funcŞionŁrii lui. 
¶ Debitul prin duzŁ: s-a determinat prin metoda volumetricŁ 
pentru fiecare duzŁ (ALBUZ AXI cu codul ISO 11003, tip 
AG 03) ´n parte colect©nd lichidul debitat prin fiecare duzŁ ´n 
interval de 1 minut, la presiunile la care se fac determinŁrile 
pentru debitul pompei. S-a determinat apoi valoarea medie 
a debitului pe fiecare dispozitiv de pulverizare în parte. 
¶ Determinarea cŁderii (pierderii) de presiune: la capŁtul 

tronsoanelor (segmentelor) de rampŁ se monteazŁ în locul 
duzelor manometre tip standard. Manometrul utilajului se 
regleazŁ la cel puŞin douŁ presiuni de lucru de referinŞŁ. 
Valorile indicate de manometrul utilajului se vor compara 
cu valorile indicate de manometrul  tip standard. 
¶ Determinarea uniformitŁŞii distribuŞiei transversale pe 
standul de probŁ: standul de probŁ are un scaner cu 8 
jgheaburi cu lŁŞimea de 100 mm ĸi ad©ncimea de 80 mm 
(distanŞŁ mŁsuratŁ ´ntre marginea superioarŁ ĸi fundul 
jgheabului). LŁŞimea scanerului este de 1,5 m, iar cei 8 cilindri 
sunt de acelaĸi tip ĸi mŁrime ĸi au o capacitate de 500 ml. 
Scanerul se deplaseazŁ pe ĸine sub rampa de stropit 
colect©nd ĸi c©ntŁrind lichidul de la fiecare duzŁ ´n parte, 
acoperind astfel toatŁ lŁŞimea de lucru a maĸinii de stropit. 
Valorile mŁsurŁtorilor sunt trimise prin radio-link la calculator 
care le prelucreazŁ ĸi le afiĸeazŁ sub formŁ graficŁ. 
Standul pentru determinarea distribuŞiei transversale (fig. 2): 

distribuŞia lichidului este mŁsuratŁ sub rampa de stropire, 
ea reflect©nd distribuŞia maĸinii de stropit ´n c©mp; 
aceasta este mŁsuratŁ cu ´naltŁ precizie, independent ĸi 
automatizat, scanerul testerului electronic miĸc©nduse 
autonom sub rampa maĸinii de stropit (pe ĸine) p©nŁ c©nd 
se mŁsoarŁ complet distribuŞia pe toatŁ lŁŞimea maĸinii de 
stropit. SuprafaŞa de mŁsurare este de 1,50 m/0,80 m ĸi 
este complet orizontalŁ pentru a nu avea nici o influenŞŁ asupra 
mŁsurŁtorilor, neŞin©nd seama de unghiul de deviere a 
duzelor. Lichidul este colectat ´n tŁvi colectoare. Datele sunt 
stocate într-o memory - box ĸi dupŁ aceea transferate la 
PC. Transferul datelor se face prin radio (radio-link). 
 
REZULTATE 
Determinarea debitului prin duzŁ  

La presiunile de lucru de 2,0; 2,5; 3,0; 3,5; 4,0 bar. S-a 
determinat apoi valoarea medie a debitului pe fiecare 
duzŁ ´n parte. Pentru fiecare presiune s-au fŁcut 3 
mŁsurŁtori. Rezultatele obŞinute sunt prezentate ´n tabelul 1. 
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Fig. 2 - Bench for determining the transversal distribution / Standul pentru determinarea distribuŞiei transversale 

 
Table 1/ Tabel 1 

 

Nozzle / Duza 

Nozzle flow rate / Debit duzŁ [l/min[ 

Pressure / Presiunea [bar] 

2.0 / 2,0 2.5 3.0 3.5 4.0 

Rated value / Valoare nominalŁ 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) 

It has been achieved by mounting standard manometers 
instead of nozzles at ramp end sections. The values 
indicated by equipment manometer have been compared 
to those indicated by standard manometer, the obtained 
results being shown in table 2. 

 Determinarea cŁderii (pierderii) de presiune 
S-a realizat prin montarea la capŁtul tronsoanelor de 

rampŁ ´n locul duzelor a manometrelor tip standard. S-au 
comparat valorile indicate de manometrul utilajului cu cele 
indicate de manometrul tip standard rezultatele obŞinute 
fiind prezentate în tabelul 2. 

 
Table 2 / Tabelul 2 

 

Pressure / Presiunea [bar] Left ramp end / CapŁt rampŁ st©nga Right ramp end / CapŁt rampŁ dreapta 

2 2.05 2.06  

2.5  2.3 2.37  

3 3.03 3.13  

3.5  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 uniformitŁŞii distribuŞiei transversale 
DistribuŞia transversalŁ s-a fŁcut pe standul de probŁ 

pentru verificarea maĸinilor de stropit în culturi de câmp 
(fig. 3), la presiunile de lucru de 2,0; 2,5; 3,0; 3,5; 4,0 bar. 
Pentru fiecare presiune s-au fŁcut 3 mŁsurŁtori. 
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Fig. 3 ï Aspects during transversal distribution uniformity determination / 

Aspecte din timpul determinŁrii uniformitŁŞii distribuŞiei transversale 

 
A part of results obtained are shown in diagrams in 

figures 4, 5, 6, 7 and 8. 
 O parte din rezultatele obŞinute sunt prezentate ´n 
diagramele din figurile 4, 5, 6, 7 ĸi 8. 

 
Cross distribution blue nozzle, AG 03 type, 2 bar pressure, repetition 1 /  

DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 2 bar, repetiŞia 1 Distributie transversala duze albastre  ISO 11003 , presiune 2 bar, repetitia 1 
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Fig. 4 - Diagrams of transversal distribution at 2.0 bar/ Diagramele distribuŞiei transversale la presiunea 2,0 bar 

 
 

Cross distribution blue nozzle, AG 03 type, 2.5 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 2,5 bar, repetiŞia 1 Distributie transversala duze albastre ISO 11003 , presiune 2,5 bar, repetitia 1 
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Fig. 5 - Diagrams of transversal distribution at 2.5 bar/ Diagramele distribuŞiei transversale la presiunea 2,5 bar 
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Cross distribution blue nozzle, AG 03 type, 3 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 3 bar, repetiŞia 1 

Distributie transversala duze albastre  ISO 11003 , presiune 3 bar, repetitia 1 
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Fig. 6 - Diagrams of transversal distribution at 3.0 bar / Diagramele distribuŞiei transversale la presiunea 3,0 bar 

 
Cross distribution blue nozzle, AG 03 type, 3.5 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 3,5 bar, repetiŞia 1 

Distributie transversala duze albastre  ISO 11003 , presiune 3,5 bar, repetitia 1 
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Fig. 7 - Diagrams of transversal distribution at 3.5 bar / Diagramele distribuŞiei transversale la presiunea 3,5 bar 

 
Cross distribution blue nozzle, AG 03 type, 4 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 4 bar, repetiŞia 1 

Distributie transversala duze albastre  ISO 11003 , presiune 4 bar, repetitia 1 
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Fig. 8 - Diagrams of transversal distribution at 4.0 bar / Diagramele distribuŞiei transversale la presiunea 4,0 bar 

 
CONCLUSIONS 

After processing the experimental data was obtained 
a table containing each nozzle flow, where it is noted 

 CONCLUZII 

Ċn urma prelucrŁrii datelor experimentale s-a obŞinut un 
tabel cu debitul fiecŁrei duze ´n parte, ´n care se observŁ 
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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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cŁ valoarea medie a debitului pe fiecare dispozitiv de 
pulverizare in parte nu depŁĸeĸte cu mai mult de Ñ10% 
debitul nominal indicat.  
Ċn continuare, verific©nd ĸi cŁderile de presiune la 

capŁtul tronsoanelor de rampŁ, se observŁ cŁ aceste nu 
se abat cu mai mult de 10% faŞŁ de valoarea indicatŁ de 
manometrul utilajului. Astfel, utilajul verificat cu metoda 
indicatŁ ´n lucrare respectŁ cerinŞele de conformitate din 
SR EN 13790-1: 2004. 
Ċn plus faŞŁ de acest tip de verificare(conform SR EN 

13790-1: 2004, metoda 2), s-a verificat ĸi uniformitatea de 
distribuŞie transversalŁ, abaterea medie nedepŁĸind cu 
mai mult de Ñ20% valoarea medie pe jgheab, raportatŁ la 
presiunile aplicate. 

Prin implementarea metodei de testare dupŁ fabricaŞie se 
faciliteazŁ punerea ´n aplicare a Directivei 2009/128/CE 
care stabileĸte un cadru de acŞiune comunitarŁ ´n vederea 
utilizŁrii durabile a pesticidelor ĸi respectarea D 2006/42/CE 
care prevede norme de garantare a cerinŞelor ´n materie 
de mediu la introducerea pe piaŞŁ a echipamentelor de 
aplicare a pesticidelor în vederea reducerii efectelor 
nefaste ale pesticidelor asupra sŁnŁtŁŞii umane ĸi asupra 
mediului provocate de astfel de echipamente. 
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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 ï radix, rhizomes ï 
rhizoma, bulbs ï bulbus, tubers ï 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 ï gemmae and the peel ï cortex, is 
collected early in the spring. The leaves ï folium is 

collected in the first part of the vegetation. The fruits ï 
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 

 Rezumat:  
În prezent, cercetarea plantelor medicinale ĸi 

aromatice se bucurŁ de un interes deosebit, justificat de 
sporirea eforturilor pentru gŁsirea de remedii, pentru 
anumite boli incurabile, dar ĸi de necesitatea lŁrgirii 
sortimentelor de produse ĸi preparate farmaceutice 
obŞinute din acestea. Actiunea terapeutica a plantelor 
medicinale ĸi aromatice se datoreazŁ prezenŞei 
compuĸilor bioactivi. Cantitati importante de materie 
prima, bogata in principii active, se pot obtine, doar prin 
cultivarea plantelor medicinale ĸi aromatice, cunoscand si 
aplicand mai multe verigi tehnologice. Una dintre acestea 
o reprezinta recoltarea. In lucrare se prezinta sintetic 
tehnicile de recoltare, mai ales de recoltare mecanizata a 
herbei si a inflorescentelor plantelor medicinale si 
aromatice, precum si tendintele actuale din domeniu.  
 
Cuvinte cheie: plante medicinale si aromatice, principii 
active, recoltare mecanizata, herba, inflorescente 

 
INTRODUCERE 

Deoarece la baza eficienŞei terapeutice a plantelor 
medicinale stŁ relaŞia dialecticŁ substanŞŁ activŁ- 
acŞiune farmacodinamicŁ, de prima importanŞŁ este 
calitatea materiei prime. Aceasta este condiŞionatŁ de: 

- cunoaĸterea organului de plantŁ cu conŞinutul 
cel mai ridicat ´n substanŞe active; 

- cunoaĸterea momentului din dezvoltare a 
plantei, c©nd pŁrŞile care se valorificŁ conŞin 
cea mai mare cantitate de principii active; 

- metoda de recoltare, astfel ca pierderile de 
principii active sŁ fie minime. 

Organele subterane (rŁdŁcini ï radix, rizomi ï 
rhizoma, bulbi ï bulbus, tuberculi ï tuber) se recolteazŁ 

de obicei toamna, dupŁ ce planta ´ncheie perioada 
activŁ de vegetaŞie. 
Organele aeriene, respectiv tulpina cu frunze ĸi flori 

ï herba, se recolteazŁ de regulŁ la înflorirea plantei, dar 

dupŁ caz, tulpinile cu frunze, se pot recolta uneori ´n 
toata perioada de vegetaŞie. Mugurii ï gemmae ĸi coaja 
ï cortex, se colecteaza primŁvara devreme. Frunzele ï 
folium se colecteazŁ ´n prima parte a vegetaŞiei. 
Fructele ï fructus se recolteazŁ c©nd sunt complet 
dezvoltate, la cele cŁrnoase sau la cele uscate, cu puŞin 
´nainte de deschidere. SeminŞele - semen se colecteazŁ 
la maturitate deplinŁ [3]. 

Florile - flores, se recolteazŁ pentru unele specii ´nainte 
de a se deschide, iar pentru altele care conŞin uleiuri 
volatile, c©nd sunt complet deschise. DacŁ florile se 
ofilesc, nu mai conŞin uleiuri volatile sau alte principii active 
´n aceleaĸi proporŞii, determin©nd pierderi calitative de 
recoltŁ. Se recomandŁ momente optime de recoltare 
funcŞie de specie, astfel: pentru muĸeŞel ĸi gŁlbenele 
recoltarea se va face când 50% din florile tubulare din 
capitul sunt deschise iar florile ligulate au poziŞie orizontalŁ, 
pentru mŁtasea de porumb recoltarea se va face dupŁ 
fecundare, deci dupŁ ofilirea acesteia [8]. 
Se recomandŁ ca frunzele, florile ĸi inflorescenŞele 

sŁ se recolteze pe timp stabil, cu soare, fŁrŁ umiditate, 
dimineaŞa sau dupŁ amiaza. Speciile cultivate pentru 
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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]. 

fructe ĸi seminŞe se colecteazŁ pe timp rŁcoros 
dimineata, seara sau noaptea [5]. Pentru resursele care 
conŞin uleiuri volatile se recomandŁ colectarea pe timp 
noros [3]. 

Recoltarea plantelor medicinale si aromatice se 
poate realiza: manual, semi-mecanizat ĸi mecanizat [7]. 
Recoltarea manualŁ efectutŁ de personal calificat 

are drept rezultat produse de calitate superioarŁ. Altfel, 
calitatea produselor obtinute nu este uniformŁ. Ċn unele 
cazuri, aceastŁ metodŁ de recoltare este singura 
disponibilŁ [7], desi este un proces ´ndelungat ĸi 
costisitor, care se desfŁĸoarŁ cu pierderi mari. 

Recoltarea semi-mecanizata reprezinta un compromis 
´ntre a dezvolta ĸi utiliza dispozitive auxiliare, datorita 
carora, recoltarea manualŁ poate fi mai uĸoara, mai 
eficientŁ si mai puŞin solicitantŁ pentru operator, prin 
asigurarea unei pozitii cat mai ergonomice a acestuia. 
Aceasta umanizare a muncii a aparut deoarece accesul 
producatorilor de plante medicinale si aromatice la 
know-how-ul de pe piaŞŁ, referitor la recoltarea 
mecanizatŁ, este foarte scump. Dezvoltarea unei 
mecanizŁri ,,propriióô este de asemenea foarte costisitoare [7]. 
Recoltarea mecanizatŁ a plantelor medicinale si aromatice 

se utilizeaza preponderent pentru speciile cultivate. 

 
MATERIALE ķI METODA 

Ċn lucrare, recoltarea mecanizatŁ a plantelor 
medicinale si aromatice este clasificata si analizata in 
functie de mai multi factori. Pentru a putea fi aplicata, 
recoltarea mecanizata impune: 
- crearea unor noi varietŁŞi de plante medicinale si 

aromatice, astfel incât plantele dintr-o culturŁ sŁ se 
dezvolte cât mai uniform; 

- conceperea ĸi realizarea unor maĸini performante, 
care au la bazŁ noi tehnici de recoltare. 

Recoltarea mecanizata a unei anumite parti utile a 
plantelor medicinale si aromatice, conduce la urmatoarea 
clasificare: 
- recoltarea bulbilor ĸi rŁdŁcinilor; 
- recoltarea herbei, frunzelor ĸi tulpinilor; 
- recoltarea florilor sau a pŁrŞilor din flori; 
- recoltarea fructelor ĸi seminŞelor. 

Recoltarea mecanizata a inflorescentelor consta în 
acŞiunea de detaĸare a segmentului floricol de restul 
plantei, reŞinerea, transportul ĸi descŁrcarea ´ntr-un buncŁr 
colector. Desprinderea segmentului floricol se 
realizeazŁ prin douŁ procedee: 
- tŁierea peŞiolului sub acŞiunea unor forŞe tŁietoare; 
- ruperea peŞiolului ´n secŞiunea de minimŁ 

rezistenŞŁ, sub acŞiunea forŞei de smulgere.[9] 
Ċn funcŞie de procedeul de detaĸare utilizat, organele 

de recoltare pot fi: 
- cu aparat de tŁiere; 
- cu organe specializate. 

Sistemele de recoltare cu aparat de tŁiere 
realizeazŁ secŞionarea tulpinilor plantelor la o distanŞŁ 
determinatŁ de sol [9]. Aparatele de tŁiere sunt cele 
clasice, utilizate ´n construcŞia cositorilor, cu tŁiere prin 
forfecare. ForŞele tŁietoare sunt aplicate de douŁ piese 
distincte: cuŞit ĸi contracuŞit. Din punct de vedere 
constructiv existŁ douŁ tipuri de aparate de tŁiere: cu 
cuŞit simplu ĸi cu cuŞit dublu. Sistemele cu aparat de 
tŁiere se utilizeazŁ pentru recoltarea inflorescenŞelor 
cu herbŁ de plante medicinale ĸi aromatice, adicŁ 
toatŁ partea aerianŁ a unei plante (tulpinŁ, frunze ĸi 
flori). La unele specii se practicŁ acest gen de 
recoltare, dupŁ care au fost recoltate inflorescenŞele 
(ex: muĸeŞel), la altele se practicŁ de la ´nceput 
(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]. 

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 maĸini specializate 

pentru recoltarea mai multor specii de PMA ĸi plante 
ierboase de tipul cositoare ´ncŁrcŁtor, dezvoltate mai 

ales de companiile mici. Genul acesta de maĸini este 
profitabil, deoarece poate fi folosit pentru recoltarea de 
exemplu a muĸeŞelului, gŁlbenelelor ĸi lavandei, precum 
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 medicinale si aromatice, fiind o operaŞie 
care rareori se executŁ pentru alte culturi. Florile de 
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 tulpina plantei (10) ´n vecinŁtatea 
capului florii, ´n timp ce floarea (9) este desprinsŁ 
de tulpinŁ ´ntre barele (8) ale rotorului ĸi peretele 
inferior (5) [10]; 

- culegator cu bare si degete.(fig.1 centru dr.), 
caracterizat prin alternanta degetelor subŞiri ĸi mai 
apropiate (a) cu cele mai groase ĸi mai distanŞate 
(b), fiind câte trei zone pentru fiecare tip [11]. 

 

   
Fig. 1 ï 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, KemLinzIII (Germany), Slovark VZR-4 
(Slovakia) [4]. The common feature of these machines is 
the the rotation movement of the picker in the direction of 

 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 de ô90, suprafatele cultivate in 
Europa erau mult mai mari, chiar si Romania se situa 
printre producatori. 

Organul de recoltare dominant pentru musetel, 
ramane pieptenele. [4] Pentru a putea fi rotiŞi pieptenii, 
sunt dispuĸi pe un culegŁtor, astfel incat la trecerea prin 
stratul de tulpini, desprind florile. Procesul de lucru 
cuprinde: 

a) pŁtrunderea pieptenilor ´n stratul de tulpini; 
b) deplasarea pieptenilor de-a lungul tulpinilor; 
c) ieĸirea pieptenilor din stratul de tulpini.[9] 

Culegatoarele rotative cu piepteni caracterizeaza toate 
masinile autopropulsate de recoltat musetel cunoscute. 
Acestea s-au dezvoltat in anii ô80 [1] unele din ele se mai 
folosesc si astazi cum ar fi: Hege, KemLinzIII (Germania), 
Slovark VZR-4 (Slovacia) [4]. Caracteristica comuna a 
acestor masini o 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]. 

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/ 
Caracteristica pieptenului 

Type of combine / Tipul de combina 

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.  
CulegŁtorul este de tip cilindric, având o miĸcare de 

sus ´n jos ´n culturŁ (in sens invers directiei de inaintare a 
masinii). Are o lungime de 2540 mm ĸi este dotat cu 6 
piepteni de 160 mm lungime. PoziŞia acestora este 
orientatŁ prin intermediul unor manivele ghidate de un 
excentric. DupŁ ce au fost culese, florile sunt expulzate 
din cilindru catre o bandŁ transportoare care le duce in 
buncŁr. Maĸina este autopropulsatŁ, av©nd transmisie 
hidrostaticŁ. Ċn figura 2. A este prezentatŁ o vedere din 
faŞŁ ĸi de jos a culegŁtorului cu piepteni. În figura 2 B 
culegatorul este vŁzut din spate ĸi de sus, evidenŞiindu-se 
periile pentru curŁŞarea pieptenilor [2]. 

 

 
Fig. 2 ï Schematic presentation of the picker of the Italian machine for chamomile harvesting /  

Prezentare schematicŁ a culegŁtorului masinii italiene de cules musetel [2] 
 

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, 

 Testele de funcŞionare ale noii maĸini de recoltat, 

efectuate intr-o culturŁ de muĸeŞel cu bune caracteristici 

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 
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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. 

 
REFERENCES 

[1]. Brabandt H., Ehlert D. (2011) - Chamomile harvesters: 

A review, Industrial Crops and Products 34 (2011) 818-

824; 

[2]. Colorio G (2011) - Innovative system of camomile 

harvesting: Italian manufacturing machine, presentation at 

SANA - Salone Internazionale del Natural, Bologna 2011; 

[3]. Dihoru A., Dihoru Gh (2008) - Plants used in human 

and animal digestion, Publishing House Ars Docendi, 

Bucharest 2008, ISBN 978-973-558-376-7, (pg. 10, 13); 

[4]. Ehlert D. and col. (2011) - Influence of comb 

parameters on picking properties for chamomile flowers 

Industrial Crops and Products, 33 (2011) 242-247; 

[5]. Laza A., Rácz G. (1975) - Medicinal and aromatic 

plants, CERES Publishing House, Bucharest; 

[6]. Muscalu A and col.(2012) - Harvesting and processing 

of medicinal and aromatic plants, Terra Nostra Science 

Publishing House 2012 ISBN 978-606-623-012-4; 
[7]. Öztekin S. Martinov M. (2007) - Medicinal and 

aromatic crops ïHarvesting, Drying, Processing Haworth 

Food &Agricultural Product Press
TM

, New York;  

[8]. Paun E. and col.(1988) - Treaty of cultivated medicinal 

and aromatic plants, Vol.I-II, Academy Publishing House, 

Bucharest; 

[9]. Popa E. and col. (1997) Theoretical and experimental 

contributions to the mechanized harvesting of medicinal 

plants inflorescences, INMA Scientific Papers, Vol. I, 

pg.514-525, Bucharest; 

[10]. Patent Nr.4761942 Flower harvesters Geoffrey A. 

ore, materialul recoltat fiind in proportie de 70 %,de prima 

calitate (lungimea peŞiolului capitulului <15mm). [2] 

 
REZULTATE SI CONCLUZII 

Recoltarea florilor plantelor medicinale ĸi aromatice 

este lucrarea cea mai dificilŁ din cadrul tehnologiilor de 

culturŁ pentru aceste specii. Mecanizarea acestei lucrŁri 

reprezintŁ un factor important pentru reducerea preŞului de 

cost al materiei prime ĸi implicit pentru creĸterea calitŁŞii 

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 ĸi cu caracteristici vegetative potrivite 

recoltarii mecanizate, caracterizate prin: dezvoltarea cat 

mai uniforma a plantelor, inflorire simultana ï stabilitŁ 

convenŞional c©nd mai mult de jumŁtate din inflorescenŞe 

au flori cu ligule dezvoltate, distribuŞia inflorescentelor la 

etajele florale superioare. 

P©nŁ ´n anii ô90, multe ŞŁri europene cultivau suprafeŞe 

insemnate cu plante medicinale ĸi aromatice, producand 

utilaje specializate pentru recoltarea acestora. Dupa 

aceastŁ datŁ, datoritŁ mai multor circumstanŞe, producerea 

acestor utilaje a inregistrat un declin. Complexitatea 

constructivŁ a unora dintre ele, genereazŁ un pret de cost 

ridicat, ceea ce reprezintŁ un impediment in promovarea ĸi 

realizarea lor la scarŁ industrialŁ. In ultima perioada se 

constatŁ o relansare a domeniului, tinta fiind realizarea de 

utilaje performante pentru recoltarea inflorescentelor, la un 

pret scazut. 

Realizarea de echipamente de recoltat inflorescente din 

culturi in benzi, destínate 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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Fig. 1 ï The windrover of combine / Vindroverul combinei: 

1 - frame / cadru; 2 - transmission shaft / arborele transmisiei; 3 ï drum / tambur; 4 - cutting disc / discul de tŁiere; 5 ï lateral divisors / 
divizori laterali; 6 - central divisor / divizor central; 7 - the acting mechanism of the drum / mecanismul de acŞionare a tamburului; 8 - rods / tije 

 

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 

 Viteza circularŁ a cuŞitelor amplasate pe periferia 
discurilor trebuie sŁ fie suficientŁ pentru asigurarea 
procesului de tŁiere fŁrŁ reazem. Tamburii 3 (fig.1, 2) 
asigurŁ antrenarea ĸi evacuarea tulpinilor din zona de 

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:  
 În lucrare este prezentat modelul fizic al procesului de 
tŁiere ĸi deplasare a masei vegetale ´n vindroverul 
combinei. Este argumentat teoretic unghiul de înclinare al 
discului de tŁiere ´n dependenŞŁ de gradul ´ncovoierii 
tulpinilor tŁiate. 
 
Cuvinte-cheie: model fizic, parametrii constructivi, tŁiere, 
tulpini groase, vindrover 
 
INTRODUCERE 

Analiza construcŞiei aparatelor de tŁiere privind 
utilizarea lor la recoltarea culturilor cu tulpini groase, în 
primul r´nd a sorgului zaharat, demonstreazŁ cŁ la 
momentul actual, judec´nd dupŁ calitatea ĸi productivitatea 
tŁierii, dupŁ indicii economici, varianta optimŁ este 
construcŞia cu axa verticalŁ de rotaŞie a cuŞitelor [1]. 

Elaborarea vindroverului cu organele de lucru rotative 
necesitŁ efectuarea unui studiu teoretic al procesului de 
tŁiere ĸi deplasare a masei vegetale, lu´nd ´n consideraŞie 
multitudinea factorilor care au influenŞŁ asupra acestui 
proces (proprietŁŞile fizico-mecanice ale masei vegetale; 
vitezele de propulsare a agregatului tractor-maĸinŁ, 
vitezele de rotaŞie a discurilor de tŁiere ĸi ale tamburilor 
de antrenare ĸi deplasare a masei vegetale; parametrii 
geometrici ai organelor de lucru ai vindroverului.) 
 
MATERIAL ķI METODŀ 
Modelul fizic al procesului de tŁiere ĸi deplasare a 
masei vegetale  

Aparatul de tŁiere al vindroverului este dotat cu discuri 
de tŁiere ĸi tamburi pentru antrenarea ĸi deplasarea 
masei vegetale.  
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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 ï 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. 

tŁiere, reorientarea lor din poziŞia verticalŁ ´n cea 
orizontalŁ ĸi deplasarea cŁtre tŁvŁlugii de alimentare. 
La aproprierea vindroverului de tulpinŁ, discul 4 (fig. 1, 

2), amplasat în partea de jos a tamburului, taie tulpina, iar 
dinŞii la nivelul de jos al tamburului apucŁ tulpina 
evacuând-o din r©nd. Pentru antrenarea sigurŁ a tulpinii ´n 
procesul de evacuare participŁ simultan dinŞii tamburului 3 
amplasaŞi la nivelul de jos, precum ĸi la nivelurile 
superioare. La aceastŁ fazŁ tulpina este poziŞionatŁ ´ntre 
dinŞii tamburului 3 ĸi tijele 10 ( fig.1, 2). 

În procesul de evacuare tulpinile sunt acŞionate de dinŞii 
tamburului ĸi de partea superioarŁ a discului de tŁiere, cu 
care contacteazŁ baza (piciorul) tulpinii. La momentul 
iniŞial de contact cu organele menŞionate tulpina se aflŁ ´n 
legŁturŁ cu rŁdŁcina, apoi dupŁ tŁierea deplinŁ ï sub 
acŞiunea forŞei de inerŞie staticŁ. Din aceastŁ cauzŁ tulpina 
se lipeĸte de suprafaŞa dinŞilor tamburului (fig. 2 c). 

Rotindu-se ´mpreunŁ cu tamburul ĸi av©nd ca sprijin 
suprafaŞa superioarŁ a discului de tŁiere, tulpina este 
supusŁ influenŞei forŞelor centrifugale care pot s-o scoatŁ 
din antrenare cu dinŞii, dacŁ la acest moment tulpina nu 
este introdusŁ ´n contact cu suprafaŞa interioarŁ a tijei de 
ghidare. În cazul în care tulpina iese din antrenarea 
tamburului, ea se opreĸte ĸi peste o clipŁ, datoritŁ miĸcŁrii 
de translaŞie a vindroverului, este din nou antrenatŁ ´ntre 
dinŞii tamburului ĸi tijele de ghidare care impun direcŞia 
miĸcŁrii tulpinii. 

 

 
Fig. 2. Stages of engaging and evacuation of stalks with the rotary working bodies / 
Etapele de antrenare ĸi evacuare a tulpinilor cu organele de lucru rotative 

 
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. 

 DupŁ intrarea ´n camera de recepŞie a tŁvŁlugilor de 
alimentare, tulpina este reorientatŁ din poziŞia verticalŁ ´n 
cea orizontalŁ ĸi concomitent este scoasŁ din antrenare cu 
dinŞii tamburului cu ajutorul unor plŁci de expulzare speciale 
(fig. 2 d). Mai departe tulpinile sunt împinse în gura de 
alimentare a tŁvŁlugilor. 
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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 

energy Esum it is consumed directly for the bending of 

stalks relative to the point of the root (Eî), their cutting (Et), 
the stubble rubbing to the bottom (lower) of the rotary disk 
(Ef), the displacement of cutted part of the stalk (Ed) and 
the mechanical loss compensation Em: 

Realizarea unui vindrover cu eficienŞŁ ´naltŁ de 
funcŞionare necesitŁ nu numai crearea modelului fizic al 
procesului de lucru, dar ĸi argumentarea teoreticŁ a 
parametrilor acestui proces. 
 
REZULTATE 
Argumentarea teoreticŁ a parametrilor organului de 
tŁiere a tulpinilor 

Din modelul fizic elaborat reiese cŁ, ´n vindroverul 

(secerŁtoarea) cu organele de lucru rotative  energia Esum 

este consumatŁ nemijlocit pentru ´ncovoierea tulpinilor în 
raport cu punctul rŁdŁcinii (Eî), tŁierea acestora (Et), 
frecarea miriĸtii de cŁtre partea de jos (inferioarŁ) a discului 
rotativ (Ef), deplasarea pŁrŞii tŁiate a tulpinii (Ed) ĸi 
compensarea pierderilor mecanice Em: 

sum t î f d m
E E E E E E= + + + +    (1) 

In order to minimize the energy consumption, we shall 
analyze separately each member of equation (1). Energy 
consumption (Et) for cutting of stalks depends on the 
cutting force of a stalk Ft. According to [2, 3], the force Ft is 
determined from the empirical formula: 

 Ċn scopul minimizŁrii consumului de energie, vom 
analiza în parte fiecare din membrii ecuaŞiei (1). Consumul 
de energie (Et) pentru tŁierea tulpinilor depinde de forŞa 
tŁierii  unei tulpini Ft. Conform [2, 3], forŞa  Ft se determinŁ 
din formula empiricŁ: 

t c

t

b
F a

V
= + ,     (2) 

where a,b,c  are the empirical coefficients depending on 
the physical-mechanical properties of the stalk and the 
knife geometry ; Vt ï the cutting speed, m/s. 

As demonstrate the formula (2) and the results from 
research [4,5,6], the efficiency of plants cutting depends 
largely on the speed of knife. In the elaboration process of 
the machines with the rotary working bodies in order to 
obtain the cutting without support of the plant stalks 

cutting 
real

tV  to exceed the minimum value of the speed 

min

tV
, 

which depends on the physical-mechanical 

properties of the plants. According to [2], the minimum 
cutting speed of a stalk is equal to: 

 unde a,b,c  sunt coeficienŞii empirici care depind de 
proprietŁŞile fizico-mecanice ale tulpinii ĸi de geometria 
cuŞitului; Vt ï viteza de tŁiere, m/s. 
DupŁ cum demonstreazŁ formula (2) ĸi  rezultatele 

cercetŁrilor [4,5,6], eficienŞa procesului de tŁiere a 
plantelor depinde ´n marea mŁsurŁ de viteza cuŞitului. În 
procesul de elaborare a maĸinilor cu organele de lucru 
rotative pentru obŞinerea tŁierii fŁrŁ reazem a tulpinilor 
plantelor este important ca viteza de tŁiere realŁ a cuŞitului 

real

tV sŁ depŁĸeascŁ valoarea minimŁ a vitezei 
min

tV
, 

care depinde de proprietŁŞile fizico-mecanice ale 
plantelor. Conform [2], valoarea minimŁ a vitezei de tŁiere 
a unei tulpini este egalŁ cu: 

( )min
/

t
V P g Gg= ,      (3) 

where g is the acceleration of free fall (g = 9,81 m/s²);  

g is the specific weight, N/m³ ; gt Ö=rg  (
trïdensity of 

the material of the stalk, kg/m³); G ï the sliding module, 
kPa; P ï the limit stress in stalk, kPa. 

Professor Gutiar E.M. developed the physical cutting 
model of stalks and supposed that bending deformation of 
the stalk is moving from the place of cutting with the 
speed of sound, having the shape of a sinusoid. Based on 
the assumption mentioned the minimum allowable value 
of the cutting speed without support of a stalk is 
calculated following the formula: 

 unde g este  accelerarea de cŁdere liberŁ (g = 9,81 m/sĮ); 

g este greutatea specificŁ, N/mį ; gt Ö=rg  (
trï 

densitatea materialului tulpinii, kg/m³); G ï modulul de 
alunecare, kPa; P ï tensiunea limitŁ ´n tulpinŁ, kPa. 

Profesorul Gutiar E.M. a dezvoltat modelul fizic de 
tŁiere a tulpinilor ĸi a presupus cŁ deformaŞia de 
´ncovoiere a tulpinii se deplaseazŁ de la locul tŁieturii cu 
viteza sunetului, având forma unei sinusoide. În baza 
ipotezei menŞionate valoarea minimŁ admisibilŁ a vitezei 
de tŁiere fŁrŁ reazem a unei tulpini se calculeazŁ dupŁ 
formula: 

),/(min EgKV tt g=      (4) 

where Kt
 
este tensiunea de rupere prin tŁieturŁ, kPa;  

         E is the modulus of elasticity, kPa. 
The researches [1,2,7] demonstrate that for cutting 

without support of corn stalks, sweet sorghum the minimum 
speed of the knives it is necessary to overcome 30 m / s. 

The energetic parameters of the cutting process 
(cutting force, energy consumption) are influenced by the 
size of the stalk bending under the action of the knife. In 

this case, the increase of bending of the stalk increases 
the duration of the knife contact with the stalk and the 

 unde Kt
 
este tensiunea de rupere prin tŁieturŁ, kPa;  

         E este modul de elasticitate, kPa. 
CercetŁrile [1,2,7] demonstreazŁ  cŁ pentru tŁierea 

fŁrŁ reazem a tulpinilor de porumb, sorg zaharat viteza 
minimŁ a cuŞitelor este necesar sŁ depŁĸeascŁ 30m/s. 
Parametrii energetici ai procesului de tŁiere (forŞa de 

tŁiere, consumul de energie) sunt influenŞaŞi ĸi de 
mŁrimea ´ncovoierii tulpinii sub acŞiunea cuŞitului. Ċn acest 

caz  majorarea ´ncovoierii tulpinii mŁreĸte durata 
contactului  cuŞitului cu tulpina ĸi suprafaŞa secŞiunii 
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cross sectional area of the cut, becoming from 
perpendicular to the axis of the stalk (when bending is 
missing, î=0) tilted (î>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 Hm and the 

height of cut ht ( )m

î

t

H
r

h
=  (fig. 3.) 

It is obvious that the optimal variant is achieved when 
the bending of the stalk is minimal (î Ÿ 0, rîŸ1). The 
stalks bending minimization is favored by the increase of 

the cutting speed tV . As demonstrates the results of 

researches [2], increasing the speed tV  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 ´r 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 (î Ÿ 0). 

transversale a tŁieturii, care devine din perpendicularŁ 
cŁtre axa tulpinii (c©nd ´ncovoierea lipseĸte, ´=0) ´nclinatŁ 
(´>0). Prin urmare, ´ncovoierea tulpinii majoreazŁ 

consumul de energie ĸi ´nrŁutŁŞeĸte calitatea tŁieturii (fig. 
3) sporind cantitatea specificŁ a tŁieturilor rupte ĸi 
despicate. Gradul de încovoiere a tulpinii se poate  
aprecia în baza mai multor criterii: 

- Unghiul de ´nclinare al secŞiunii transversale a 
tŁieturii ´n raport cu axa tulpinii; 

- Cantitatea specificŁ a tŁieturilor rupte ĸi despicate; 
- Raportul dintre ´nŁlŞimea miriĸtii Hm ĸi ´nŁlŞimea de 

tŁiere ht )(
t

m

´
h

H
r = (fig. 3.) 

Este evident cŁ varianta optimŁ se obŞine atunci c©nd 
´ncovoierea tulpinii este minimŁ (´ Ÿ 0, rîŸ1). 
Minimizarea ´ncovoierii tulpinilor este favorizatŁ de 

majorarea vitezei de tŁiere tV . DupŁ cum demonstreazŁ 

rezultatele cercetŁrilor [2], creĸterea  vitezei tV  de la 

3...17 m/s (´n funcŞie de proprietŁŞile fizico-mecanice ale 
culturilor tŁiate) p©nŁ la 13...43 m/s reduce coeficientul de 

încovoiere ´r de la 1,2...1,5 p©nŁ la 1. Valoarea minimŁ 

a vitezei de tŁiere, la care coeficientul ´r se aproprie de 

1, asigurŁ tŁierea tulpinii cu ´ncovoierea minimŁ (´Ÿ 0). 
 

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

Schema de formare a ´ncovoierii tulpinii sub acŞiunea discului de tŁiere 
 

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

limit 10 ... 30 m/s ( 150th mm= ;b=20ę;=a 25ę) has the 

result of restricting the bending coefficient from 1.12 to 1.0 

(
min

t
V = 16 m/s). 

To calculate the duration of contact with plant stalk 
must know the value of bending (î) based on the values of 

cutting heights th  and of the stuble Hm. From the analysis 

of scheme in (Fig. 3) results: 

 Ċn baza unor cercetŁri prealabile cu tulpini de sorg 
zaharat  s-a stabilit cŁ schimbarea vitezei de tŁiere ´n 

limita 10...30 m/s ( 150th mm= ;b=20ę;=a 25ę) are drept 

consecinŞŁ reducerea coeficientului de ´ncovoiere de la 

1,12 p©nŁ la 1,0 (
min

t
V = 16 m/s). 

Pentru calcularea duratei contactului cuŞitului cu tulpina 
plantei trebuie sŁ cunoaĸtem valoarea ´ncovoierii (´) ´n 

baza valorilor ´nŁlŞimilor de tŁiere th  ĸi ale miriĸtii Hm. 

Din analiza schemei din (fig. 3) reiese: 

2 2

m t
î H h= -

      
(5)

 

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: 

 Durata contactului cuŞitului cu o tulpinŁ, care practic 
echivaleazŁ cu durata tŁierii acestei tulpini, se poate 
calcula dupŁ urmŁtoarea formulŁ: 

( )t
t

com

î d
T

V

+
= ,      (6) 

where dt is the diameter of the stalk, m; 
comV  is the the 

speed of translation of the aggregate, m/s. 

 unde dt este diametrul tulpinii, m; 
comV  ï viteza de 

translaŞie a agregatului, m/s. 
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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 

comV  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 Ef 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: 

DupŁ cum s-a menŞionat, la atingerea cuŞitului rotativ de 

tulpini, din cauza rezistenŞei la tŁiere se produce 

´ncovoierea tulpinii (fig. 3), a cŁrei marime depinde de 

proprietŁŞile fizico-mecanice ale tulpinii, înŁlŞimea tŁierii, 

parametrii cuŞitului rotativ (´n primul r´nd viteza de translaŞie 

comV  ĸi de rotaŞie w, grosimea muchiei de tŁiere, 

amplasarea faŞetei). Deoarece structura morfologicŁ a 

tulpinilor ´n secŞiune transversalŁ nu este uniformŁ (este 

constituitŁ din  tegument ĸi mŁduvŁ), ´n procesul de tŁiere a 

unei tulpini rezistenŞa variazŁ, respectiv se schimbŁ ĸi 

gradul de ´ncovoiere. Ċn condiŞiile menŞionate, pentru a 

reduce consumul de energie Ef este necesar sŁ se ´ncline 

suprafaŞa planŁ a discului rotativ în raport cu vectorul 

vitezei de translaŞie Vcom
 

, ceea ce permite excluderea 

contactului v´rfului miriĸtii cu suprafaŞa de jos a cuŞitului ï

disc. Pentru aceasta este necesar ca unghiul de înclinare a  
al discului (fig. 3) sŁ nu fie mai mic de: 

( )
,m tH h

tg
î

a
-

²  Ÿ 
´

hH
arctg tm-²a ,   (7) 

Taking into account the formula (5), we obtain  ŝin´nd cont de formula (5), obŞinem 

tm

tm

hH

hH
arctg

+

-
²a ,      (8) 

From geometrical parameters of the knife, a great 

influence on the cutting force (Ft) and respectively on the 

energy consumption (Et) 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 Vt. The minimum 

admissible speed Vt 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 Ft also influences on the energy 

consumption and depends in its turn on physico-

mechanical properties of the plants, the cutting speed Vt, 

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 Hm and the cutting height ht). 

 Din parametrii geometrici ai cuŞitului, o influenŞŁ mare 

asupra forŞei de tŁiere (Ft) ĸi respectiv asupra consumului 

de energie (Et) o au grosimea muchiei ĸi amplasarea 

faŞetei de ascuŞire a cuŞitului. Majorarea grosimii muchiei 

de la 0,025...0,030 mm p©nŁ la 0,10...0,12 mm mŁreĸte 

forŞa de tŁiere ´n medie cu 12...18%. CondiŞii mai bune 

pentru tŁiere sunt asigurate ´n cazul amplasŁrii faŞetei în 

partea de jos a cuŞitului [2].  

 
CONCLUZII 

1. Pentru tŁierea plantelor cu tulpini groase (sorg 

zaharat, porumb, floarea-soarelui etc.) sunt eficiente 

aparate cu axa verticalŁ de rotaŞie a organelor de lucru. 

Aceste aparate, av´nd construcŞia respectivŁ, pot efectua 

tŁierea cu ĸi fŁrŁ reazem al tulpinilor. Modelul fizic al 

procesului de tŁiere, antrenare, deplasare a masei 

vegetale cu organele de lucru rotative reflectŁ interacŞiunea 

lor ´n dinamicŁ ĸi permite efectuarea argumentŁrii 

teoretice a parametrilor constructivi ĸi cinematici ai 

vindroverului. Din modelul fizic reiese cŁ ´n vindrover 

energia este consumatŁ pentru ´ncovoierea ĸi tŁierea 

tulpinilor, frecarea miriĸtii de partea inferioarŁ a discului 

rotativ, deplasarea tulpinilor ĸi compensarea pierderilor 

mecanice. 

2. Consumul energiei pentru tŁierea ĸi ´ncovoierea tulpinilor 

depinde preponderent de viteza tŁierii Vt. Valoarea minim 

admisibilŁ a vitezei Vt este determinatŁ de proprietŁŞile 

fizico-mecanice ale plantelor (greutatea specificŁ ĸi de 

alunecare, tensiunea limitŁ ´n tulpinŁ, tensiunea de rupere 

prin tŁiere, moduluri de elasticitate ĸi de alunecare). 

3. ForŞa de tŁiere Ft de asemenea influenŞeazŁ asupra 

consumului de energie ĸi depinde la r´ndul ei de 

proprietŁŞile fizico-mecanice ale plantelor, viteza de tŁiere 

Vt, precum ĸi de geometria cuŞitului. Sunt propuse pentru 

utilizarea practicŁ criterii de apreciere a ´ncovoierii 

tulpinilor (unghiul de înclinare a secŞiunii transversale a 

tŁieturii, numŁrul specific al tŁieturilor rupte ĸi despicate, 

raportul dintre ´nŁlŞimea miriĸtii Hm ĸi ´nŁlŞimea de tŁiere ht). 
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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

-1
 , with a fuel consumption of the 15.17 L 

ha 
- 1

 up to 19.42 L ha 
-1

. 
 
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

th
 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

-1
 ( 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 

 Rezime: Kvalitet rada ureĽaja za ubiranje klipa 
merkantilnog kukuruza ogleda se sa aspekta visine 
ostvarenih gubitaka, kvaliteta ubrane mase i visine reza 
seļke. Savremena reġenja ureĽaja koji se koriste treba da 
obezbede kvalitetno ubiranje u razliļitim uslovima, pri 
ļemu ostvareni gubici i oġteĺenje zrna ne prelaze 
tolerantne vrednosti. U radu su izloģeni rezultati 
eksploatacionih ispitivanja kvaliteta rada dva tipa 
samohodnih kombajna za  ubiranje merkantilnog kukuruza  
u klipu, u agroekoloġkim uslovima centralne Srbije 
(Ġumadijski okrug). Cilj istraģivanja je bio da se utvrdi 
kvalitet rada, produktivnost rada i potroġnja goriva. 
Ispitivanja su obavljena dvofazno. U prvoj fazi su 
utvrĽivani uslovi rada, dok su u drugoj fazi utvrĽeni efekti 
rada u zavisnosti od definisanih parametara. U ubranoj 
masi klipa kukuruza prvog kombajna bilo je 91,06-94,82%  
neoġteĺenih - celih zdravih klipova i 5,18-8,94% oġteĺenih 
klipova, dok je neokomuġanih klipova bilo 8,69-10,25 %.  
Gubici zrna su varirali u rasponu od 0,87-2,96%. Kod 
drugog tipa kombajna bilo je 89,48-93,48% celih 
neoġteĺenih klipova i 6,52-10,52% oġteĺenih klipova, dok 
je sadrģaj neokomuġanih klipova iznosio 9,63-11,43%. 
Gubici zrna su varirali u rasponu od 0,87-3,25%. Brzina 
kretanja znaļajno je uticala na poveĺanje visine reza 
seļke, tako da je ona bila u granicama od 18,95 pa do 
32,74 cm. Produktivnost rada kretala se u rasponu od 
1,17-1,65 ha h

-1
, uz potroġnju goriva od 15,17 L ha

-1
 pa do 

18,91 L ha
-1

. 
 
Kljuļne reļi: samohodni kombajn, kukuruz, kvalitet, gubici.  
 
 
UVOD 

Proces ubiranja kukuruza vrġi se u  fazi tehnoloġke 
zrelosti, odnosno u fazi prelaza iz voġtane u punu zrelost. 
U sluļajevima kada postoje uslovi za dosuġivanje, 
ubiranje se obavlja kada je sadrģaj vode u zrnu 35%, dok 
se u sluļajevima kada nema dosuġivanja ubiranje obavlja 
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  5,1 t ha

-1
 (Statistiļki godiġnjak 

Srbije, 2012.). Najveĺi deo ubranog kukurza koristi se kao 
stoļna hrana i pored ļinjenice da se od kukuruza moģe 
dobiti veliki broj proizvoda. To su pre svega prehrambeni 
proizvodi (za odojļad, kukuruzne pahuljice, sredstva za 
uguġĺivanje hrane, za popravku hleba, specijlnai hleb, 
supe, paġtete, zaļini, guma za ģvakanje, skrob, ġeĺer), 
lekarski proizvodi, farmaceutska i kozmetiļka sredstva, 
raznji napici (alkohol, jabuļna, mleļa i limunska kiselina), 
tekstilni proizvodi (veġtaļko vlakno), hemijski proizvodi 
(boje, politure, azbesti, nitroceluloza, hartije i plastiļne 
mase), kao i za dobijanje bioetanola. U uslovima 
centralne Srbije za ubiranje kukuruza koriste se razliļiti 
tipovi beraļa i samohodnih kombajna, pri ļemu 
dominiraju koriġĺeni kombajni i beraļi koji su uvezeni iz 
EU, dok su u manjoj meri zastupljeni novi beraļi i 
kombajni. Od ureĽaja koji su instalirani na beraļima i 
kombajnima za berbu merkantilnog kukuruza se zahteva 
kvalitetna berba u razliļitim uslovima, a da se pri tom ne 
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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 
maize grain during harvest picker  ''Berkoò and speed of 
5.62 km h

-1
 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

-1
 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 Malinoviĺ et al.(2002).Losses of unmanned 
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 (Malinoviĺ et al. 2003). Contents 
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 mercantile maize , Malinoviĺ et 
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

-1
) 

amounted to 1.5-2 %. In terms of harvesting of maize fuel 
consumption Claaas Lexion 450 combine was 14.04 Lha

-1
 

and 58.97 L h
-1

, for a performance of 4.2 ha h
-1

 and the 
average speed of 8.0 km h-1 (Djeviĺ et al. 2004). At a 
speed of 2 m s

-1
 it has been achieved throughput of 1.9 kg 

s
-1

 clip on husker, while with the speed of 1.53 m s
-1

 flow 
was 2.18 kg s

-1
. Loss of free kernels varied in the range of 

0.75 - 4.02 %, while the total 2.5 - 4.9 %  citation Meġi et 
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

-1
. The same 

author states that the losses were varied in the range 
2.34-2.65%. Examining the pickers to harvest commercial 
maize on the pistons in Toplica county, Baraĺ et al. 
(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

-1
), to 97.15% picker type B 

(standard operating speed of 4.10 km h
-1

). Contents of 

prekoraļuju tolerantne vrednosti gubitaka i oġteĺenja 
zrna. Pored toga, kapacitet pojedinih beraļkih sekcija 
utiļe na produktivnost kombajna. Tehniļko-tehnoloġka 
reġenja ureĽaja za berbu klipa merkantilnog kukuruza 
ukljuļuju i seļku stabljike kao sastavni deo ureĽaja. 
Njena funkcija je sitnjenje mase stabljike kako bi parcela 
bila spremna za sledeĺu agrotehniļku meru, odnosno 
obradu zemljiġta.  Problemima ubiranja kukuruza bavilo 
se viġe istraģivaļa. Furman i sar. (2001), navode da su 
gubici zrna kukuruza u toku ubiranja  beraļem ''Berko'' pri 
brzini kretanja od 5,62 km h

-1
 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  Pintara (2000.). Pri ostvarenom  protoku klipova  
od 45 t h

-1 
ukupni gubici su bili u tolerantnim granicama 

sa ļistoĺom zrna od 99,5% i malim oġteĺenjem i lomom 
zrna do 3%. Samohodni kombajni i beraļi koji se koriste  
za berbu klipa kukuruza, pored visoke tehniļke 
pouzdanosti, treba da ispune i uslove visoke energetske i 
kapacitivne harmoniļnosti, komfornosti u rukovanju i 
odrģavanju, visok kvalitet branja, komuġanja i ļiġĺenja, 
navode Malinoviĺ i sar. (2002.).  Gubici beraļke sekcije 
samohodnog beraļa  kukuruza óôBERKO 041ôô su  bili u 
granicama dozvoljenih vrednosti i varirali su u rasponu od 
2,3-3,54%, u zavisnosti od reģima rada (Malinoviĺ i 
sar.,2003.).   Sadrģaj celih klipova varirao je od 97,3-
97,5%, polomljenih 0,9-1,5%, a neokomuġanih 12-15%. 
Ispitujuĺi razliļite ureĽaje za berbu klipa merkantilnog 
kukuruza, Malinoviĺ i sar. (2003.) navode da je visina 
reza seļke kod ureĽaja tipa óôAôô varirala u rasponu od 
18,5-23,9 cm, kod ureĽaja tipa óôBôô u rasponu od 18-23 
cm, a kod ureĽaja tipa óôCôô od 23,4-47,3 cm. Brzina 
kretanja nije znaļajnije uticala na poveĺanje visine reza 
kod ureĽaja óôAôô i óôBôô, dok je kod tipa óôCôô imala znaļajan 
uticaj.  Isti autori navode da su ukupni gubici zrna bili u 
granicama do 1%  kod ureĽaja A i B, dok su kod ureĽaja 
C u odreĽenim uslovima i veĺim brzinama (10 km h

-1
) 

iznosili 1,5-2%. U uslovima ubiranja kukuruza potroġnja 
goriva kombajna Claaas Lexion 450 iznosila je  14,04 L 
ha

-1
 odnosno 58,97 L h

-1
, pri uļinku od 4,2 ha h

-1
  i 

proseļnoj brzini kretanja od 8.0 km h
-1

 (ņeviĺ i sar., 
2004.). Pri brzini beraļa kukuruza od 2 m s

-1
 ostvaren je 

protok od 1,9 kg s
-1

 klipa na komuġaljci, dok je pri brzini 
kretanja od 1,53 m s

-1
 protok bio 2,18 kg s

-1
. Gubici 

slobodnog zrna varirali su u rasponu od 0,75-4,02%, a 
ukupni 2,5-4,9%, navode Meġi i sar. (2009.). Primenom 
snaģnih traktora, razvojem kvalitetnih i odrģivih beraļa i 
uvoĽenjem hibridnog semena kukuruza, bile su 
omoguĺene znaļajne promene u proizvodnji kukuruza 
(Bogue, 2009). U cilju stvaranja uslova za stabilniju, veĺu 
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% neoġteĺenih i od 9.40-15%  neokomuġanih 
klipova. Gubici se mogu smatrati zadovoljavajuĺim  ako 
se nalaze u tolerantnim vrednostima (0.54-1.79%). 
Proces ubiranja kukuruza ukljuļuje gubitke koji se ne 
mogu svesti na nula procenata, ali sa pravilnim izborom 
relevantnih parametara postoji moguĺnost da se mogu 
kontrolisati na prihvatljivom nivou, navodi Mostofi (2011). 
Ispitivanja kombajna za ubiranje kukuruza izvrġena su pri 
tri sadrģaja vlage  19, 23 i 27%, pri brzini  od 0,8; 1,2  i 
1,6 m s

-1
. Isti autor navodi da su gubici varirali u rasponu 

od 2,34-2,65%. Ispitujuĺi beraļe za ubiranje  
merkantilnog kukuruza  u klipu u Topliļkom okrugu, 
Baraĺ i sar. (2012), navode da je sadrģaj celog 
neoġteĺenog klipa bio u granicama od 88,23% (beraļ tipa 
A, radna brzina od 7,21 km h

-1
), pa do 97,15% beraļ tipa 

B (standard, radna brzina 4,10 km h
-1
). Sadrģaj oġteĺenih 
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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
th
 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
-1

 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
-1

, 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
-1

, while the operating 

speed of the control treatment (Settings owners combine ) 

was 8.86 km h
-1

 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. 

klipova kukuruza varirao je u rasponu od 2,85% (beraļ 
tipa B, standardna varijanta), pa do 11,77% u kontolnoj 
varijanti (beraļ tipa A), navode isti autori. 
 
 

MATERIJAL I METOD  

U prozvodnim uslovima na parcelama privatnih 

zemljoposednika u toku 2011.  u agroekoloġkim uslovima 

centralne Srbije (Ġumadijski okrug, 44Á04'60" N, 20°52'60" 

E) izvrġena ispitivanja dva tipa samohodnih kombajna za 

ubiranje merkantilnog kukuruza u klipu. Ispitivani su efekti 

rada samohodnog kombajna ZMAJ 240 (oznaļen kao 

kombajn A) i Burgoin MD-8 (oznaļen kao kombajn B), u 

zavisnosti od definisanih parametara.  

Metod ispitivanja proizaġao je iz cilja istraģivanja i 

predstavlja prilagoĽenu standardnu metodiku ispitivanja 

beraļa kukuruza, dopunjenu potrebnim ocenama. 

Ispitivanja su obavljena dvofazno. U prvoj fazi su 

utvrĽivani uslovi rada, a voĽeno je raļuna o ujednaļenosti 

sklopa i ujednaļenosti biljaka i klipa po visini, kao i 

prisustvu korovskih biljaka. Povrġine na kojima su 

izvrġena ispitivanja su bile uglavnom ravne,  a zastupljeni 

su bili hibridi kukurza ZP 600 i NS 640. U drugoj fazi su 

utvrĽeni efekti rada samohodnih kombajna za ubiranje 

merkantilnog kukuruza u klipu, u zavisnosti od definisanih 

parametara. UtvrĽen je kvalitet ubranog klipa, gubici zrna, 

stepen krunjenja i oġteĺenja zrna, visina reza seļke. 

Kvalitet klipa u bunkeru beraļa obuhvatio je stepen 

ļiġĺenja i komuġanja, ukupne gubitke zrna, stepen 

krunjenja klipa i oġteĺenja zrna. Visina reza seļke 

utvrĽivana je merenjem odrezanih biljaka  nakon prolaska 

kombajna. Pored toga, odreĽena je potroġnja goriva 

zapreminskom metodom kao i ostvareni uļinak ispitivanih 

kombajna hronometrijskom metodom.  

U toku rada prvog kombajna ZMAJ 240 (kombajn tip A), 

pri reģimu radnih brzina od 8,12 i 8,41 km h
-1  

zazor 

izmeĽu otkidaļkih ploļa iznosio je 50 mm na ulazu, 

odnosno 10 mm na izlazu. U kontrolnoj varijanti 

(podeġavanja vlasnika kombajna) radna brzina ovog 

kombajna je bila 8,67 km h
-1

,
 
uz zazor izmeĽu otkidaļkih 

ploļa od 60 mm na ulazu i 18 mm na izlazu).  

Kod kombajna Burgoin MD8 (tip B), u korigovanoj 

varijanti (standard), zazor izmeĽu otkidaļkih ploļa je 

iznosio 125 mm na ulazu, odnodno 16 mm na izlazu, a 

radne brzine iznosile 8,21 i 8,50 km h
-1

, dok je radna 

brzina u kontrolnoj varijanti (podeġavanja vlasnika 

kombajna) iznosila 8,82 
 
km h

-1 
uz zazor izmeĽu otkidaļkih 

ploļa od 135 mm na ulazu i 23 mm na izlazu. 

Podeġavanja samohodnih kombajna za berbu kukuruza u 

klipu su izvrġena prema tehniļkom uputstvu, u skladu sa 

uslovima na parcelama.  

U toku ispitivanja kombajna, standardna varijanta je predstavljala 

korekcije podeġavanja u odnosu na podeġavanja koja su 

obavljali vlasnici samohodnih kombajna (izbor stepena 

prenosa i razmak izmeĽu otkidaļkih ploļa), ġto je 

predstavljalo kontrolnu varijantu Oba tipa kombajna za 

ubiranje klipa merkantilnog kukuruza u klipu su radila u 

sliļnim uslovima. U istraģivanjima su koriġĺene posude, 

ġtoperica, vreĺe za uzorke, trasirke i drugo.  

Primenjena metodika je standardna za poljsko-

laboratorijska i eksploataciona ispitivanja, a obuvata 

ispitivanja beraļa kukuruza i kombajna (ISO 8210). 

Dobijeni rezultati su obraĽeni i prikazani tabelarno. 

U tabeli 1 prikazani su tehniļke podaci ispitivanih 

kombajna. 
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Table 1 / Tabela 1 

Technical data examined combines / Tehniļki podaci ispitivanih kombajna 
 

Parameters / Parametri 

Type of self-propelled maize combine 
harvesters / ʊip samohodnog kombajna za 

ubiranje kuruza  

ZMAJ 240 [A]  Burgoin MD8 [B] 

Number of rows / Broj redova  4 2 

Length / Duģina [m] 6.5 / 6,5 7.10 / 7,10 

Width / Ġirina [m] 3.5 / 3,60 2.45 / 2,45 

Mass / Teģina [kg] 7000 3945 

Hopper volume / Zapremina bunkera [l] 6800 3300 

Discharge height / Visina praģnjenja [mm] 2.5 / 2,5 3.29 / 3,29 

Required power / Snaga motora [kW] 105 58.9 / 58,9 

Type of engines / Tip motora - TS-46 IMR FIATD4 

Working speed / Brzina kretanja [km h
-1
] 0 - 18 0 - 25 

Emptying bunkers / Kipovanje bunkera - Hydraulic Hydraulic 

Husking section (number of rollers) / Komuġaļka sekcija (broj valjaka) - 16 12 

Speed emptying bunkers / Brzina praģnjenja bunkera [min] 1  2 

Distance of shearpanels / Razmak otkidaļkih ploļa 
At the entrance /Na ulazu  [mm] 50; 60 125;135 

At the exite / Na izlazu [mm] 10; 18 16; 23 

 
RESULTS 

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

-1
, 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

-2
. 

 REZULTATI 

U tabeli broj 2 prikazani su osnovni podaci o stanju 
useva kukuruza na parcelama na kojima su izvrġena 
ispitivanja. Rezultati izloģeni u tabeli 2 ukazuju da su 
kombajni radili u sliļnim proizvodnim uslovima.  
Proseļan prinos zrna je bio u intervalu od 5382-5440 

kg ha
-1
, dok se proseļna visini stabljika kukuruza kretala u 

rasponu od 2,18 - 2,36 m. Proseļna visina  nasaĽenosti  
klipova na stabljici se kretala u rasponu od 1,29 - 1,34 m. 
Kod oba ispitivana kombajna zabeleģeno je prisustvo 
korova  proseļne visine 1,15,  odnosno 1,32 m, u koliļini 
od 0,5-2,3 kg m

-2
.  

 
Table 2 / Tabela 2 

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

Parameters / Parametri 
Type of combine / Tip kombajna  

ZMAJ 240 [A] Burgoin MD8 [B] 

Yield 
Prinos 

Biological yield / Bioloġki prinos [kg ha
-1
] 14214 14189 

Ear yield of maize / Prinos klipa kukuruza [kg ha
-1
] 7120 6934 

Grain yield / Prinos zrna [kg ha
-1
] 5382 5440 
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Number of plants / Broj biljaka 
[plant ha

-1
/ 

biljaka ha
-1
] 

56689 51203 

The average plant height / Proseļna visina stabljike [m] 2.18 /2,18 2.36 /2,36 

The average height set on ear / Proseļna visina nasaĽenosti klipa [m] 1.29 /1,29 1.34 / 1,34 

The average distance between plants / Proseļni razmak izmeĽu biljaka [cm] 25.2 / 25,2 28.9 / 28,9 

The average thickness of stem at a height of 30 cm / Proseļna debljina 
stabljike na visini od 30 cm 

[cm] 25.3 / 25,3 27.1 / 27,1 

The average thickness of the stalk below the ear / Proseļna debljina 
stabljike ispod klipa 

[cm] 21.9 / 21,9 24.2 / 24,2 

Moisture corn grain / Vlaģnost zrna [%] 24.50 / 24,50 23.62 / 23,62 

1000 grain weight / Masa 1000 zrna [g] 457  459 

The average length of a clip / Proseļna  duģina klipa [cm] 27.4 / 27,4 28.3 / 28,3 

The amount of weed plants / Koliļina korovskih biljaka [kg m
-2
] 0.5 -1.6 / 0,5 -1,6 0.6 - 2.3 / 0,6 - 2,3 

Average height of weeds / Proseļna visina korovskih biljaka [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 
samohodnih beraļa merkantilnog kukuruza  u klipu, u 
zavisnosti od promene definisanih parametara. Na osnovu 
rezultata prikazanih u tabeli 3, moģe se uoļiti da je 
promena relevantnih parametara  ispoljila znaļajan uticaj 
na kvalitet rada ispitivanih beraļa.  
Na osnovu rezultata koji zu prikazani u tabeli 3, zapaģa 

se da je interakcija promene reģima radnih brzina i zazora 
izmeĽu otkidaļkih ploļa na ulazu i izlazu u znaļajnoj meri 
ispoljila uticaj na kvalitet rada ispitivanih samohodnih 
kombajna za ubiranje merkantilnog kukuruza u klipu.  
Najveĺi sadrģaj celog zdravog neoġteĺenog klipa 



INTERNATIONAL SYMPOSIUM
   

 

 

35 

The highest content of all healthy intact maize was 
recorded at the combine A (ZMAJ 240) at operating speed 
of 8.12 km h

-1
 and was 94.82% in the standard version, 

and the lowest in combine  B (Burgoine MD8 ) 89.48 %, 
and 8.82 km h

-1
 in the control plots. 

kukuruza zabeleģen je kod kombajna A (ZMAJ 240)  pri 
radnoj brzini od 8,12 km h

-1
 i iznosio je 94,82% u 

standardnoj varijanti,  a najmanji  kod kombajna B  
(Burgoin MD8) 89,48%, pri 8,82 km h

-1
 u kontrolnoj 

varijanti. 
 

Table 3 / Tabela 3 
The quality of a clip in hopper / Kvalitet klipa u bunkeru 

 

Type 
of combines / 

Tip 
kombajna 

Distance of shear 
panels / 

Razmak otkidaļkih 
ploļa 

Working 
Speed / 
Radna 
brzina 

[km h
-1
] 

Quality of the husking / 
Kvalitet komuġanja 

[%] 

Nonhusking 
clips of the 

maize / 
Neokomuġani 

klipovi [%] 

Loss of the 
grains / 
Gubitak 

zrna 
[%] 

Coronation 
clips / 

Krunjenje 
klipa 

[%] 
Husking / 
Okomuġani 

Damaged / 
Oġteĺeni 

ZMAJ 240 
[A] 

Standard / 
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 

8.41 / 8,40 93.45 / 93,45 6.55 / 6,55  9.83 / 9,83 1.54 / 1,54 2.45 / 2,45 

Ø Control 
Kontrola 

60; 18 8.67 / 8,67 91.06 / 91,06 8.94 / 8,94 10.25 / 10,25 2.96 / 2,96 4.98 / 4,98 

Burgoin               
MD8 
[B] 

Standard/ 
Standard 

125; 
16 

8.21 / 8,21 93.48 / 93,48 6.52 / 6,52 9.63 / 9,63 1.44 / 1,44 2.30 / 2,30 

8.50 / 8,40 91.67 / 91,67 8.33 / 8,33 10.24 / 10,24 2.15 / 2,15 4.12 / 4,12 

Ø Control 
Kontrola 

135; 
23 

8.82 / 8,82 89.48 / 89,48 10.52 / 10,52 11.43 / 11,43 3.25 / 3,25 6.38 / 6,38 

 

Analyzing the results of the tested self-propelled 
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

-1
 in standard 

variant), to 10.52 % (Harvester B, 8.79 km h
-1

 in control). 
Content of unhusked pistons varied in the range of 8.69 % 
for the combine A and speed of 8.14 km h

-1
 (standard - 

corrected version), to 11.43 % (Harvester B, 8.79 km h
-1

 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

-1
, 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

-1
 (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

- 1
 standard), up to 6.38 % (Combine B. 8.79 

km h
-1

 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 
authors (Pintara 2000.; Furman et al., 2001; Laziĺ et al., 
2002; Malinovic et al., 2003; Meġi et al., 2009; Mostofi  
2011 and Baraĺ et al., 2012). 

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 

 Analizirajuĺi dobijene rezultate kod ispitivanih 
samohodnih kombajna za ubiranje merkantilnog kukuruza 
u klipu, zapaģa se da se poveĺanjem reģima radne brzine i 
promenom zazora izmeĽu otkidaļkih ploļa na ulazu i 
izlazu, u znaļajnoj meri smanjuje procenat celih 
neoġteĺenih klipova kukuruza, pri ļemu je najmanji sadrģaj 
zabeleģen u ubranoj masi oba kombajna u kontrolnoj 
varijanti. Ġto se oġteĺenih klipova kukuruza tiļe, zapaģa se 
sliļan uticaj definisanih parametara.  Sa promenom reģima 
radne brzine i poveĺavao se sadrģaj oġteĺenih klipova i on 
se kretao u rasponu od 5,18% (kombajn A 8,12 km h

-1
 u 

standardnoj varijanti), pa do 10,52% (kombajn B, 8,82 km 
h

-1
 u kontroli). Sadrģaj neokomuġanih klipova je varirao u 

rasponu od 8,69% kod kombajna A pri brzini kretanja od 
8,12 km h

-1
 (standard-korigovana varijanta),  pa do 11,43% 

(kombajn B, 8,82 km h
-1

, kontrolna varijanta).  
Korekcije u podeġavanjima koje smo obavili u 

standardnoj varijanti u odnosu na podeġavnja vlasnika 
kombajna u kontrolnoj varijanti imale su za rezultat 
znaļajno smanjenje ukupnih gubitaka zrna.  

Najveĺi ukupni gubici zrna ostvareni su pri ispitivanju 
kombajna B i to 3,25% (kontrolna varijanta, radna brzina 
8,82 km h

-1
, zazor izmeĽu otkidaļkih ploļa na ulazu 135 

mm i 23 mm na izlazu), dok su najmanji gubici zrna 
kukuruza u iznosu od 0,87% izmereni kod kombajna A, pri 
reģimu radne brzine od 8,12 km h

-1
 (standard-korigovana 

varijanta, zazor otkidaļkih ploļa na ulazu 50 mm i na 
izlazu 10 mm). Kod oba ispitivana samohodna kombajna 
za ubiranje merkantilnog kukuruza u klipu je zabeleģno 
krunjenje klipa i ono se kretalo u rasponu od 1,75% 
(kombajn A pri 8,12 km h

-1
, standard), pa do 6,38% 

(kombajn B, 8,82 km h
-1

, kontrolna varijanta). 
Kvalitetniji rad prvog ispitivanog samohodnog 

kombajna u odnosu na drugi ispitivani kombajn se pre 
svega objaġnjava ļinjenicom da su  relevantni parametri 
za rad kombajna bolje usklaĽeni sa uslovima rada u 
odnosu na drugi, iako su oba kombajna u dugogodiġnjoj 
eksploataciji.  

Dobijeni rezultati su saglasni sa rezultatima drugih 
autora (Pintara, 2000; Furman i sar., 2001; Laziĺ i sar, 
2002; Malinovic i sar, 2003; Meġi i sar, 2009; Mostofi, 
2011. i Barac i sar., 2012). 
Znaļajan parametar u analizi efikasnosti i kvaliteta rada 

predstavljaju proizvodni parametri samohodnih kombajna 
za ubiranje merkantilnog kukuruza u klipu.  U zavisnosti od 
reģima radne brzine kombajna (izbor odgovarajuĺeg 
stepena prenosa  i podeġavanja za koja je procenjeno 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 merenja eksploatacionih karakteristika 
kombajna u okviru kojih je vrġeno  hronometrisanje, 
merena potroġnja goriva i visina reza seļke prilikom 
odsecanja stabljike kukuruza. 

U tabeli broj 4 prikazani su proizvodni pokazatelji rada 
ispitivanih kombajna i visina reza seļke.  

 
Table 4 / Tabela 4 

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

 

Type of combines /  
Tip kombajna 

Working speed / 
Radna brzina 

[km h
-1
]  

Productivity / 
Uļinak 
[ha h

-1
] 

Fuel consumption / 
Potroġnja goriva 

Height of the beet toping / 
Visina odsecanja stabljike 

[cm]  [L h
-1
]  [L ha

-1
] 

ZMAJ 240 [A]  

8.12 / 8,12 1.17 / 1,17 17.75 / 17,75 15.17 / 15,17 18.95 / 18,95 

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 

Burgoin MD8 [B] 

8.21 / 8,21 1.10 / 1,10 14.18 / 14,18 12.89 / 12,89 19.85 / 19,85 

8.50 / 8,40 1.28 / 1,28 21.30 / 21,30 16.64 / 16,64 26.74 / 26,74 

8.82 / 8,82 1.32 / 1,32 25.63 / 25,63 19.42 / 19,42 32.74 / 32,74 

 

Based on the results shown in table 4, it can be noted 
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

-1
 up to 1.65 ha h

-1
 at the combine A 

(ZMAJ 240), while the effects of other investigational 
combine varied in the range of 1.10 to 1.32 h ha

-1
 

(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

-1
 combines of 

the B mode operation speed of 8.21 km h
-1

, to 31.20 L h
-1

  
at the combine A mode engine speed 8.67 km h

-1
. For 

different values of fuel consumption tested prior 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 

 Na osnovu rezultata koji su prikazani u tabeli 4 zapaģa 
se da je promena definisanih parametara u znaļajnoj meri 
uticala na vrednosti eksploatacionih pokazatelja rada 
ispitivanih kombajna, pri ļemu se proseļne vrednosti 
eksploatacionih pokazatelja nalaze uglavnom na 
oļekivanom nivou. Ostvareni uļinci su se kretali u 
granicama od 1,17 ha h

-1 
pa do 1,65 ha h

-1 
kod kombajna 

A (ZMAJ 240), dok su uļinci kod drugog ispitivanog 
kombajna varirali u rasponu od 1,10-1,32 ha h

-1
 (Burgoin 

MD8). Kod svih ispitivanih kombajna zapaģa se da se 
ostvareni uļinci poveĺavaju sa porastom radne brzine.  

Analizairajuĺi potroġnju goriva na osnovu rezultata koji 
su prikazani u tabeli broj 4, zapaģamo da je promena 
definisanih parametara ispoljila sliļan uticaj. Tako je  
potroġnja goriva  bila u granicama od 14,18 L h

-1
 kod 

kombajna B pri reģimu radne brzine od 8,21 km h
-1

, pa do 
31,20 L h

-1
 kod kombajna A pri reģimu radne brzine 8,67 

km h
-1

. Na razliļite vrednosti potroġnje goriva ispitivanih 
kombajna pre sve uticaj je imala masa ispitivanih kombaja 
i trenutni uslovi na parcelama na kojima su izvedena 
ispitivanja. 

Visina ostataka stabljika, odnosno visina reza seļke se 
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. Visina reza seļke je veoma bitan pokazatelj, imajuĺi u 
vidu ļinjenicu da nizak rez i dobro usitnjavanje stabljika 
obezbeĽuje nesmetanu osnovnu obradu i druge 
agrotehniļke operacije koje se izvode nakon ubiranja 
kukuruza.  
Na osnovu dobijenih rezultata moģe zakljuļiti da je 

promena reģima radne brzine znaļajno uticala na 
poveĺanje visina reza seļke, naroļito kod drugog 
ispitivanog kombajna. 
 
ZAKLJUĻAK 

Na osnovu rezultata istraģivanja efekata rada 
kombajna ZMAJ 240 i Burgoin MD8 pri ubiranju 
merkantilnog kukuruza u klipu moģe se zakljuļiti da su 
ispitivani kombajni u toku ispitivanja u sliļnim uslovima 
pokazali dobre rezultate.  

Interakcija promene relevantnih parametara znaļajno 
je uticala na kvalitet rada kombajna i veliļinu ostvarenih 
gubitaka. Sadrģaj celog neoġteĺenog klipa u  u bunkeru 
kombajna bio je u granicama od  89,48%  kod kombajna B 
(kontrola), pa do 94,82% kod kombajna A (standard).  
Sadrģaj oġteĺenih klipova varirao je u rasponu od 5,18-
8,94% (kombajn A),  odnosno 6,52-10,52% (kombajn B). 
Najmanji sadrģaj neokomuġanih klipova kukuruza izmeren 
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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

-1
), to 1.65 ha h

-1
 

(combine A 8.67 km h
-1

).  
Fuel consumption ranged from 15.17 L ha

-1
 (combine 

A) , to the 19.42 L ha
-1

 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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[7]. Malinovic N, Mehandzic R, Furman T. (2003) - Testing 
of device for picking mercantile maize, Contemporary  
Agricultural  Engineering Vol. 29 (4),ISSN 0350-2953, pg. 
173-178; 
[8]. Meġi M., Malinoviĺ N., Kostiĺ M., SinĽiĺ M. (2009) - 

je u ubranoj masi kombajna A i iznosio je 8,69%, a najveĺi 
u iznosu od  11,43% u ubranoj  masi kombajna B.  
Najveĺi ukupni gubici zrna izmereni su kod kombajna B 

i to 3,25%, a najmanji u iznosu od 0,87% kod kombajna  
A, pri ļemu se zapaģa da se pri promeni uslova rada i 
poveĺanim brzinama kretanja ukupni gubici zrna 
poveĺavaju. Veĺi nivo okrunjenosti klipa dostignut je kod 
oba ispitivana samohodna kombajna za ubiranje kukuruza 
u klipu. Krunjenje klipa se kretalo u granicama od 1,75% 
(kombajn A), pa do 6,38% (kombajn B).  
Ostvareni uļinak se kretao u rasponu od 1,17 ha h

-1
 

(kombajn A, reģim radne brzine od 8,12 km h
-1

), pa do 
1,65 ha h

-1 
(kombajn A 8,67 km h

-1
).  

Potroġnja goriva se kretala u rasponu od  15,17 L ha
-1

 
(kombajn A), pa do  19,42 L ha

-1 
kod kombajna B.  Visina 

reza seļke se kretala u granicama od 18,95-32,74 cm.  
Kvalitetniji rad prvog ispitivanog samohodnog 

kombajna u odnosu na drugi se pre svega objaġnjava 
ļinjenicom da su  relevantni parametri za rad kombajna 
bolje usklaĽeni sa uslovima rada i stanjem useva na 
parceli u odnosu na drugi kombajn,  iako su oba 
kombajna u dugogodiġnjoj eksploataciji. Korekcije i 
poboljġanja koja su obavljena su znaļjano uticala na 
efekte rada kod oba ispitivana kombajna, tako da su bolji 
efekti rada dobijeni u korigovanoj varijanti u odnosu na 
kontrolu.  
Generalni zakljuļak naġih istraģivanja je da se ispitivani 

kombajni mogu uspeġno koristiti za ubiranje mekantilnog 
kukuruza u klipu u agroekoloġkim uslovima centralne 
Srbije, pri ļemu uz adekvatnu opmimizaciju i pravilnu 
edukaciju rukovaoca mogu doĺi do punog izraģaja.  
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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 

productôs value, there is a disparity between the time of 

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 assessment of a companyôs 

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 companyôs rentability. 

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: 

¶ 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; 

¶ 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. 

 Rezumat: Oricare ar fi natura unei întreprinderi, 

producŁtorul nu poate avea profit imediat. Fie cŁ 

investeĸte ´n mijloace fixe, ´n materia primŁ, în calificarea 

forŞei de muncŁ, ´n marketing sau ´n orice alte elemente 

care se ´nglobeazŁ ´n valoarea unui produs, ´ntre 

momentul ´nceperii unei afaceri ĸi al rentabilitŁŞii acesteia 

existŁ un decalaj temporal. Analiza preliminarŁ a 

rentabilitŁŞii unei SocietŁŞi Comerciale are ´n vedere 

stabilirea momentului de trecere de la pierdere la profit, 

moment denumit Ăprag critic de rentabilitateò. În lucrare se 

prezintŁ metoda de determinare a pragului de 

rentabilitate, iar in final se face o aplicaŞie in domeniul 

alimentar pe baza acestei metode. De asemenea, se mai 

determina si marja de siguranŞa a unei companii in acest 

domeniu. 

 

Cuvinte cheie: rentabilitate, cheltuieli fixe, cheltuieli 

variabile, prag critic de rentabilitate, marjŁ de siguranŞŁ 

 
INTRODUCERE 

Ċn orice activitate de producŞie, producŁtorul nu poate 

avea profit imediat. IniŞial, el face o investiŞie de capital pe 

care o recupereazŁ ´n timp. În literatura de specialitate, 

momentul trecerii de la pierdere la profit poartŁ 

denumirea de prag critic de rentabilitate. Stabilirea 

acestuia este un factor esenŞial pentru evaluarea 

preliminarŁ a rentabilitŁŞii unei firme.  

AceastŁ metodŁ determinŁ nivelul minim al v©nzŁrilor 

necesare pentru acoperirea costurilor angajate de 

companie. Practic, aceastŁ abordare este o variantŁ 

complementarŁ a analizei de sensibilitate. Acest prag de 

rentabilitate se poate calcula folosind profitul contabil sau 

valoarea prezentŁ a fluxurilor de numerar. 

Ca si cercetŁri similare efectuate de alŞi autori putem 

aminti lucrŁrile: 

¶ ModalitŁŞi practice de calcul a pragului de 

rentabilitate ĸi indicatorii derivaŞi specifici sistemului 

costurilor parŞiale, apŁrutŁ ´n Editura ķtiinŞificŁ F.M.R., 

Revista Metalurgia, ISSN 0464-9579, nr. 3/ 2008, p. 58, 

cotatŁ ´n baza de date internaŞionalŁ indexatŁ EBSCO 

Publishing Inc (SUA) ĸi ´n baza de date EP Products, 

autor Ioan Rus; 

¶ Optimizarea pragului de rentabilitate in raport cu 

mŁrimea de ieĸire a unui sistem de producŞie, autori 

Merce, E., C.C. Merce, H., Arion, Felix, apŁrutŁ in LucrŁri 

ĸtiinŞifice, Simpozionul ĸtiinŞific, ĂPrezent si perspectiva in 

horticulturaò, 21-23 oct. 1999, ISBN 973-8266-03-3. 
 

MATERIALE ķI METODŀ 

Pragul de rentabilitate defineĸte cifra de afaceri pentru 

care profitul este zero. CorespunzŁtor acestui punct, se 

determina si cantitatea de produse/servicii vândute, care 

asigura acoperirea cheltuielilor totale ale firmei. In cazul 

unui volum de vânzŁri mai mic, firma va ´nregistra pierderi, 

iar un volum de v©nzŁri mai mare firma va obŞine profit. 
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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 

will still have to bear the costs Cfix. Abscissa intersection 

point P is the minimum quantity that will be sold to cover 

both fixed costs and variable, ie rentability threshold. 

Algebraically: 

In modelul grafic se observa ca pragul de rentabilitate 

se situeazŁ la intersecŞia dreptei ´ncasŁrilor din v©nzŁri, 

reprezentata de ecuaŞia V=pq, cu dreapta costurilor de 

producŞie, reprezentata de dreapta C=Cfix+qCvar, unde 

Cfix reprezintŁ costurile fixe, iar Cvar, pe cele variabile 

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 

suporte costurile Cfix. Abscisa punctului de intersecŞie P 

reprezintŁ cantitatea minima ce va trebui v©nduta pentru 

a se acoperi at©t costurile fixe, cat si cele variabile, adicŁ 

pragul de rentabilitate. Algebric: 

Pq = Cfix + qCvar 

Qmin =  Cfix / (p-Cvar) 

Rentability threshold=Fixed costs/(Price-unitary 
variable cost) 

 Prag de rentabilitate=Costuri fixe/(PreŞ-Cost variabil 
unitar) 

 

 
Fig. 1 - Rentability threshold / Determinarea pragului de rentabilitate 

 
In reality there are very few companies that produce 

and sell a single product. Thus situation often seen 

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; 

 In realitate sunt foarte puŞine firme care produc si v©nd 

un singur produs. Astfel, situaŞia des ´nt©lnita c©nd firma 

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 

procentului din volumul veniturilor aĸteptat a fi 

generat de fiecare dintre acestea; 

- ponderea salariilor directe in realizarea produsului/ 

serviciului; 

- repartizarea costurilor fixe in funcŞie de cat de mult 

spaŞiu ocupa fiecare produs in totalul spaŞiului 

destinat v©nzŁrii.  

Analiza pragului de rentabilitate stabileĸte efectul pe 

care ´l vor avea asupra activitŁŞii firmei cele mai pesimiste 

si optimiste previziuni. 

În vederea stabilirii preliminare a rentabilitŁŞii unei 

societŁŞi comerciale se considerŁ un studiu de caz care 

urmŁreĸte urmŁtoarele aspecte: trecerea de la pierdere la 

profit, stabilirea marjei de siguranta in doua situatii: 

1. c©nd marja de siguranŞŁ se dovedeĸte a fi ĂconfortabilŁ; 

2. c©nd marja de siguranŞŁ nu mai este ĂconfortabilŁò, ci 

Ărelativ stabilŁò, dupŁ v©nzarea unui anumit numŁr de 

produse din cauza concurenŞei, scŁz©nd preŞul de 

v©nzare pentru restul producŞiei lunare. 

 
REZULTATE 

AplicaŞia 1  

SŁ admitem cŁ o Societate ComercialŁ ´ĸi propune sŁ 

producŁ ´ntr-o perioadŁ de timp determinatŁ (o sŁptŁm©nŁ, o 

lunŁ, un an etc.) o anumitŁ cantitate dintr-un produs alimentar.  

Spre exemplu, sŁ considerŁm (valori estimative):  

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

- quantity produced in 30 days: N = 6.105 pcs;  

- unit selling price: pu = 5 euro/pc;  

- fixed cost for the entire group of products: C1 = 

500.000 euro;  

- variable cost: c2 = 3 euro/pc.  

- prezentare: recipiente de 330ml;  

- cantitatea produsŁ ´n 30 zile: N = 6.105 unitŁŞi de produs;  

- preŞ unitar de v©nzare: pu = 5 euro/unitatea de produs;  

- cheltuieli fixe pentru întreg lotul de produse: C1 = 

500.000 euro;  

- cheltuieli variabile: c2 = 3 euro/unitate de produs. 

The rentability threshold of the Commercial Company 

for the considered product is to be determined. 

In order to solve this problem it is necessary to make 

use of some basic mathematical knowledge.  

Mathematical Roundup [1]  

a) The general form of a linear equation is given by the relationship:  

 Se cere sŁ se determine pragul de rentabilitate a 

SocietŁŞii Comerciale pentru produsul considerat.  

Pentru rezolvarea acestei probleme, este necesar sŁ 

facem apel la unele cunoĸtinŞe elementare de matematicŁ.  

Breviar matematic [1]  

a) EcuaŞia generalŁ a unei drepte este datŁ de relaŞia:  

y = mx+n       (1) 

where  m = tgŬ, is the lineôs slope;  

 n ï the origine ordinate; if the line crosses the 

origin, then n=0, and the linear equation 

becomes: y = mx.  

b) The line crossing two points is given by the equation:  

 unde  m = tgŬ, reprezintŁ panta dreptei;  

 n ï ordonata la origine; dacŁ dreapta trece prin 

origine, atunci n=0, iar ecuaŞia dreptei devine: y 

= mx. 

b) Dreapta care trece prin douŁ puncte este datŁ de ecuaŞia:  
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where (x1,y1), respectively (x2,y2) are the coordinates of 

two arbitrary points on the line.  

 

c) The meeting of two lines  

The meeting of two lines is a point (fig. 21).  

 unde (x1,y1), respectiv (x2,y2) sunt coordonatele a douŁ 

puncte arbitrare ale dreptei.  

 

c) IntersecŞia a douŁ drepte  

IntersecŞia a douŁ drepte este un punct (fig. 2).  
 

 
Fig. 2 - Establishing the equation of a line which crosses two points: (d1) ï the line crossing the origin; (d2) ï some other line /  
Stabilirea ecuaŞiei unei drepte care trece prin douŁ puncte: (d1) ï dreapta care trece prin origine; (d2) ï dreaptŁ oarecare  

 

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

ecuation system formed by the two lines:  

 Punctul de intersecŞie I(x,y) se determinŁ rezolv©nd 

sistemul de ecuaŞii format de cele douŁ drepte:   
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Considering the line (d1) given by the points O(x1=0, 

y1=0) and A(x2=10, y2=4), according to the relationship (2), 

the equation of this line will be:  

 Considerând dreapta (d1) datŁ de punctele O(x1=0, 

y1=0) ĸi A(x2=10, y2=4), în conformitate cu relaŞia (2), 

ecuaŞia acestei drepte va fi:  
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Or: 4x ï 10 y = 0. Analogous, for the line (d2) given by 

the points B(x1=3, y1=4) and C(x2=7, y2=0), the following 

equation is obtained: x + y = 7.  

The meeting point (I), of the lines (d1) ž (d2), results 

from solving the system formed by the equations:  

4 x ï 10 y = 0 ; x + y = 7,  

with the solutions: x = 5; y = 2.  

 

d) Line equation through cuts  

 Dar: 4x ï 10 y = 0. Analog, pentru dreapta (d2) datŁ de 

punctele B(x1=3, y1=4) ĸi C(x2=7, y2=0), se obŞine ecuaŞia:  

x = y = 7.  

Punctul de intersecŞie (I), al dreptelor (d1) ž (d2), rezultŁ 

din rezolvarea sistemului format de ecuaŞiile:  

4 x ï 10 y = 0 ; x + y = 7,  

cu soluŞiile: x = 5; y = 2.  

 

d) EcuaŞia dreptei prin tŁieturi  
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Considering the equation (1), is obtained:  Consider©nd ecuaŞia (1), avem:  

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

Determining the critical rentability  threshold of the 

comercial company [2]  

a) Fixed expenses:  

C1 = 5.10
5
 euro.  

b) Variable expenses:  

C2 = N.c2 = 18.10
5
 euro.  

c) Income from products sale: 

C3 = N.pu = 30.10
5
 euro.  

d) Diagram design for determining the critical rentability 

threshold of the company  

The diagram for determining the critical rentability threshold 

of the company for the given example can be seen in 

figure 2, where ncr represents the critical product number 

for which the transition from losses to gains takes place.  

 Determinarea pragului critic de rentabilitate a societŁŞii 

comerciale [2]  

a) Cheltuieli fixe:  

C1 = 5.10
5
 euro.  

b) Cheltuieli variabile:  

C2 = N.c2 = 18.10
5
 euro.  

c) Venituri din vânzarea produselor: 

C3 = N.pu = 30.10
5
 euro.  

d) ConstrucŞia diagramei pentru determinarea pragului 

critic de rentabilitate a companiei  

Diagrama pentru determinarea pragului critic de 

rentabilitate a companiei prezentatŁ ´n figura 2, unde ncr 

reprezintŁ numŁrul critic de produse pentru care are loc 

trecerea de la pierdere la profit.  

 

 
Fig. 2 - Diagram for determining the critical rentability threshold of the company /  

Diagrama pentru determinarea pragului critic de rentabilitate a companiei 

 
The value of ncr can be determined from the meeting of 

the lines OA and BC. According to the relationship (1), the 

following equation system will result:  

 Valoarea lui ncr se obŞine din intersecŞia dreptelor OA ĸi 

BC. Ċn conformitate cu relaŞia (1), rezultŁ sistemul de 

ecuaŞii: 
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with the solution:   cu soluŞia:  

)6(105,2 5euronx
cr

Ö==
     

(6) 

The value of the achieved sales, equal to the value of 

the expenses corresponding to the transition from losses 

to profit, is: 

 Valoarea v©nzŁrilor realizate, egale cu valoarea 

cheltuielilor corespunzŁtoare trecerii de la pierdere la 

profit, este:  

)7(105,12 5euroy Ö=
     (7) 

Safety Margin (First application)  

According to the scientific literature data, [3], the safety 

margin (SM) of the company can be (fig.3):  

V unstable, when SM < 10%; 

V relatively stable, when 10% Ò MS Ò 20%;   

V comfortable, when MS > 20%. 

In the given example, the companyôs safety margin is:  

 Marja de siguranŞŁ (prima variantŁ)  

DupŁ datele din literatura de specialitate [3], marja de 

siguranŞŁ (MS) a companiei poate fi (fig.3):  

V instabilŁ, c©nd MS < 10%; 

V relativ stabilŁ, c©nd 10% Ò MS Ò 20%;  

V confortabilŁ, c©nd MS > 20%. 

Ċn exemplul considerat, marja de siguranŞŁ a companiei este:  
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therefore it is a ñcomfortable safety marginò.   deci este este o ĂmarjŁ de siguranŞŁ confortabilŁò.  
 

  
Fig. 3 - Safety Margin / Marja de siguranŞŁ  

 
Second Application  

Due to competition, the first application is to be 
reconsidered, after the sale of N1 = 3.10

5
 pcs, for the 

following N2 = N ï N1= 3.10
5
 pcs, the company decreases 

the sales unitary price at 4 euro/pcs (fig. 4). The new 
companyôs safety margin is to be established. 

 Varianta a II-a  

SŁ reconsiderŁm prima aplicaŞie ´nsŁ, din cauza concurenŞei, 
dupŁ v©nzarea a N1 = 3.10

5
 produse, pentru 

urmŁtoarele N2 = N ï N1= 3.10
5
 produse compania 

scade preŞul unitar de v©nzare la 4 euro/produs (fig. 4). 
SŁ se stabileascŁ noua marjŁ de siguranŞŁ a companiei. 

 

 
Fig. 4 - Second application: safety margin fixation / Determinarea marjei de siguranŞŁ pentru varianta a II-a 

 
In this case, the revenue obtained from products sale 

becomes C3 = 27.10
5
 euro, and the safety margin MS = 

13,3% has a ñrelatively stableò value. 

 
CONCLUSIONS 

The preliminary assessment of a companyôs profitability 

allows evaluating the consequences of the different 

measures taken during its activities. Though, for the safety 

margin from the second application to become 

ñcomfortableò, a change in the variable costs must be 

done, in terms of their reduction.  
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 În acest caz, venitul din vânzarea produselor devine C3 

= 27.10
5
 euro, iar marja de siguranŞŁ MS = 13,3 % are o 

valoare Ărelativ stabilŁò. 

 
CONCLUZII 

Stabilirea preliminarŁ a profitabilitŁŞii unei companii ne 

permite sŁ evaluŁm consecinŞele mŁsurilor luate ´n timpul 

desfŁĸurŁrii activitŁŞii acesteia. Astfel, pentru ca marja de 

siguranŞŁ ´n cazul celei de-a doua aplicaŞii sŁ devinŁ 

confortabilŁ, trebuie acŞionat asupra costurilor variabile, ´n 

sensul reducerii acestora.  
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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; 

 Rezumat: Ċn lucrare sunt prezentate cercetŁrile efecutate 
privind procedura de testare, infrastructura utilizatŁ ĸi 
rezultatele obŞinute la ´ncercarea ´n regim static a unei 
structuri de protecŞie a operatorului ´n caz de rŁsturnare (ROPS 
- Roll over protection structure), ´n vederea determinŁrii 
gradului de protecŞie pe care aceasta ´l asigurŁ operatorilor. 
 
Cuvinte cheie: structurŁ de rezistentŁ, testare, rŁsturnare 
 
INTRODUCERE 

O structurŁ de protecŞie pentru rŁsturnŁri - ROPS este un 
cadru conceput pentru a proteja conducŁtorul tractorului dacŁ 
acesta se rŁstoarnŁ. ROPS acŞioneazŁ prin limitarea rostogolirii 
la 90 de grade. În cazul unei rostogoliri complete, ROPS 
protejeazŁ conducŁtorul ´mpotriva strivirii de cŁtre tractor [3]. 

Astfel, state precum Suedia au cerut introducerea 
ROPS pe noile tractoare ´ncŁ din 1959 iar ´n Statele Unite 
ROPS a devenit echipament standard din anul 1985. 
Structurile de protecŞie pentru rŁsturnŁri (ROPS) sunt astŁzi 
disponibile pe aproape toate tractoarele vândute, kit-urile 
ROPS fiind disponibile ĸi pentru modelele mai vechi de 
tractoare. 
Cu mai mult de 54.000 de rŁniri legate de agriculturŁ ´n 

Statele Unite din 2005 ĸi cu peste 700 de morŞi, maĸinile 
agricole sunt principala cauzŁ a accidentelor agricole, iar 
rŁsturnarea tractorului este principala cauza a 
accidentelor cu utilaje. ROPS ĸi centura de siguranŞŁ pot 
preveni peste 99% din fatidicele rŁsturnŁri [4]. 
CercetŁri privind reducerea numŁrului de morŞi ĸi rŁniŞi 

ca urmare a manipulŁrii / conducerii tractoarelor ĸi maĸinilor 
agricole autopropulsate, precum ĸi pentru creĸterea 
securitŁŞii ĸi siguranŞei operatorilor acestora prin utilizarea 
unor structuri specifice de protecŞie (ROPS sau altele) au 
fost efectuate de cercetŁtori din ŞarŁ, Uninunea 
EuropeanŁ si S.U.A. [1], [2], [3], [5], [6], [7], [8], [9]. 
 
MATERIAL ķI METODŀ 

Structura de protecŞie supusŁ testŁrilor a fost o cabinŁ 
destinatŁ echipŁrii unui tractor universal de 80 CP, av©nd 
urmŁtoarele specificaŞii: 

- masa tractorului fŁrŁ ´ncŁrcŁturŁ, cu dispozitivul de 
protecŞie, fŁrŁ conducŁtor: 3700 kg; 

- dimensiunile anvelopelor: faŞŁ 6.5-20 8PR, respectiv 
spate :14.00-38 8PR; 

Structura de protecŞie a fost realizatŁ din profile de oŞel 
sudate, conŞin©nd cadrul LOCHMANN, ´nchideri ĸi 
prinderea pe tractor. Fixarea cabinei pe tractor s-a realizat 
cu ajutorul unor tampoane elastice, pe suporŞi faŞŁ/spate 
specifici, aceasta fiind prevŁzutŁ cu douŁ uĸi de acces 
lateral st©nga/dreapta, geamuri fixe faŞŁ ĸi lateral spate 
st©nga/dreapta precum ĸi un geam spate rabatabil. 
CercetŁrile s-au realizat la INMA Bucureĸti ´n cadrul 

Departamentului de ĊncercŁri pe instalaŞia de ´ncercŁri ´n 
regim simulat ĸi accelerat tip Hidropuls, care este prevŁzutŁ 
cu urmŁtoarele echipamente: 
- dinamometre de tracŞiune, celule de sarcina din 

componenŞa lanŞului de mŁsurare a forŞei din cadrul 
instalaŞiei Hidropuls (10 ï 100 KN), tip FC-10; 
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- tensile dynamometers, load cells from the 
composition of the force measurement chain within 
the  Hidropuls plant (25 ï 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 ø 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. 

- dinamometru tracŞiune, celulŁ de sarcina din 
componentŁ lanŞului de mŁsurare a forŞei din cadrul 
instalaŞiei Hidropuls (25 ï 250 KN), tip FC-10; 

- sisteme de mŁsurare a deplasŁrii cu traductoare 
inductive în domeniul 0 ï 500mm, rezoluŞia 0,1 mm, tip 
WA500; 

- calculator Pentium echipat cu placŁ de achiziŞie DAP 
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; 
- ruletŁ de mŁsurare Stanley, L=8 m. 
Cabina a fost fixatŁ pe platforma de ´ncercŁri prin 

intermediul unui sistem de dispozitive universale ĸi 
specifice. Av©nd ´n vedere dimensiunile cabinei ĸi 
dificultatea ´ncercŁrii, zona de degajare din interiorul 
acesteia a fost materializatŁ prin realizarea unei structuri 
tridimensionale din s©rmŁ de oŞel de ß 5 mm ĸi poziŞionatŁ 
´n interiorul cabinei ´n funcŞie de punctul de referinŞŁ al 
scaunului (conform anexei IV a D 2009/75/CE).  

Punctul de aplicare a sarcinii ´n cazul ´ncercŁrii 
longitudinale, acŞionare din spate cŁtre faŞŁ s-a aflat la o 
distanŞŁ de 1/6 din lŁŞimea pŁrŞii superioare a structurii de 
protecŞie, mŁsuratŁ de la colŞul st©ng exterior spre interior, 
vedere din spate (Fig. 1). Lungimea grinzii cu care s-a 
realizat distribuŞia uniformŁ a sarcinii a fost de 500 mm. 

 

 
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 instalaŞia ñHIDROPULSò pentru ´ncercarea cabinei tractorului, ´n cazul aplicŁrii sarcinii longitudinale din spate 

 

 

 

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). 

 La ´ncercarea la compresiune ´n partea din spate, grindŁ 
a fost plasatŁ pe traversa superioarŁ cea mai din spate a 
structurii de protecŞie (Fig. 2).  



INTERNATIONAL SYMPOSIUM
   

 

 

49 

Fig. 2 - Assembling realised on the "Hidropuls" plant for testing the cab of the tractor Universal, in the case of rear crushing /  
Montajul realizat pe instalaŞia ñHIDROPULSò pentru ´ncercarea cabinei tractorului universal, ´n cazul strivirii spate  

 

The point load application in the case of the lateral load 
testing was at the upper edge of the protective structure 
line with the preeminent that could hit the ground first when 
overturned on the right side of the cabin, on the pillar from 
the right (Fig. 3). 

 Punctul de aplicare a sarcinii ´n cazul ´ncercŁrii la 
sarcina lateralŁ s-a aflat la marginea superioarŁ a structurii 
de protecŞie ´n dreptul proeminentei care ar putea sŁ 
atingŁ prima solul ´n caz de rŁsturnare pe partea dreapta a 
cabinei, pe stâlpul 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 /  

Montajul realizat pe instalaŞia ñHIDROPULSò pentru ´ncercarea cabinei tractorului Universal, ´n cazul aplicŁrii sarcinii laterale  

 

When testing to compression in the front side, the beam 
was placed on the uppermost transverse the most of the 
front of the protective structure (Fig. 4) 

 La ´ncercarea la compresiune ´n partea din faŞŁ, grinda 
a fost plasatŁ pe traversa superioarŁ cea mai din faŞŁ a 
structurii de protecŞie (Fig. 4). 

 

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

Montajul realizat pe instalaŞia ñHIDROPULSò pentru ´ncercarea cabinei tractorului universal, ´n cazul strivirii faŞŁ 

 
According to the documentation, the reference height 

of the tractor is of 3700 daN, at least 50% from the weight 
being distributed on the rear wheels. 

For the tests were used a 250 kN hydraulic cylinder 
(for longitudinal and lateral actuation tests) and two 100 
kN cylinders (for the tests of pressing from top to 
bottom). 

The test parameters and their values are presented in 
the Table 1 and were determined in accordance with the 
regulations in force: 

F - force;  
æ - displacement; 
U - energy. 

 Conform documentaŞiei, greutatea de referinŞŁ a 
tractorului este de 3700 daN, cel puŞin 50% din masŁ fiind 
repartizatŁ pe roŞile din spate. 
Pentru ´ncercŁri s-au utilizat un cilindru hidraulic de 

250 kN (pentru ´ncercŁrile de acŞionare longitudinalŁ ĸi 
lateralŁ) ĸi doi cilindri de 100 kN (pentru ´ncercŁrile de 
apŁsare de sus ´n jos). 
Parametrii de ´ncercare ĸi valorile lor sunt prezentate 

´n Tabelul 1 ĸi au fost stabilite ´n conformitate cu 
prevederile normativelor în vigoare: 

F - forŞŁ;  
æ - deplasare; 
U - energie. 
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                      (4) 

Table 1 / Tabelul 1 
 

Type of test / Tipul ´ncercŁrii 

Test parameters / Parametri de încercare 

Denomination / 
Denumire 

M.U. / 
U.M. 

Minimum values calculated according to D 
2009/75/EC / Valori minime calculate 

conform D 2009/75/CE 

In horizontal plane / 
În plan orizontal 

Longitudinal loading from back / Sarcina 
longitudinala din spate 

energy / energie J 5180 

Lateral loading / Sarcina laterala energy / energie J 6475 

In vertical plane / 
în plan vertical 

Front crushing / Strivire fata force / forŞŁ KN 2 x 37 

Rear crushing / Strivire spate force /forŞŁ kN 2 x 37 

 
RESULTS  

The tests of loading were carried out in the back left and 
right side.  

The reference mass used in the calculation of entry 
energy and of the crushing forces was of 3700 kg. 

The requirement for ruptures, cracks and the protection 
of the clearance zone was complied.  

The energy absorbed during application of loading: 
- in the back 5.39 kJ; 
- lateral 6.92 kJ; 

Crushing force: 
- in the back 76.82 kN; 
- in front 74.93 kN; 

The final permanent deformation measured after the 
tests:  

- in the back side: towards the front 
- on the left side: 20mm; 
- on the right side:11 mm; 

In the front side: towards the front: 
- on the left side: 36 mm; 
- on the right side: 23 mm;  

In the lateral side: 
- in the front side: 18 mm; 
- in the back side: 25 mm; 

In the upper side: from top to bottom: 
- in front: 2 mm; 
- at the rear: 4 mm; 

The following graphs present the evolution of force / 
displacement for each of the performed tests: 

 REZULTATE 

ĊncercŁrile de sarcina au fost efectuate în partea din 
spate st©nga ĸi ´n partea lateralŁ dreapta.  
MasŁ de referinŞŁ utilizatŁ la calcularea energiei de 

intrare ĸi a forŞelor de strivire a fost de 3700 kg. 
CerinŞele privind rupturile, fisurile ĸi protejarea zonei de 

degajare au fost respectate.  
Energia absorbitŁ ´n timpul aplicŁrii sarcinii: 

- în spate 5,39 kJ; 
- lateral 6,92 kJ; 
ForŞŁ de strivire: 

- în spate 76,82 kN; 
- ´n faŞŁ 74,93 kN; 
Deformarea permanentŁ finalŁ mŁsuratŁ dupŁ 

´ncercŁri:  
- ´n partea din spate: spre faŞŁ 
- în stânga: 20mm; 
- în dreapta:11 mm; 
Ċn partea din faŞŁ: spre faŞŁ: 
- în stânga: 36 mm; 
- în dreapta: 23 mm;  
Ċn partea lateralŁ: 
- ´n faŞŁ: 18 mm; 
- în spate: 25 mm; 
Ċn partea superioarŁ: de sus ´n jos: 

- ´n faŞŁ: 2 mm; 
- în spate: 4 mm; 
Ċn urmŁtoarele grafice este prezentatŁ evoluŞia 

forŞŁ/deplasare pentru fiecare din ´ncercŁrile efectuate: 
 

Diagrama forta - deformare in cazul solicitarii la sarcina longitudinala din spate
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Diagrama forta - energie in cazul solicitarii la sarcina longitudinala din spate
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Fig. 5 - Force-deformation diagram in the case of strain at 

longitudinal loading from behind / Diagrama forŞŁ-deformare în 
cazul solicitŁrii la sarcina longitudinalŁ din spate 

Fig. 6 - Force-energy diagram in the case of strain at longitudinal 
loading from behind / Diagrama forŞŁ-energie ´n cazul solicitŁrii la 

sarcina longitudinalŁ din spate 
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Diagrama forta - deformare in cazul strivire in spate
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Diagrama forta - timp in cazul strivire in spate
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Fig. 7 - Force-deformation diagram. in the case of crushing in the back /  

Diagrama forŞŁ-deformare în cazul strivirii în spate 
Fig. 8 - Force-time diagram in the case of crushing in the back /  

Diagrama forŞŁ-timp în cazul strivirii în spate 

 Diagrama forta - deformare in cazul solicitarii cu sarcina laterala
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Diagrama forta - energie in cazul solicitarii cu sarcina laterala
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Fig. 9 - Force-deformation diagram in the case of the strain with 

lateral load / Diagrama forŞŁ-deformare în cazul solicitŁrii cu sarcina 
lateralŁ 

Fig. 10 - Force-energy diagram in the case of the strain with lateral load / 
Diagrama forŞŁ-energie ´n cazul solicitŁrii cu sarcina lateralŁ 
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Diagrama forta - timp in cazul strivire fata
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Fig. 11 - Force-deformation diagram in the case of crushing in front /  

Diagrama forŞŁ-deformare ´n cazul strivirii ´n faŞŁ 
Fig. 12 - Force-time diagram in the case of crushing in front /  

Diagrama forŞŁ-timp ´n cazul strivirii ´n faŞŁ 

 
 

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 

 Rezumat: Din analiza procesului de lucru executat de 
cŁtre echipamentele tehnice utilizate pentru mŁcinarea 
cerealelor, a rezultat cŁ solicitŁrile principale care se 
aplicŁ seminŞelor de cereale se referŁ la strivire ĸi tŁiere.  
Lucrarea de faŞŁ prezintŁ un studiu referitor la influenta 

unghiului de tŁiere a cuѽitului asupra procesului de 

mŁrunѽire a seminŞelor de porumb. CercetŁrile experimentale 
au fost realizate pe seminŞe individuale de porumb, la 
umiditŁŞi de 14% ĸi 16% utiliz©ndu-se cuŞite cu unghi de 
tŁiere de 30Á respectiv 45Á, urmŁrindu-se variaŞia a forŞei 
de rezistenŞŁ la tŁierea a seminŞelor de porumb precum ĸi 
variaŞia consumurilor energetice la tŁiere.  
 
Cuvinte cheie: tŁiere, umiditate, seminŞe individuale de 
porumb, consum de energie, forŞŁ, deformaŞie 
 
INTRODUCERE 

Comportarea materialelor solide supuse operaŞiei de 
mŁrunŞire este foarte diferitŁ, aceasta ca urmare a 
influenŞei numeroĸilor factori implicaŞi ´n realizarea 
acesteia [12]. CercetŁrile experimentale au scos ´n 
evidenŞŁ principalii factori de influenŞŁ care trebuie luaŞi ´n 
considerare la explicarea modului de producere a 
mŁrunŞirii: natura materialului, starea iniŞialŁ (forma, 
granulometria etc.), structura, modul de aplicare ĸi natura 
forŞei aplicate, valoarea, viteza ĸi durata de aplicare a 
efortului [5], [8]. 
DatoritŁ structurii complexe, seminŞele de cereale pot fi 

considerate drept corpuri Ăcoloidal-capilar-poroaseò, din 
punct de vedere reologic ele prezentând concomitent, în 
anumite proporŞii, cele trei proprietŁŞi reologice esenŞiale: 
elasticitate, viscozitate ĸi plasticitate. DeformaŞia formei 
unei granule poate fi ´ncadratŁ ´n una din urmŁtoarele 
categorii: deformaŞie elasticŁ, curgere v©scoasŁ ĸi 
deformaŞie plasticŁ sau ´n combinaŞii ale acestora [1], [3]. 
MŁruntirea seminŞelor de cereale prin tŁiere este un 

progedeu larg ´nt©lnit ´n industria morŁritului. Ċn cazul acestui 
procedeu de mŁrunŞire, seminŞele de cereale sunt solicitate de 
cŁtre forŞele aplicate din exterior prin intermediul muchiei 
tŁietoare a unui cuŞit. AceastŁ metodŁ de mŁrunŞire se aplicŁ la 
materiale plastice, plastico-elastice ĸi diferite materiale tari [4], 
Ċn procesul de tŁiere cu deplasarea cuŞitului pe 

direcŞie normalŁ, se disting douŁ etape: o primŁ etapŁ 
´n care tŁiĸul preseazŁ asupra materialului, c©nd 
asupra tŁiĸului cuŞitului se creeazŁ tensiuni normale 
de contact care prin valoarea lor produc distrugerea 
integritŁŞii materialului, ĸi o a doua etapŁ ´n care 
cuŞitul pŁtrunde ´n interiorul granulei, moment ´n care 
faŞa ´nclinatŁ a lui deformeazŁ materialul, ´mping©ndu-l 
în lateral prin efectul de panŁ, pe o direcŞie 
perpendicularŁ pe direcŞia de deplasar, fapt ce 
creeazŁ ´n material o stare de tensiuni, care se 
manifestŁ diferit ´n funcŞie de natura materialului 
supus operaŞiei de tŁiere [3], [4], [6]. 

Consumul de energie pentru realizarea operaŞiei de 
mŁrunŞire depinde de proprietŁŞile fizico-mecanice ale 
materialelor, de tipul de solicitare aplicat în procesul de 
mŁrunŞire ĸi de gradul de mŁrunŞire ce trebuie realizat.  
Cu c©t gradul de mŁrunŞire este mai mare, cu at©t energia 
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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 donôhave, 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: 

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

¶ 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. 

necesarŁ pentru mŁrunŞire este mai mare [8], [9], [10]. 
Ċn vederea realizŁrii unor consumuri reduse de energie, 

la executarea operaŞiei de mŁrunŞire trebuie sŁ se ŞinŁ 
seama de stabilirea strictŁ a dimensiunilor p©nŁ la care sŁ 
se facŁ mŁrunŞirea ĸi alegerea corespunzŁtoare a 
schemei tehnologice ĸi funcŞionale a utilajului, funcŞie de 
proprietŁŞile fizico-mecanice ale materialului supus 
operaŞiei de mŁrunŞire [2]. 

În decursul timpului au fost elaborate numeroase teorii 
privind desfŁĸurarea procesului de mŁrunŞire ĸi, 
corespunzŁtor, relaŞii analitice pentru determinarea 
energiei investitŁ ´n procesul de mŁrunŞire. Aceste teorii 
nu au, ´nsŁ, o fundamentare ĸtiinŞificŁ satisfŁcŁtoare [8]. 
Aceasta, pentru cŁ nu este posibil ca fenomenele fizice 

complexe de amorsare ĸi apoi de dezvoltare a ruperii sŁ 
fie exprimate prin relaŞii simple. Este ´nsŁ posibil sŁ se 
indice tendinŞa randamentelor energetice la mŁrunŞirea 
particulei individuale ĸi la mŁrunŞirea industrialŁ, ´ndeosebi 
ca funcŞii ce depind de mŁrimea suprafeŞelor nou create 
[8], [11]. 
 
MATERIALE ķI METODE 

CercetŁrile experimentale urmŁresc pe de o parte, 
verificarea adevŁrului ipotezelor ĸi teoriilor care au stat la 
baza studiilor teoretice referitoare la procesele cercetate, 
iar pe de altŁ parte permit investigarea unor fenomene 
pentru care nu se pot obŞine pe cale teoreticŁ rezultate cu 
aplicabilitate practicŁ, datoritŁ complexitŁŞii acestora sau 
necunoaĸterii ´n suficientŁ mŁsurŁ a unor legi care 
determinŁ evoluŞia fenomenului cercetat.[8] 

Obiectul principal al acestui studiu l-au constituit seminŞele de 
porumb din soiul Lothar, având caracteristicile din tabelul 1. 
MŁrunŞirea particulelor necesitŁ un anumit consum de 

energie. Ċn procesul de mŁrunŞire, consumul specific de energie, 
reprezintŁ energia necesarŁ obŞinerii unui anumit grad de 
mŁrunŞire a unitŁŞii de masŁ din produsul supus mŁrunŞirii. 
Din cauza numŁrului mare de factori care intervin ´n 

desfŁĸurarea operaŞiei de mŁrunŞire s-au formulat o serie 
de teorii (legi) pentru estimarea energiei consumate în 
operaŞia de mŁrunŞire, fiecare dintre ele av©nd la bazŁ 
anumite ipoteze simplificatoare.  
Aceste teorii sunt grupate ´n douŁ categorii: 

¶ teorii clasice ´n care se ´ncadreazŁ ipoteza lui 
Rittinger, ipoteza lui Kick, ipoteza lui Bond ĸi 
teoria generalŁ a lui Charles; 

¶ teorii moderne ´n care se ´ncadreazŁ teoria 
termodinamicŁ, teoria liberei mŁrunŞiri ĸi teoria 
modulelor.[8] 

DatoritŁ numŁrului mare de factori de influenŞŁ, nu 
existŁ ´ncŁ o bazŁ teoreticŁ satisfŁcŁtoare pentru 
mecanismul mŁrunŞirii. 

 

Table 1 / Tabelul 1 
The characteristics of the corn grains used in the experimental research /  

Caracteristicile fizice ale seminŞelor de porumb utilizate ´n cadrul cercetŁrilor experimentale 
 

Cereal type/ Tip cereale 
Density/ Masa hectolitricŁ 

[kg/hl] 
Humidity/ Umiditatea 

[%] 

Corn / Porumb 
66.7 / 66,7 14 

65.1 / 65,1 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 

 CercetŁrile experimentale au fost realizate cu ajutorul 
echipamentului pentru testarea materialelor Zwick/Roell 
2.5 kN, la care s-a adaptat dispozitivul de tŁiere (Fig. 1). 
Ċn cadrul cercetŁrilor experimentale a fost analizatŁ rezistenŞa 

la tŁierea individualŁ a seminŞelor de porumb, urmŁrindu-
se in acelaĸi timp si consumurile energetice obŞinute ´n 
urma procesului de tŁiere. Ċn cadrul procesului de tŁiere s-
au utilizat doua tipuri de cuŞite, un cuŞit  cu unghiul de ascuŞire 
de 30Á ĸi un cuŞit cu unghiul de ascuŞire de 45° (Fig. 2). 
Pentru evidenŞierea influenŞei umiditŁŞii seminŞelor de 
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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.  

porumb asupra procesului de mŁrunŞire, cercetŁrile 
experimentale au fost realizate la valori ale umiditŁŞii de 
14% ĸi 16%. Viteza de tŁiere utilizatŁ in cadrul tuturor 
cercetŁrilor experimentale este de 50 mm/min.  

 

 
Fig. 1 - The cutting equipment used in the experimental research / 
Dispozitivul de tŁiere utilizat ´n cadrul cercetŁrilor experimentale 

 

 
Fig. 2 - The knives used in the experimental research / 
 CuŞitele utilizate ´n cadrul cercetŁrilor experimentale 

 
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 

 Pentru a aduce seminŞele de porumb la umiditŁŞile 
dorite, s-a utilizat o camerŁ climaticŁ tip WK 11 600. 
SeminŞele au fost introduse în incinta acesteia ĸi 
menŞinute un timp de 5é6 zile iar pentru a determina 
umiditatea finalŁ a seminŞelor, s-a utilizat umidometrul 
specializat pentru seminŞele de cereale, de tip Granomat. 

Pentru fiecare experiment în parte s-a lucrat cu câte 
15 seminŞe de porumb aparŞin©nd unui aceluiaĸi soi ĸi 
unei aceleiaĸi grupe dimensionale. Ċn cadrul fiecŁrui 
experiment s-a ´nregistrat variaŞia forŞei de tŁiere ´n funcŞie 
de deplasarea cuŞitului de la ´nceputul procesului de tŁiere 
p©nŁ la secŞionarea deplinŁ a bobului precum ĸi consumul 
de energie ´nregistrat la fiecare proces de tŁiere in parte. 
Pentru mŁsurarea forŞei, dispozitivul de prindere a 

cuŞitului a fost montat ´n sistemul de fixare al traductorului 
tensometric de forŞŁ al echipamentului pentru testarea 
materialelor Zwick/Roell 2.5 kN, care permite mŁsurarea 
forŞei cu o rezoluŞie de 0,01%. MŁsurarea cursei cuŞitului 
´n timpul procesului de tŁiere s-a realizat prin intermediul 
traductorului incremental de poziŞie al echipamentului, 
care a fost indexat pentru fiecare experiment în parte, 
pentru momentul ´n care tŁiĸul cuŞitului a luat contact cu 
suprafaŞa bobului testat. 
Semnalele electrice ale celor douŁ traductoare au fost 
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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 
diagram below. Processing the results of the 
experimental research, two graphic representations were 
made: the resistance force variation in the individual 
cutting of the wheat grains and the energy consumption 
variation.  

The curves of the resistance force variation in the corn 
grain cutting, at humidity values of 14% and 16% are 
shown in Fig. 3 and 4. 

înregistrate în baza de date de pe hardul calculatorului. 
 
REZULTATE ķI DISCUŝI 

Pentru a evidenŞia influenŞa umiditŁŞii seminŞelor de porumb 
asupra consumului de energie investit ´n procesul de mŁrunŞire, 
s-a realizat prelucrarea datelor cercetŁrilor experimentale 
obŞinute la tŁierea individualŁ a seminŞelor de porumb. 
Rezultatele fiecŁrui experiment sunt disponibile sub 

formŁ de grafice. Ċn urma prelucrŁrii datelor rezultatelor 
cercetŁrii experimentale s-au trasat graficele de variaŞie a 
forŞei de rezistenŞŁ la tŁierea individualŁ a seminŞelor de 
porumb precum ĸi graficele de variaŞie a consumurilor 
energetice. 
Curbele de variaŞie a forŞei de rezistenŞŁ la tŁiere a 

seminŞelor de porumb ĸi variaŞia consumurilor energetice, 
la o umiditate de 14% ĸi 16% sunt prezentate ´n figurile 3 ĸi 4. 

 

 
Fig. 3 - The influence of the corn grains humidity on the resistance to cutting, using a knife with a cutting sharpening edge of 30°/ 

InfluenŞa umiditŁŞii seminŞelor de porumb asupra rezistenŞei la tŁiere, cu un cuŞit cu unghiul de ascuŞire de 30Ási 45Á 

 

The shape of each variation curve of force highlights 
the behavior of wheat grains at the request of quasi-static 
cutting for various conditions of force application. 

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

 in the 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. 

Analyzing the graph in Figure 3, it can be seen that, 
at lower grain moisture content, the duration of the 
grinding process is reduced. It can also deduce that, the 
higher the grain humidity value is, the flatter the slope 
line of the variation curve will be, and so, the grain 
elasticity is higher, the maximum deformation occurring 
at the grain moisture of 16%, being 2.67 mm. 

The maximum cutting force resulting from the grinding 
process by cutting is registered at the humidity of 16%, 
and it has the value of 182 N. 

 Forma fiecŁrei curbe de variaŞie a forŞei scoate ´n evidenŞŁ 
comportamentul seminŞelor de gr©u la solicitarea de tŁiere 
cvasistaticŁ, pentru diferitele condiŞii de aplicare a forŞei. 
Din analiza formei curbelor de variaŞie a forŞelor de 

rezistenŞŁ la tŁiere se scot ´n evidenŞŁ urmŁtoarele: 
 ´n prima fazŁ de aplicare a solicitŁrii existŁ o 
proporŞionalitate ´ntre forŞa aplicatŁ de tŁiĸul 
cuŞitului ĸi deformaŞia elasticŁ a bobului, 
reprezent©nd zona deformŁrii elastice a bobului; 

 dupŁ depŁĸirea zonei de elasticitate se manifestŁ 
fenomenul de deformare plasticŁ a materialului 
bobului, fenomen ce este pus ´n evidenŞŁ de 
diminuarea progresivŁ a pantei curbei de variaŞie, 
p©nŁ la atingerea maximului; 

 ´n momentul pŁtrunderii cuŞitului ´n masa bobului, 
forŞa de tŁiere este maximŁ ĸi se menŞine la 
aceastŁ valoare sau se diminueazŁ progresiv 
p©nŁ la secŞionarea deplinŁ a bobului. 

Analiz©nd graficul din figura 3, se poate observa cŁ, la o 
umiditatea a seminŞelor mai micŁ, durata procesului de 
mŁrunŞire este mai redusŁ. Se mai poate deduce faptul cŁ, 
cu c©t umiditatea bobului este mai mare, panta curbei de variaŞie 
a forŞei de rezistenŞŁ la tŁiere este mai redusŁ, deci, cu at©t 
elasticitatea bobului este mai mare, deformaŞia maximŁ a 
bobului înregistrându-se la umiditatea de 16%, ea fiind de 2,67 mm.  
ForŞa maximŁ de tŁiere rezultatŁ ´n urma procesului de 

mŁrunŞire prin tŁiere, este ´nregistratŁ la umiditatea de 
16%, ea având valoarea de 182 N. 
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Fig.4 - The influence of the sharpening cutting edge on the energy consumption, along the individual cutting of the wheat grains, at a 
humidity value of 16%./ InfluenŞa unghiului de ascuŞire a cuŞitului asupra consumului energetic, la tŁierea individualŁ a seminŞelor de 

porumb, la umiditatea de 14% ĸi 16% 

 
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: 

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

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

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

¶ 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: 
- in the 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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 Din analiza graficului privind consumurile de energie 
se poate observa cŁ, la cele douŁ umiditŁŞile utilizate, 
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umiditate. S-a constat cŁ, la o umiditate mai micŁ (14%) 
a bobului de porumb, consumul de energie este mai 
mic. Având in vedere analiza consumului de energie 
privind unghiul de tŁiere a cuŞitului, s-a constat cŁ 
utiliz©nd un cuŞit cu unghi de tŁiere de 45Á, consumul de 
energie este mai mic.  
 
CONCLUZII 

În urma analizei cercetŁrilor experimentale efectuate ´n 
aceastŁ lucrare, s-a constatat urmŁtoarele: 

¶ cu c©t umiditatea seminŞelor de porumb este mai micŁ, cu 
at©t durata procesului de mŁrunŞire este mai redusŁ; 

¶ cu cât umiditatea bobului este mai mare, panta curbei de 
variaŞie a forŞei de rezistenŞŁ la tŁiere este mai redusŁ; 

¶ cel mai mic consum de energie este obŞinut ´n cazul 
utilizŁrii cuŞitului cu unghiul de ascuŞire de 45Á la 14% 
umiditate; 

¶ ´n urma procesului de tŁiere a seminŞelor de porumb 
s-a constat cŁ dintre cele doua tipuri de cuŞite utilizate 
(30Á ĸi 45Á), cel mai mic consum de energie pentru 
ambele umiditŁŞi au fost ´nregistrate la utilizarea 
cuŞitului cu unghi de tŁiere de 45Á. 
Din analiza formei curbelor de variaŞie a forŞelor de 

rezistenŞŁ la tŁiere se scot ´n evidenŞŁ urmŁtoarele: 
- ´n prima fazŁ de aplicare a solicitŁrii existŁ o 

proporŞionalitate ´ntre forŞa aplicatŁ de tŁiĸul cuŞitului ĸi 
deformaŞia elasticŁ a bobului, reprezent©nd zona 
deformŁrii elastice a bobului; 

- dupŁ depŁĸirea zonei de elasticitate se manifestŁ 
fenomenul de deformare plasticŁ a materialului 
bobului, fenomen ce este pus ´n evidenŞŁ de 
diminuarea progresivŁ a pantei curbei de variaŞie, 
p©nŁ la atingerea maximului; 

- ´n momentul pŁtrunderii cuŞitului ´n masa bobului, forŞa 
de tŁiere este maximŁ ĸi se menŞine la aceastŁ 
valoare sau se diminueazŁ progresiv p©nŁ la 
secŞionarea deplinŁ a bobului. 
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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. ʆ.Trufanov, H. German, M.I. 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 

 ʈʝʟʶʤʝ: ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʫʩʘ ʟʛʠʥʫ 
ʛʥʫʯʢʦʛʦ ʛʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟ ʩʝʢʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘ. 
ɺʠʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʧʦʚʦʨʦʪʫ ʟ ʤʝʪʦʶ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ. ʈʦʟʨʦʙʣʝʥʘ 
ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ 
ʩʝʢʮʽʡʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʦʚʞʠʥʘ ʩʝʢʮʽʾ, ʜʽʘʤʝʪʨ) 
ʥʘ ʾʭ ʨʝʩʫʨʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʣʴʥʽ 
ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦʩʣʽʜʥʠʭ ʚʟʽʨʮʽʚ ɻʈʆ. 
ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʫ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 
ʛʥʫʯʢʠʭ ʛʚʠʥʪʦʚʠʭ ʩʝʢʮʽʡ ʢʦʥʚʝʻʨʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 
ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʟʛʠʥʫ 
ʪʨʘʩʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ .  
 
Key words: ʛʚʠʥʪʦʚʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 
ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʟʛʠʥʫ, ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ 

 
ʇɽʈɽɼʋʄʆɺɸ 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, 
ʧʽʜʥʽʤʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʽʥʰʠʭ ʤʘʰʠʥʘʭ ʟʥʘʯʥʝ ʤʽʩʮʝ 
ʟʘʡʤʘʶʪʴ ʛʚʠʥʪʦʚʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ (ɻʊʊʉ), 
ʚ ʷʢʠʭ ʦʩʥʦʚʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʻ ʛʥʫʯʢʽ ʰʥʝʢʦʚʽ 
ʤʝʭʘʥʽʟʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʩʪʘʚʣʷʪʴʩʷ ʜʦ 
ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʜʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʨʷʜ ʽʟ 
ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 
ʥʠʟʴʢʠʭ ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʨʝʤʦʥʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 
ʤʘʰʠʥʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʥʫʯʢʠʭ ʛʚʠʥʪʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʟ 
ʩʝʢʮʽʡʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʚʘʞʣʠʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ 
ʜʦʧʫʩʪʠʤʠʭ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ 
ʤʝʭʘʥʽʟʤʫ ʚ ʮʽʣʦʤʫ, ʨʘʜʽʫʩʽʚ ʟʛʠʥʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʩʝʢʮʽʡʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ʫʤʦʚʦʶ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 
ɺ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʷ ʛʚʠʥʪʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʘ ʩʘʤʝ 
ʇ.ɺ. ʂʣʝʨʽ, ɻ. ʍʴʶ, ɻ. ɿʘʨʝʡʬʦʨʫʩ [1-4]. ʋ ʨʦʙʦʪʘʭ ʇ.ɸ. 
ʇʨʝʦʙʨʘʞʝʥʩʴʢʦʛʦ, ɸ.ʄ. ɻʨʠʛʦʨʴʝʚʘ, ʉ.ʄ. ʄʠʭʘʡʣʦʚʘ, ʂ.ɼ. 
ɺʘʱʘʛʽʥʘ, ɹ.ʄ. ɻʝʚʢʘ, ʈ.ʄ. ʈʦʛʘʪʠʥʩʴʢʦʛʦ, ʆ.ʆ. ʊʨʫʬʘʥʦʚʘ, 
ʍ. ɻʝʨʤʘʥʘ, ʄ.ɯ. ʇʠʣʠʧʮʷ ʪʘ ʽʥʰʽ ʧʨʠʩʚʷʯʝʥʥʽ ʪʝʦʨʝʪʠʯʥʦʤʫ 
ʦʙʛʨʫʥʪʫʚʘʥʥʽ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʛʥʫʯʢʠʭ ʛʚʠʥʪʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 
ʤʝʭʘʥʽʟʤʽʚ, ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, 
ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʝʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʠʭ ʟʘʩʦʙʽʚ 
ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦ 
ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʪʨʘʩʘʭ. ʋ ʨʦʙʦʪʘʭ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [5-11].  
ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʛʥʫʯʢʠʭ 

ʛʚʠʥʪʦʚʠʭ ʢʦʥʚʝʻʨʽʚ (ɻɻʂ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 
ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʛʣʷʜʫ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʥʘ ʩʫʪʴ ʷʚʠʱ, ʱʦ 
ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ. 
ɺ ʘʥʘʣʽʟʽ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʚʝʨʥʫʪʦ ʥʘ 
ʪʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ, ʷʢʽ ʚʠʩʚʽʪʣʶʶʪʴ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ 
ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 
ʟʝʨʥʦʚʠʭ, ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʪʘ ʽʥʰʠʭ 
ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʦʙʣʝʤʘ ʧʦʰʢʦʜʞʝʥʥʷ ʩʠʧʢʠʭ 
ʚʘʥʪʘʞʽʚ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʦʶ. 
 
ʄɸʊɽʈɯɸʃ ɯ ʄɽʊʆɼʀʂɸ  

ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʩʝʢʮʽʡʥʠʭ 
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operating members angle of twist is presented in Fig. 1. 
It consists of the body1, 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. 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ɻʊʊʉ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 
ʢʦʨʧʫʩʘ 1, ʜʦ ʷʢʦʛʦ ʞʦʨʩʪʢʦ ʧʨʠʢʨʽʧʣʝʥʦ ʩʪʦʷʢ 2, ʥʘ ʷʢʦʤʫ 
ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʨʦʙʦʯʠʡ ʦʨʛʘʥ 3, ʷʢʠʡ ʚʽʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ 
ʚ U-ʧʦʜʽʙʥʦʤʫ ʢʦʨʦʙʽ 4. ʂʦʨʦʙ ʢʨʽʧʠʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʮʽ 5 ʟ 
ʦʧʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 6, ʘ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʩʝʢʮʽʡʥʦʛʦ 
ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʪʚʽʨ ʰʪʘʪʠʚʫ 7, ʥʘ 
ʷʢʦʤʫ ʟ ʧʨʘʚʦʛʦ ʪʦʨʮʷ ʚʠʢʦʥʘʥʘ ʥʦʥʽʫʩʥʘ ʰʢʘʣʘ 9 ʟ ʧʦʜʽʣʢʘʤʠ. 
ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ 
ʰʪʘʪʠʚ ʨʦʟʤʽʱʝʥʠʡ ʫ ʥʘʧʨʘʚʣʷʶʯʠʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 
ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʅʘ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʨʦʙʦʯʦʛʦ 
ʦʨʛʘʥʫ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʟ ʦʪʚʦʨʫ ʰʪʘʪʠʚʫ, ʞʦʨʩʪʢʦ 
ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʪʫʣʢʫ ʟʽ ʩʪʨʽʣʢʦʶ 10, ʱʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʢʫʪʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʟʘʢʨʫʯʫʚʘʥʥʽ ʰʥʝʢʘ, ʘ ʪʘʢʦʞ 
ʪʘʨʫʚʘʣʴʥʠʡ ʚʘʞʽʣʴ 12, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 
ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ. 
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Fig. 1 ï Stand for investigation of the sectional operating members angle of twist / 
ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʩʝʢʮʽʡʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. 

 
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 which the generator 1 (d.c. engine 4ʇʌ112LBɹ04) is 
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 (ɸʀʈ90L4ʋɿ), which is mounted on the 
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. 

 ɿʘ ʚʝʣʠʯʠʥʦʶ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ 
ʞʦʨʩʪʢʽʩʪʴ ʛʚʠʥʪʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʘ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ 
ʝʣʝʤʝʥʪʽʚ ʩʝʢʮʽʡ ɻʈʆ. 
ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʛʚʠʥʪʦʚʠʭ 

ʩʧʽʨʘʣʝʡ, ʚʧʣʠʚʫ ʨʘʜʽʫʩʫ ʢʨʠʚʠʥʠ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʩʧʽʨʘʣʝʡ, 
ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʝʣʝʤʝʥʪʽʚ 
ɻʈʆ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 
ʩʪʝʥʜ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʘʪʠʯʥʠʭ, 
ʜʠʥʘʤʽʯʥʠʭ ʽ ʨʝʩʫʨʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ 
ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ. ʉʪʝʥʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ 7, ʥʘ ʷʢʽʡ ʟʘʢʨʽʧʣʝʥʠʡ 
ʛʝʥʝʨʘʪʦʨ 1 (ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 4ʇʌ112Lɺɹ04) ʥʘ 
ʧʦʚʦʨʦʪʥʽʡ ʧʣʠʪʽ 3, ʷʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʠ ʙʦʣʪʦʚʠʭ ʟôʻʜʥʘʥʴ 
2 ʽ 4 ʢʨʽʧʠʪʴʩʷ ʜʦ ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʰʚʝʣʝʨʘ 6. ʅʘʧʨʘʚʣʷʶʯʠʡ 
ʰʚʝʣʝʨ ʟʘʢʨʽʧʣʝʥʠʡ ʜʦ ʨʘʤʠ 7, ʘ ʡʦʛʦ ʬʽʢʩʘʮʽʷ ʚ ʟʘʜʘʥʦʤʫ 
ʧʦʣʦʞʝʥʥʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʦʣʪʦʚʠʤ ʟôʻʜʥʘʥʥʷʤ 5. ʊʘʢʦʞ 
ʩʪʝʥʜ ʤʽʩʪʠʪʴ ʪʨʴʦʭʬʘʟʥʠʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 
(ɸʀʈ90L4ʋɿ) 10, ʷʢʠʡ ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʧʝʨʝʩʫʚʥʽʡ ʧʣʠʪʽ. 
ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʛʚʠʥʪʦʚʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ 8 ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʬʣʘʥʮʝʚʠʭ ʟôʻʜʥʘʥʴ ʽ ʟʘʧʦʙʽʞʥʦʾ ʤʫʬʪʠ 9 ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ 
ʚʠʭʽʜʥʠʭ ʚʘʣʘʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 1 ʽ 10. 
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Fig. 2 - Stand for investigations of the screw spirals tortion rigidity / ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʛʚʠʥʪʦʚʠʭ ʩʧʽʨʘʣʝʡ 
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a) scheme / ʩʭʝʤʘ; b) general view / ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

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 0 till 1460 rev/min. Besides, smooth and 
sharp starting and reversing were performed, if needed. 
The generator (d.c. motor 4ʇʌ112Lɺɹ04) worked as the 
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: 

 ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʛʚʠʥʪʦʚʠʭ ʩʧʽʨʘʣʝʡ 
ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʥʜʫ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 
ɼʦʩʣʽʜʥʠʡ ʦʙôʻʢʪ 8 ʧʦʤʽʱʘʶʪʴ ʥʘ ʚʘʣʘʭ ʛʝʥʝʨʘʪʦʨʘ 1 ʽ 
ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 10 ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʩʫʚʥʦʾ ʧʣʠʪʠ 
ʟʜʽʡʩʥʶʶʪʴ ʥʝʦʙʭʽʜʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʘʜʽʫʩʫ ʢʨʠʚʠʟʥʠ 
ʩʧʽʨʘʣʽ. ʋ ʟʚôʷʟʢʫ ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʟʥʘʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 
ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʪʘ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʽ ʥʘ ʜʘʥʦʤʫ 
ʩʪʝʥʜʽ ʤʦʞʥʘ ʚʠʧʨʦʙʦʚʫʚʘʪʠ ʩʧʽʨʘʣʽ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʜʦʚʞʠʥʠ ʽ 
ʢʦʥʬʽʛʫʨʘʮʽʡ. ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ 
ʇʂ (ʨʠʩ.2) ʪʘ ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʨʦʛʨʘʤʘ PowerSuite ʜʣʷ 
ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʩʝʨʽʾ Altivar 7.1. 
ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʨʝʛʫʣʶʚʘʣʘʩʴ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 
ʨʝʞʠʤʽ ʚʽʜ 0 ʜʦ 1460 ʦʙ/ʭʚ. ʊʘʢʦʞ ʧʨʠ ʧʦʪʨʝʙʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 
ʧʣʘʚʥʽ ʽ ʨʽʟʢʽ ʧʫʩʢʠ ʪʘ ʨʝʚʝʨʩʫʚʘʥʥʷ. ɻʝʥʝʨʘʪʦʨ (ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ 
ʩʪʨʫʤʫ 4ʇʌ112Lɺɹ04)  ʚʠʢʦʥʫʚʘʚ ʨʦʙʦʪʫ ʛʘʣʴʤʘ, ʷʢʠʡ ʧʨʘʮʶʚʘʚ 
ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʦʙôʻʢʪʽ. ʊʦʤʫ ʽʟ ʩʪʘʙʽʣʽʟʘʪʦʨʘ 
ʩʪʨʫʤ ʧʦʩʪʫʧʘʻ ʥʘ ʃɸʊʈ, ʜʝ ʧʨʦʚʦʜʠʪʴʩʷ ʡʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 
(U-const) ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ (ɯ = 0.4ɸ), ʘ ʜʘʣʽ ʯʝʨʝʟ 
ʚʠʧʨʷʤʣʷʯ (ʜʽʦʜʥʠʡ ʤʽʩʪ) ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ 
ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ. ɺʽʜʧʦʚʽʜʥʦ ʩʪʨʫʤʦʤ ʦʙʤʦʪʢʠ 
ʟʙʫʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ 
(ʨʝʟʫʣʴʪʫʶʯʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʛʝʥʝʨʘʪʦʨʘ) ʽ, ʪʠʤ ʩʘʤʠʤ, 
ʟʤʽʥʶʻʪʴʩʷ ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ. ʊʦʯʥʽ 
ʜʘʥʽ ʧʨʦ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʥʘ ʚʘʣʫ ʜʚʠʛʫʥʘ (ʧʦʭʠʙʢʘ ʫ 
ʤʝʞʘʭ Ñ1,5%) ʬʽʢʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʚʘʯʘ ʯʘʩʪʦʪʠ 
ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʜʚʠʛʫʥʘ (E40S6-10Z4-6L-5), ʷʢʠʡ 
ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʨʦʪʦʨʘ ʜʚʠʛʫʥʘ. 
ʆʩʢʽʣʴʢʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʴ-ʷʢʦʛʦ 

ʛʥʫʯʢʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚʠʟʥʘʯʘʶʪʴʩʷ 
ʡʦʛʦ ʨʘʜʽʫʩʦʤ ʟʛʠʥʫ, ʪʦ ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻ ʽ ʨʽʚʝʥʴ 
ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʦʨʛʘʥʫ. ɿʥʘʯʝʥʥʷ 
ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʽ 
ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʪʨʘʩʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ, 
ʟʤʽʰʫʚʘʯʽʚ, ʧʨʦʝʢʪʘʥʪ ʤʽʛ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽ 
ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʶ ʪʘ ʡ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʱʝ ʟʛʘʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
ʟʚʝʨʥʝʤʦʩʴ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 3.  
ɺʝʣʠʯʠʥʘ ʟʛʠʥʫ ʛʚʠʥʪʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʝʣʝʤʝʥʪʘ, ʟʘ 

ʫʤʦʚʠ ʘʙʩʦʣʶʪʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʦ ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʥʽʡʥʠʭ 
ʨʦʟʤʽʨʘʭ, ʨʽʚʥʘ ʡʦʛʦ ʟʘʛʘʣʴʥʽʡ ʣʽʥʽʡʥʽʡ ʜʦʚʞʠʥʽ. ɿʛʽʜʥʦ 
ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʦʚʞʠʥʦʶ ʟʛʠʥʫ ʽ 
ʨʘʜʽʫʩʦʤ ʛʚʠʥʪʦʚʦʛʦ ʝʣʝʤʝʥʪʘ: 
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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]: 

 ʈʘʜʽʫʩ ʟʛʠʥʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʚʽʜʩʪʘʥʴ ʤʽʞ 
ʢʽʥʮʷʤʠ ʚʠʛʥʫʪʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʨʠʩʪʨʦʶ 
ʧʘʨʘʤʝʪʨʦʤ L. ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʨʘʜʽʫʩ ʟʛʠʥʫ 
ʨʽʚʥʠʡ [9]: 
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where L ï linear distance between the screw elements 
ends; Ŭ ï angle of bending of the screw element sections. 

 ʜʝ L ï ʣʽʥʽʡʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʽʥʮʷʤʠ ʛʚʠʥʪʦʚʦʛʦ ʝʣʝʤʝʥʪʘ; a - 
ʢʫʪ ʟʛʠʥʫ ʢʫʪ ʟʛʠʥʫ ʩʝʢʮʽʡ ʛʚʠʥʪʦʚʦʛʦ ʝʣʝʤʝʥʪʘ. 
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Fig. 3 - Calculation scheme for finding the radius of bending for the elevator flexible screw member /  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʛʥʫʯʢʦʛʦ ʛʚʠʥʪʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʪʨʘʥʩʧʦʨʪʝʨʘ: 
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a) bending rout along the radius / ʟʛʠʥʥʘ ʪʨʘʩʘ ʧʦ ʨʘʜʽʫʩʫ; b) bending rout along the curve / ʟʛʠʥʥʘ ʪʨʘʩʘ ʧʦ ʢʨʠʚʽʡ 

Having substituted the values of equality (2) in the 
dependence (1), the value of the elevator screw operating 
member bending length will be obtained: 

 ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʨʽʚʥʦʩʪʽ (2) ʚ ʟʘʣʝʞʥʽʩʪʴ (1), 
ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʟʛʠʥʫ ʛʚʠʥʪʦʚʦʛʦ 
ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʨʘʥʩʧʦʨʪʝʨʘ: 

a

a

a

ap

sinsin180

LL
l
bend

Ö
==

A
.     (3) 

In the case of two bending paths, the radius of bending 
is worthy being determined from the dependence: 

 ʋ ʚʠʧʘʜʢʫ ʜʚʦʭ ʪʨʘʻʢʪʦʨʽʡ ʚʠʛʠʥʫ (ʨʠʩ. 3 ʙ), ʨʘʜʽʫʩ 
ʟʛʠʥʫ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʟ ʟʘʣʝʞʥʦʩʪʽ: 

a
a

a
tg25,0

cos4

sin
.

ÖÖ=
Ö

Ö
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L
R
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.     (4) 

The length of bending (linear length of the screw 
operating member) is found from the dependence: 

 ɼʦʚʞʠʥʫ ʚʠʛʠʥʫ (ʣʽʥʽʡʥʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʛʚʠʥʪʦʚʦʛʦ 
ʝʣʝʤʝʥʪʘ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʟʘʣʝʞʥʦʩʪʽ: 

apa 2tg5,0 ÖÖÖ= Ll
bend

.     (5) 

However, such important parameter as the angle of 
bending of the elevator sections Ŭ is still unknown. To find 
this parameter and the dependence of the angle of 
bending of the flexible screw operating member on the 
other structural parameters, one should take advantage of 
the calculation scheme presented in Fig. 4. Thus, to find 
the analytical dependencies, which are used to calculate 
the angle of bending of one section relatively the other 
one, we should consider ȹ abc, according to which [9]: 

 ʇʨʦʪʝ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʠʤ ʪʘʢʠʡ ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ, 

ʷʢ ʢʫʪ ʟʛʠʥʫ ʩʝʢʮʽʡ ʪʨʘʥʩʧʦʨʪʝʨʘ a. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 
ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʟʛʠʥʫ 
ʛʥʫʯʢʦʛʦ ʛʚʠʥʪʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚʽʜ 
ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʚʝʨʥʝʤʦʩʴ ʜʦ 
ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 4. ʊʘʢ, ʜʣʷ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʫʪʘ ʟʛʠʥʫ ʩʝʢʮʽʡ ʦʜʥʽʻʾ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ, 

ʨʦʟʛʣʷʥʝʤʦ D abc ,ʟʛʽʜʥʦ ʷʢʦʛʦ [9]: 

B

sdD

ac

cb
BB

2
tg

--
==a ,     (6) 

where: Dɺ ï outside diameter of the elevator sections bushes; 
dɺ ï diameter of the joint rolls, 
s ï thickness of bushes 
B ï width of bushes. 

 ʜʝ Dɺ ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʚʪʫʣʦʢ ʩʝʢʮʽʡ ʪʨʘʥʩʧʦʨʪʝʨʘ;  
dB ï ʜʽʘʤʝʪʨ ʟôʻʜʥʫʶʯʠʭ ʚʘʣʠʢʽʚ;  
s ï ʪʦʚʱʠʥʘ ʚʪʫʣʦʢ;  
ɺ ï ʰʠʨʠʥʘ ʚʪʫʣʦʢ. 

 

 
Fig. 4 - Calculation scheme for finding the minimal radius of bending for the screw sectional operating members elevator / 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʪʨʘʥʩʧʦʨʪʝʨʘ ʟ ʛʚʠʥʪʦʚʠʤʠ ʩʝʢʮʽʡʥʠʤʠ ʨʦʙʦʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

 
 

To find the angle of bending let us consider ȹ omn. 
According to the calculation scheme, presented in Fig. 4, 
the radius of bending Rbend will equal: 

 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʨʦʟʛʣʷʥʝʤʦ D omn. 
ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 4 
ʨʘʜʽʫʩ ʟʛʠʥʫ Rɿɻ ʙʫʜʝ ʨʽʚʥʠʡ: 

asin

mn
onR

bend
== .      (7) 

According to the calculation scheme the value mn equals:  ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʚʝʣʠʯʠʥʘ mn ʨʽʚʥʘ: 

22 BBlmn
B

+D++= ,     (8) 

where lɺ ï distance between the bushes in one section; 
ȹ ï gap between the adjacent sections. 

 ʜʝ lB ï ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʪʫʣʢʘʤʠ ʚ ʦʜʥʽʡ ʩʝʢʮʽʾ;  
D ï ʟʘʟʦʨ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʝʢʮʽʷʤʠ. 



INTERNATIONAL SYMPOSIUM
   

 

 

63 

Taking into account equations (6) and (8), the 
dependence (7), which determines the minimal radius of 
bending of the sectional elements elevator operating 
members, will look like: 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʦʩʪʝʡ (6) ʽ (8) ʟʘʣʝʞʥʽʩʪʴ (7), ʷʢʘ 
ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʟʛʠʥʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 
ʪʨʘʥʩʧʦʨʪʝʨʘ ʟ ʩʝʢʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʙʫʜʝ ʤʘʪʠ 
ʚʠʛʣʷʜ: 
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RESULTS AND DISCUSSION 

Special stand equipment was used for the operating 
life testing of the strain-strength characteristics of the 
flexible sectional SOM (Fig. 2). At the beginning of the 
operating life testing measuring of the angle twist of the 
sectional SOM with the hinged joint (Fig 9, a) and safety 
joint (Fig. 9, b) on the stand for testing the angle of twisting 
of sectional SOM were carried out. The next stage was 
operating life testing (under loading) on the stand for 
investigation of the strain-strength characteristics of the 
screw spirals (Fig. 6). After preliminary found equal periods 
of time (10 hours) repeated measuring of the angle of 
twisting of the sectional SOM on the stand were carried out 
to investigate the angle of twisting of sectional SOM. In 
Fig. 5 graphic dependencies of the radius of bending value 
change of the screw conveyer on the construction 
parameters of the sectional elements, are presented. 

 ʈɽɿʋʃʔʊɸʊʀ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʛʥʫʯʢʠʭ ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʨʝʩʫʨʩ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʩʧʝʮʽʘʣʴʥʝ ʩʪʝʥʜʦʚʝ ʦʙʣʘʜʥʘʥʥʷ 
(ʨʠʩ.2). ʅʘ ʧʦʯʘʪʢʫ ʨʝʩʫʨʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʠʣʠʩʴ 
ʟʘʤʽʨʠ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʟ ʰʘʨʥʽʨʥʠʤ 
ʟôʻʜʥʘʥʥʷʤ (ʨʠʩ. 9.ʘ) ʪʘ ʟʘʧʦʙʽʞʥʠʤ ʟôʻʜʥʘʥʥʷʤ (ʨʠʩ. 9.ʙ) 
ʥʘ ʩʪʝʥʜʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʩʝʢʮʽʡʥʠʭ 
ɻʈʆ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ ʨʝʩʫʨʩʥʠʭ 
ʚʠʧʨʦʙʫʚʘʥʴ (ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʥʘ ʩʪʝʥʜʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʜʝʬʦʨʤʘʮʽʡʥʦ-ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʚʠʥʪʦʚʠʭ ʩʧʽʨʘʣʝʡ 
(ʨʠʩ. 6). ʇʽʩʣʷ ʥʘʧʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʽʚʥʠʭ ʧʨʦʤʽʞʢʽʚ 
ʯʘʩʫ (10 ʛʦʜ.) ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʚʪʦʨʥʽ ʟʘʤʽʨʠ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ 
ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʥʘ ʩʪʝʥʜʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ 
ʩʝʢʮʽʡʥʠʭ ɻʈʆ. ʅʘ ʨʠʩ.5 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 
ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʛʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʚʽʜ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
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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 / ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʛʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
ʩʝʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 
According to the embodiment of the working body of the 

ratio between the angular velocities master and slave 
sections for a full rotation will be: 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ 
ʦʨʛʘʥʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʫʪʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ 
ʚʝʜʫʯʦʾ ʽ ʚʝʜʝʥʦʾ ʩʝʢʮʽʡ ʟʘ ʧʦʚʥʠʡ ʦʙʝʨʪ ʩʢʣʘʜʘʪʠʤʝ: 
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Analyzing the obtained graphical dependencies (Fig. 5) 
of the flexible screw conveyer radius of bending change on 
the construction parameters of the operating members 
sections, one can conclude, that the thickness of the bush 
S together with the width of the bushes B is of sufficient 
affect on this value. Thus, when the value S is increased 
within 3..11 mm and B equals 10; 15; 20; 25; 30 mm under 
constant value Dɺ=60mm; dɺ=45mm; lB=50mm; ȹ=10mm, 
the radius of curvature increases within 41,4é125,5 mm 
and 95,1é531,6 mm, that is, in 3,2é5,8 times. Thus, 
sufficient limitation of the device technological capabilities 

 ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 5) ʟʤʽʥʠ 
ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʛʥʫʯʢʦʛʦ ʛʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʚʽʜ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʢʮʽʡ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ, 
ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʜʘʥʫ 
ʚʝʣʠʯʠʥʫ ʤʘʻ ʪʦʚʱʠʥʘ ʚʪʫʣʢʠ s ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʰʠʨʠʥʦʶ 
ʚʪʫʣʦʢ ɺ. ʊʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʟʥʘʯʝʥʥʷ s ʚ ʤʝʞʘʭ 3..11 ʤʤ ʽ ɺ 
= 10; 15; 20; 25; 30 ʤʤ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ DB = 60 ʤʤ; 

dB = 45 ʤʤ; lB = 50 ʤʤ; D = 10 ʤʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 
ʨʘʜʽʫʩʘ ʚʠʛʠʥʫ ʚ ʤʝʞʘʭ 41,4é125,5 ʤʤ ʽ 95.1..531,6 ʤʤ ʘʙʦ 
ʞ ʫ 3,2..5,8 ʨʘʟʠ. ʊʦʙʪʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʦʙʤʝʞʝʥʥʷ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʩʪʨʦʶ, ʦʩʢʽʣʴʢʠ ʨʘʜʽʫʩ ʟʛʠʥʫ 
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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 between the adjacent sections ȹ 
within 4é12 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 ï 
96 mm, section length ï 130 mm, SOM length ï 2 m, 
loading on SOM ï 12 Hm, frequency of rotation ï 426 
rev/min under radius of bending ï Rbend = min and under 
the straight SOM ï Rbend = 0). 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ. ʇʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʟʥʘʯʝʥʥʷʭ 
ʜʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʧʨʠ ʟʤʽʥʽ ʚʝʣʠʯʠʥʠ 

ʟʘʟʦʨʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʝʢʮʽʷʤʠ D ʚ ʤʝʞʘʭ 4é12 ʤʤ 
ʢʦʣʠʚʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʟʛʠʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 
ʤʝʞʘʭ 76,3..314,1; 90,4..336,5 ʤʤ. ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ, ʙʽʣʴʰ 
ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʙʫʜʝ ʧʨʠʩʪʨʽʡ ʟ ʤʝʥʰʦʶ ʰʠʨʠʥʦʶ ʚʪʫʣʦʢ 
ʩʝʢʮʽʡ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʧʦʢʘʟʥʠʢʘʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 
ʪʘ ʨʝʩʫʨʩʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʙʫʜʝ ʧʦʪʨʝʙʫʚʘʪʠ ʧʽʜ ʯʘʩ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʥʰʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʜʣʷ ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʟ 
ʰʘʨʥʽʨʥʠʤ ʪʘ ʟʘʧʦʙʽʞʥʠʤ ʟôʻʜʥʘʥʥʷʤ (ʜʦʚʞʠʥʘ ɻʈʆ L = 
2 ʤ) ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 90. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʚʝʜʝʥʥʷ 
ʨʝʩʫʨʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʜʣʷ 
ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 3,20. ʅʘ 
ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʝʩʫʨʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ (ʧʽʩʣʷ 10 ʛʦʜʠʥ 
ʝʢʩʧʣʫʘʪʘʮʽʾ) ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʜʣʷ ʦʙʦʭ ʩʝʢʮʽʡʥʠʭ ɻʈʆ 
ʨʽʟʢʦ ʟʨʦʩʪʘʚ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʠʪʠʨʘʥʥʷʤ ʦʢʨʝʤʠʭ 
ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʰʥʝʢʽʚ, ʘ ʜʘʣʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 
ʫʧʦʚʽʣʴʥʝʥʥʷ ʡʦʛʦ ʨʦʩʪʫ ʽ ʩʪʘʙʽʣʽʟʘʮʽʷ.  
ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ 

ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʜʽʘʤʝʪʨ ʚʠʪʢʘ ï 96 
ʤʤ; ʜʦʚʞʠʥʘ ʩʝʢʮʽʾ ï 130 ʤʤ; ʜʦʚʞʠʥʘ ɻʈʆ ï 2 ʤ; 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ɻʈʆ ï 12 ʅʤ; ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 426 
ʦʙ/ʭʚ  ʧʨʠ ʨʘʜʽʫʩʽ ʟʛʠʥʫ ï Rʟʛ=min ʪʘ ʧʨʠ ʧʨʷʤʦʤʫ ɻʈʆ ï  
Rʟʛ = 0.) 
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Fig. 6 - Dependence of the sectional SOM angle of twist on the operating time /  
ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʩʝʢʮʽʡʥʠʭ ɻʈʆ ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ: 

1 ï with the hinged joint under Rbend = min / ʟ ʰʘʨʥʽʨʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʧʨʠ Rʟʛ=min; 2 ï with the safety joint under Rbend = min / ʟ ʟʘʧʦʙʽʞʥʠʤ 
ʟôʻʜʥʘʥʥʷʤ ʧʨʠ Rʟʛ=min; 3 ï with the hinged joint under Rbend = 0 / ʟ ʰʘʨʥʽʨʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʧʨʠ Rʟʛ = 0; 4; 4 ï with the safety joint under Rbend = 0 / 

ʟ ʰʘʨʥʽʨʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʧʨʠ Rʟʛ = 0; 4 - ʟ ʟʘʧʦʙʽʞʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʧʨʠ Rʟʛ = 0 

 

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

 ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʾ ʩʝʢʮʽʾ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ 
ʦʙʝʨʪʘʥʥʽ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 
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Accordingly, coefficient of irregularity rotation of the 
slave section: 

 ɺʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 
ʚʝʜʝʥʦʾ ʩʝʢʮʽʾ: 
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Torque at an intermediate section is determined from 
the relationship: 

 ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʦʤʽʞʥʽʡ ʩʝʢʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟ 
ʟʘʣʝʞʥʦʩʪʽ: 

a22

..
cos))

2
((1

B

sdD
arctgtgʊT BB

ʩʧ

--
+= ,    (13) 

where T ï 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. 

 ʜʝ T - ʤʦʤʝʥʪ, ʱʦ ʜʽʻ ʥʘ ʚʝʜʫʯʫ ʩʝʢʮʽʶ. 
ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

(ʨʠʩ.7, ʨʠʩ. 8) ʟ ʘʥʘʣʽʟʫ ʷʢʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 
ʱʦ ʚʦʥʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 
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Fig. 7 - The dependence of the torque T from the angle of 

twisting q working unit for one section: 1 - l = 100 mm, 2 - l = 130 mm/ 
ɿʘʣʝʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʊ ʚʽʜ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ 

q ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʣʷ ʦʜʥʽʻʾ ʩʝʢʮʽʾ: 1ï l = 100 ʤʤ,  
2 ï l = 130 ʤʤ 

Fig. 8 - The dependence of the torque T from the angle of twisting 

q working unit for two section: 1 - l = 100 mm, 2 - l = 130 mm / 

ɿʘʣʝʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʊ ʚʽʜ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ q 
ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʣʷ ʜʚʦʭ ʩʝʢʮʽʡ: 1 ï l = 100 ʤʤ, 2 ï l = 130 ʤʤ 

 

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. 

 ʗʢ ʚʠʜʥʦ ʟ (ʨʠʩ. 7 ʽ ʨʠʩ. 8.) , ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʜʦʚʞʠʥʠ 

ʩʝʢʮʽʾ ʧʨʠʨʦʜʥʴʦ ʚʝʜʝ ʜʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ, ʘ ʰʘʨʥʽʨʥʝ ʟôʻʜʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʽʾ, ʪʘʢ ʷʢ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ 

ʥʘʙʘʛʘʪʦ ʚʠʱʘ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʩʘʤʦʾ ʩʝʢʮʽʾ.. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʊmax, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʣʘʤʫ ʩʝʢʮʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʥʽʞ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʩʠʧʢʠʭ ʚʘʥʪʘʞʽʚ 

ʨʦʟʨʦʙʣʝʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʠʩʦʪʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʘʜʽʫʩʽ ʢʨʠʚʠʥʠ ʤʘʛʽʩʪʨʘʣʽ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʦ ʛʚʠʥʪʦʚʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʟ ʩʝʢʮʽʡʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.9. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʜʣʷ ʩʝʢʮʽʡʥʠʭ ɻʈʆ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʮʠʢʣ ʦʙʢʘʪʢʠ ʫ ʭʦʣʦʩʪʦʤʫ ʨʝʞʠʤʽ ʟ 

ʤʝʪʦʁ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʪʠʨʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʠ ʪʝʭʥʽʯʥʠʡ ʦʛʣʷʜ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʛʚʠʥʪʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʟ ʩʝʢʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʝ ʤʘʪʠ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʛʘʣʫʟʷʭ ʭʘʨʯʦʚʦʾ ʪʘ ʧʝʨʝʨʦʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʪʘʢʦʞ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʤʝʭʘʥiʟʦʚʘʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʥʘʩiʥʝʚʦʛʦ ʤʘʪʝʨiʘʣʫ ʪʘ ʟiʙʨʘʥʠʭ 

ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʟʘʚʜʷʢʠ ʨʦʟʰʠʨʝʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʤʦʞʣʠʚʦʩʪʷʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʘ ʡʦʛʦ ʟʛʠʥʫ ʽ 

ʧ̔ ʜʚʠʱʝʥʽʡ ʥʘʜʽʡʥʦʩʪʽ ʟʘʚʜʷʢʠ ʚʜʦʩʢʦʥʘʣʝʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

 
ʘ) 

 
b) 

 
Fig. 9 - Sectional screw operating members with / ʉʝʢʮʽʡʥʽ ʛʚʠʥʪʦʚʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʟ: ʘ 

 a) hinged joints / ʰʘʨʥʽʨʥʠʤ ʟôʻʜʥʘʥʥʷʤ; b) safety joints / ʟʘʧʦʙʽʞʥʠʤ ʟôʻʜʥʘʥʥʷʤ 
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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 

/ 
ʀɿɹʆʈ ʅɸ ʇʆɼʍʆɼʗʑʀ ʇʃʆʑɸɼʂʀ ɿɸ ʇʆʉʊʈʆʗɺɸʅɽ ʅɸ ɹʀʆɻɸɿʆɺʀ 
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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 ï waste, unused biomass and energy 

crops [2, 3]. 

 

 ɸʙʩʪʨʘʢʪ: ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʧʦʚʠʰʘʚʘʥʝ 

ʥʘ ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʦʙʱʝʩʪʚʦʪʦ, ʝ 

ʩʚʲʨʟʘʥʦ ʩ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʦʪʧʘʜʲʮʠ. ʊʷʭʥʦʪʦ 

ʥʘʪʨʫʧʚʘʥʝ ʦʢʘʟʚʘ ʥʝʛʘʪʠʚʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʢʦʤʧʦʥʝʥʪʠʪʝ 

ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʧʦʨʘʞʜʘ ʨʠʩʢʦʚʝ ʟʘ ʫʚʨʝʞʜʘʥʝ ʥʘ 

ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ. ɺ ʨʝʜʠʮʘ ʩʪʨʘʥʠ, ʫʩʪʦʡʯʠʚʦʪʦ ʫʧʨʘʚʣʝʥʠʝ 

ʥʘ ʦʪʧʘʜʲʮʠʪʝ, ʢʘʢʪʦ ʠ ʙʦʨʙʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʨʝʜʫʮʠʨʘʥʝ 

ʟʘʝʤʘʪ ʚʘʞʝʥ ʜʷʣ ʦʪ ʦʙʱʝʩʪʚʝʥʠʪʝ ʫʩʠʣʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʦʙʱʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ ʠ ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʠʪʝ ʧʨʦʤʝʥʠ 

ʥʘ ʢʣʠʤʘʪʘ. ʅʝʜʦʩʪʠʛʲʪ ʥʘ ʝʣʝʢʪʨʝʥʝʨʛʠʷ ʥʘʣʘʛʘ ʪʲʨʩʝʥʝ 

ʥʘ ʥʦʚʠ, ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ /ɺɽʀ/. ɹʲʣʛʘʨʠʷ 

ʠʤʘ ʛʦʣʷʤ ʧʦʪʝʥʮʠʘʣ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʠʦʤʘʩʘʪʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ʩʲʛʣʘʩʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ɽʉ ʟʘ 

ʪʲʨʩʝʥʝ ʥʘ ɺɽʀ. ɿʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʧʘʟʚʘʪ ʨʝʜʠʮʘ ʠʟʠʩʢʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ 

ʠʟʙʦʨʘ ʥʘ ʧʣʦʱʘʜʢʘ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ. ʎʝʣʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʠʟʙʝʨʝ ʥʘʡ-ʧʦʜʭʦʜʷʱʘ ʧʣʦʱʘʜʢʘ ʟʘ 

ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ. ʀʟʙʦʨʲʪ ʥʘ ʧʣʦʱʘʜʢʘ 

ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʯʝʪʠʨʠ ʦʩʥʦʚʥʠ ʩʪʲʧʢʠ, ʚʢʣʶʯʚʘʱʠ ʠʟʙʦʨ ʥʘ 

ʙʣʘʛʦʧʨʠʷʪʝʥ ʨʝʛʠʦʥ ʩʧʦʨʝʜ ʥʘʣʠʯʥʘʪʘ ʙʠʦʤʘʩʘ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʧʦʜʭʦʜʷʱʘ ʦʢʦʣʥʦʩʪ ʚ ʨʘʤʢʠʪʝ ʥʘ ʠʟʙʨʘʥʠʷ ʨʝʛʠʦʥ, 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘ ʠʟʛʨʘʞʜʘʥʝ 

ʥʘ ʧʣʦʱʘʜʢʘʪʘ ʠ ʢʨʠʪʝʨʠʡ, ʩʲʦʙʨʘʟʷʚʘʥʝ ʩ ʥʷʢʦʠ ʩʧʝʮʠʬʠʯʥʠ 

ʦʩʦʙʝʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʙʠʦʛʘʟʦʚ ʧʨʦʝʢʪ ʠ ʜʨ. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ, ʧʣʦʱʘʜʢʘ, ʙʠʦʤʘʩʘ 

 
ɺʒɺɽɼɽʅʀɽ 

 ʀʟʙʦʨ ʥʘ ʧʦʜʭʦʜʷʱʠ ʧʣʦʱʘʜʢʠ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚʠ 
ʠʥʩʪʘʣʘʮʠʠ: ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʧʦʚʠʰʘʚʘʥʝ 
ʥʘ ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʦʙʱʝʩʪʚʦʪʦ, ʝ ʩʚʲʨʟʘʥʦ 
ʩ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʦʪʧʘʜʲʮʠ. ʊʷʭʥʦʪʦ ʥʘʪʨʫʧʚʘʥʝ 
ʦʢʘʟʚʘ ʥʝʛʘʪʠʚʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ ʠ ʧʦʨʘʞʜʘ ʨʠʩʢʦʚʝ ʟʘ ʫʚʨʝʞʜʘʥʝ ʥʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ.  

 ɺ ʨʝʜʠʮʘ ʩʪʨʘʥʠ, ʫʩʪʦʡʯʠʚʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ, 

ʢʘʢʪʦ ʠ ʙʦʨʙʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʨʝʜʫʮʠʨʘʥʝ ʟʘʝʤʘʪ ʚʘʞʝʥ ʜʷʣ ʦʪ 

ʦʙʱʝʩʪʚʝʥʠʪʝ ʫʩʠʣʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʙʱʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ 

ʠ ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ ʢʣʠʤʘʪʘ [1, 5].  

 ʅʝʜʦʩʪʠʛʲʪ ʥʘ ʝʣʝʢʪʨʝʥʝʨʛʠʷ ʥʘʣʘʛʘ ʪʲʨʩʝʥʝ ʥʘ 

ʥʦʚʠ, ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ /ɺɽʀ/. 

 ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʝʥʝʨʛʠʷ ʦʪ ɺɽʀ ʚʢʣʶʯʠʪʝʣʥʦ ʪʷʭʥʦʪʦ ʠʥʪʝʛʨʠʨʘʥʝ ʚ 

ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ, ʝ ʪʷʩʥʦ ʩʚʲʨʟʘʥʦ ʩʲʩ ʟʘʜʲʣʞʝʥʠʷʪʘ 

ʥʘ ʩʪʨʘʥʘʪʘ ʥʠ, ʧʦʝʪʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʝʛʦʚʦʨʥʠʷ ʧʨʦʮʝʩ 

ʟʘ ʯʣʝʥʩʪʚʦ ʚ ɽʉ [6]. 

 ɹʲʣʛʘʨʠʷ ʠʤʘ ʛʦʣʷʤ ʧʦʪʝʥʮʠʘʣ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʠʦʤʘʩʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ.  

 ʅʘʮʠʦʥʘʣʥʘʪʘ ʧʨʦʛʨʘʤʘ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʢʣʘʩʠʬʠʮʠʨʘ ʙʠʦʤʘʩʘʪʘ 

ʩʧʦʨʝʜ ʥʝʡʥʠʷ ʧʨʦʠʟʭʦʜ ʚ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʢʘʪʝʛʦʨʠʠ ï 

ʦʪʧʘʜʲʮʠ, ʥʝʠʟʧʦʣʟʚʘʥʘ ʙʠʦʤʘʩʘ ʠ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ [2, 3]. 
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STEPS AND REQUIREMENTS TO BUILD ɸ 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: 

Á Available biomass (conventional and 
unconventional); 

Á The area in terms of energy resources, logistics, 
etc. 

Á 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). 
 

Á 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 

ʉʊʒʇʂʀ ʀ ʀɿʀʉʂɺɸʅʀʗ ɿɸ ʀɿɻʈɸɾɼɸʅɽ ʅɸ 
ɹʀʆɻɸɿʆɺɸ ʀʅʉʊɸʃɸʎʀʗ 
 ɿʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʜʘ ʩʝ ʩʧʘʟʚʘʪ ʨʝʜʠʮʘ ʠʟʠʩʢʚʘʥʠʘʷ ʩʚʲʨʟʘʥʠ ʩ ʠʟʙʦʨʘ ʥʘ 
ʧʣʦʱʘʜʢʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚʘʪʘ ʠʥʩʪʘʣʘʮʠʷ. 
 ɿʘ ʜʘ ʩʝ ʠʟʙʝʨʘʪ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʪʝ ʧʣʦʱʘʜʢʠ, 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʥʘ: 

Á ʅʘʣʠʯʥʘʪʘ ʙʠʦʤʘʩʘ (ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʠ 
ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʘ); 

Á ʄʝʩʪʥʦʩʪʪʘ, ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʝʥʝʨʛʠʡʥʠ 
ʨʝʩʫʨʩʠ, ʣʦʛʠʩʪʠʢʘ ʠ ʪ.ʥ 

Á ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʨʘʡʦʥ. 
 ʀʟʙʦʨʲʪ ʥʘ ʧʣʦʱʘʜʢʘ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʯʝʪʠʨʠ 
ʦʩʥʦʚʥʠ ʩʪʲʧʢʠ, ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ 1. 
 

ʉʪʲʧʢʘ 1: ʀʟʙʦʨ ʥʘ ʙʣʘʛʦʧʨʠʷʪʝʥ ʨʝʛʠʦʥ, ʩʧʦʨʝʜ 

ʥʘʣʠʯʥʘʪʘ ʙʠʦʤʘʩʘ 

ʇʨʦʚʝʞʜʘʪ ʩʝ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʧʦʪʝʥʮʠʘʣʘ 

ʥʘ ʙʠʦʤʘʩʘʪʘ, ʢʦʠʪʦ ʷʩʥʦ ʦʧʨʝʜʝʣʷʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʩʫʨʦʚʠʥʘ, 

ʧʦʜʭʦʜʷʱʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚ ʧʨʦʝʢʪ [4].  

ʇʦ ʚʨʝʤʝ ʥʘ ʧʲʨʚʘʪʘ ʩʪʲʧʢʘ ʩʝ ʧʦʜʙʠʨʘʪ ʙʣʘʛʦʧʨʠʷʪʥʠ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʨʝʛʠʦʥʠ. ʊʝʟʠ ʨʝʛʠʦʥʠ ʩʝ ʦʧʨʝʜʝʣʷʪ ʚʲʟ 

ʦʩʥʦʚʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʥʘʣʠʯʥʠʪʝ ʙʠʦʨʘʟʛʨʘʜʠʤʠ ʩʫʨʦʚʠʥʠ.  

ʊʲʡ ʢʘʪʦ ʝʥʝʨʛʠʡʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʙʠʦʤʘʩʘʪʘ ʚ ʝʜʠʥʠʮʘ 

ʦʙʝʤ ʝ ʥʠʩʢʦ, ʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʩʫʨʦʚʠʥʘ ʩʘ ʚʠʩʦʢʠ, ʦʪ ʠʢʦʥʦʤʠʯʝʩʢʘ 

ʠ ʝʥʝʨʛʝʪʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʝ ʝ ʝʬʝʢʪʠʚʥʦ ʪʝʯʥʠʪʝ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ 

ʩʫʨʦʚʠʥʠ ʜʘ ʩʝ ʪʨʘʥʩʧʦʨʪʠʨʘʪ ʥʘ ʧʦʚʝʯʝ ʦʪ 5 ʢʤ, ʘ ʝʥʝʨʛʠʡʥʠʪʝ 

ʢʫʣʪʫʨʠ - ʧʦ-ʜʘʣʝʯ ʦʪ 15 ʢʤ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʙʠʦʛʘʟ ʙʠ ʪʨʷʙʚʘʣʦ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʧʦ-ʤʘʣʢʦ ʦʪ 

15 ʢʤ ʦʪ ʠʟʪʦʯʥʠʢʘ ʥʘ ʙʠʦʤʘʩʘ. ʆʩʚʝʥ ʪʦʚʘ, ʧʨʝʨʘʙʦʪʝʥʘʪʘ ʙʠʦʤʘʩʘ 

(ʙʠʦʰʣʘʤ), ʢʦʷʪʦ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʚʦʡʩʪʚʘʪʘ 

ʥʘ ʧʦʯʚʘʪʘ, ʥʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʪʨʘʥʩʧʦʨʪʠʨʘʥʘ ʥʘ ʧʦʚʝʯʝ ʦʪ 15 ʢʤ, 

ʧʦʨʘʜʠ ʥʘʨʘʩʪʚʘʱʠʪʝ ʩ ʨʘʟʩʪʦʷʥʠʝʪʦ ʪʨʘʥʩʧʦʨʪʥʠ ʨʘʟʭʦʜʠ. 

 

ʉʪʲʧʢʘ 2: ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʜʭʦʜʷʱʘ ʦʢʦʣʥʦʩʪ, ʚ 

ʨʘʤʢʠʪʝ ʥʘ ʠʟʙʨʘʥʠʷ ʨʝʛʠʦʥ 

ɺʪʦʨʘʪʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʧʦʜʭʦʜʷʱʘ ʦʢʦʣʥʦʩʪ, ʥʘʤʠʨʘʱʘ 

ʩʝ ʚ ʦʙʩʝʛʘ ʥʘ ʠʟʙʨʘʥʠʷ, ʧʦ ʚʨʝʤʝ ʥʘ ʉʪʲʧʢʘ 1, ʨʝʛʠʦʥ. ɿʘ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘ ʝʜʥʘ ʦʙʣʘʩʪ ʢʘʪʦ ʧʦʜʭʦʜʷʱʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ 

ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʮʝʥʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 

ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʧʦʣʫʯʝʥʘʪʘ ʪʦʧʣʠʥʘ ʢʘʢʪʦ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 

ʧʦʜʘʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʪʚʦ ʢʲʤ ʝʣʝʢʪʨʦʩʥʘʙʜʠʪʝʣʥʘʪʘ ʤʨʝʞʘ. 

ʊʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʥʘ ʪʦʧʣʠʥʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʠʥʪʝʥʟʠʚʥʠ ʨʘʟʭʦʜʠ 

ʠ ʥʝʠʟʙʝʞʥʠ ʝʥʝʨʛʠʡʥʠ ʟʘʛʫʙʠ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʠʥʩʪʘʣʘʮʠʷʪʘ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʦʪʜʘʣʝʯʝʥʘ ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ ʧʦ-ʤʘʣʢʦ ʦʪ 1000 ʤ ʦʪ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʥʘ ʪʦʧʣʠʥʘ. 

 

ʉʪʲʧʢʘ 3: ʀʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʧʣʦʱʘʜʢʘ-ʢʨʠʪʝʨʠʠ 

ʇʦ ʚʨʝʤʝ ʥʘ ʪʨʝʪʘʪʘ ʩʪʲʧʢʘ ʩʝ ʦʧʨʝʜʝʣʷ ʪʦʯʥʦʪʦ ʤʷʩʪʦ, ʧʦʜʭʦʜʷʱʦ 

ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʧʣʦʱʘʜʢʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʱʝ ʩʝ ʠʟʛʨʘʜʠ ʙʠʦʛʘʟʦʚʘʪʘ 

ʠʥʩʪʘʣʘʮʠʷ. ʇʦʜʭʦʜʷʱʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʪʝʟʠ ʧʣʦʱʠ, 

ʚʲʨʭʫ ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʘʪ ʚʩʠʯʢʠ ʦʪʜʝʣʥʠ ʩʠʩʪʝʤʠ 

ʦʪ ʦʙʦʨʫʜʚʘʥʝʪʦ (ʬʝʨʤʝʥʪʘʪʦʨʠ, ʩʢʣʘʜʦʚʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦ-ʛʝʥʝʨʘʪʦʨʠ ʠ 

ʪ.ʥ) ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʨʦʮʝʩʲʪ ʜʘ ʧʨʦʪʠʯʘ ʧʨʠ ʪʝʭʥʠʯʝʩʢʠ ʠ ʟʘʢʦʥʦʚʦ 

ʠʟʛʦʜʥʠ ʫʩʣʦʚʠʷ (ʜʘ ʠʤʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʜʦʩʪʘʪʲʯʥʘ ʧʣʦʱ ʠ/ʠʣʠ 

ʜʘ ʝ ʥʘ ʣʠʮʝ ʜʦʙʲʨ ʜʦʩʪʲʧ ʜʦ ʚʘʞʝʥ ʧʲʪʥʦ-ʪʨʘʥʩʧʦʨʪʝʥ ʚʲʟʝʣ). 

 

Á ʋʩʣʦʚʝʥ ʨʘʟʤʝʨ ʥʘ ʧʣʦʱʘʜʢʘʪʘ: 
ɿʘ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʘʪ ʚʩʠʯʢʠ ʩʲʦʨʲʞʝʥʠʷ ʥʘ ʙʠʦʛʘʟʦʚʘʪʘ 

ʠʥʩʪʘʣʘʮʠʷ (ʬʝʨʤʝʥʪʘʪʦʨ, ʛʘʟʛʦʣʜʝʨ, ʢʦ-ʛʝʥʝʨʘʪʦʨ, ʜʦʧʲʣʥʠʪʝʣʥʠ 
ʫʩʪʨʦʡʩʪʚʘ) ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʲʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʎʝʥʪʨʘʣʘ, 
ʛʝʥʝʨʠʨʘʱʘ 500 ʢɺʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʟʘʝʤʘ ʧʣʦʱ ʦʪ 
ʦʢʦʣʦ 4000 ʤĮ. ɸʢʦ ʠʟʭʦʜʥʠʪʝ ʩʫʨʦʚʠʥʠ, ʢʦʠʪʦ ʱʝ ʩʝ ʧʦʜʘʚʘʪ 
ʟʘ ʦʙʨʘʙʦʪʢʘ, ʱʝ ʩʘ  ʦʪʧʘʜʲʮʠ ʦʪ ʟʝʤʝʜʝʣʠʝʪʦ (ʙʠʦʤʘʩʘ ʩ 
ʚʠʩʦʢʦ ʝʥʝʨʛʠʡʥʦ ʩʲʜʲʨʞʘʥʠʝ - ʥʘʧʨ. ʮʘʨʝʚʠʮʘ), ʝ ʥʝʦʙʭʦʜʠʤʘ 
ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʣʦʱ ʦʪ 5400 ʤĮ, ʚʲʨʭʫ ʢʦʷʪʦ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʠ 
ʩʢʣʘʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʩʲʙʨʘʥʘʪʘ ʨʝʢʦʣʪʘ. 
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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
. 

 
Á 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. 
 

Á 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. 

ɺ ʩʣʫʯʘʡ, ʯʝ ʠʟʭʦʜʥʠʷʪ ʩʫʙʩʪʨʘʪ ʝ ʥʠʩʢʦʢʘʣʦʨʠʯʝʥ (ʥʘʧʨ. 
ʪʦʨ), ʦʙʝʤʲʪ ʥʘ ʭʨʘʥʠʣʠʱʝʪʦ ʪʨʷʙʚʘ ʜʘ ʝ ʦʱʝ ʧʦ-ʛʦʣʷʤ ï 
ʩʣʝʜʦʚʘʪʝʣʥʦ ʩʝ ʠʟʠʩʢʚʘ ʦʱʝ ʧʦ-ʛʦʣʷʤʘ ʧʣʦʱ. 
ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʢʣʘʜ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʧʲʨʚʠʯʥʘ 

ʙʠʦʤʘʩʘ ʦʩʠʛʫʨʷʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʮʝʣʦʛʦʜʠʰʝʥ 
ʧʨʦʮʝʩ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʙʠʦʤʘʩʘ ʢʲʤ ʠʥʩʪʘʣʘʮʠʷʪʘ, 
ʩʲʦʪʚʝʪʥʦ - ʮʝʣʦʛʦʜʠʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ. 
ɺ ʩʣʫʯʘʡ, ʯʝ ʧʦʣʫʯʝʥʠʷʪ ʙʠʦʰʣʘʤ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ 

ʧʦʯʚʝʥ ʧʦʜʦʙʨʠʪʝʣ ʚ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʦʱʝ ʝʜʥʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʲʦʨʲʞʝʥʠʝ ʟʘ 
ʥʝʛʦʚʦʪʦ ʩʲʭʨʘʥʝʥʠʝ. ɺ ʤʥʦʛʦ ʜʲʨʞʘʚʠ, ʚʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ 
ʩʝ ʜʦʩʪʘʚʷ ʩʘʤʦ ʧʦ ʚʨʝʤʝ ʥʘ ʣʝʪʥʠʷ ʩʝʟʦʥ. ɺ ʪʘʢʲʚ ʩʣʫʯʘʡ 
ʟʘʜʲʣʞʠʪʝʣʥʦ ʩʝ ʠʟʛʨʘʞʜʘ ʭʨʘʥʠʣʠʱʝ ʟʘ ʩʢʣʘʜʠʨʘʥʝ ʥʘ 
ʪʦʨʦʚʘʪʘ ʤʘʩʘ ʧʨʝʟ ʟʠʤʘʪʘ. ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʪʠʧ 
ʩʢʣʘʜʦʚʦ ʦʙʦʨʫʜʚʘʥʝ, ʢʲʤ ʠʥʩʪʘʣʘʮʠʷ ʩ ʝʣ. ʤʦʱʥʦʩʪ ʦʪ 500 
ʢɺʘʪʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ 4000 ʤ

2
. 

 

Á ɺʨʲʟʢʠ ʩ ʧʲʪʥʘʪʘ ʤʨʝʞʘ 
ʀʥʩʪʘʣʘʮʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʟʘʭʨʘʥʚʘʪ 

ʥʘ ʨʘʚʥʦʤʝʨʥʠ ʠʥʪʝʨʚʘʣʠ ʩ ʛʦʣʝʤʠ ʧʦʨʮʠʠ ʙʠʦʤʘʩʘ. 
ʉʣʝʜʦʚʘʪʝʣʥʦ, ʬʝʨʤʝʥʪʠʨʘʣʘʪʘ ʩʤʝʩ ʩʲʱʦ ʩʝ ʦʪʪʠʯʘ 
ʧʦʩʪʦʷʥʥʦ ʚ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 
ʪʨʘʥʩʧʦʨʪʠʨʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʨʝʤʝ. ʇʦʨʘʜʠ 
ʪʘʟʠ ʧʨʠʯʠʥʘ, ʚ ʙʣʠʟʦʩʪ ʜʦ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘʜʲʣʞʠʪʝʣʥʦ 
ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʫʜʦʙʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʚʲʟʣʠ. 
 

Á ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʣʦʱʘʜʢʘʪʘ 

ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʧʣʦʱʘʜʢʠ ʥʘ ʙʠʦʛʘʟʦʚʠ ʮʝʥʪʨʘʣʠ ʜʘ ʩʝ 
ʠʟʛʨʘʞʜʘʪ ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʩʪʘʨʠ, ʥʝʠʟʧʦʣʟʚʘʝʤʠ ʚ ʤʦʤʝʥʪʘ ʠʥʜʫʩʪʨʠʘʣʥʠ 
ʤʝʩʪʥʦʩʪʠ, ʚʤʝʩʪʦ ʚʲʨʭʫ ʦʟʝʣʝʥʝʥʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʧʣʦʱʠ, ʪʲʡ 
ʢʘʪʦ ʧʦ ʪʘʢʲʚ ʥʘʯʠʥ ʧʨʠʨʦʜʥʠʷ ʧʝʡʟʘʞ ʱʝ ʙʲʜʝ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʤʘʣʢʦ 
ʦʱʝʪʝʥ. ʆʩʚʝʥ ʪʦʚʘ, ʧʨʝʜʠ ʜʘ ʧʦʜʭʦʜʠʤ ʢʲʤ ʩʘʤʦʪʦ ʠʟʛʨʘʞʜʘʥʝ, 
ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʙʝʜʠʤ, ʯʝ ʧʦʯʚʝʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 
ʨʘʡʦʥʘ, ʢʦʡʪʦ ʩʤʝ ʠʟʙʨʘʣʠ, ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʧʣʦʱʘʜʢʘ. 
 
ʉʪʲʧʢʘ 4: ʉʲʦʙʨʘʟʷʚʘʥʝ ʩ ʥʷʢʦʠ ʩʧʝʮʠʬʠʯʥʠ 
ʦʩʦʙʝʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʙʠʦʛʘʟʦʚ ʧʨʦʝʢʪ 

ʇʦʩʣʝʜʥʘʪʘ ʩʪʲʧʢʘ ʠʟʙʨʦʷʚʘ ʚʘʞʥʠ ʬʘʢʪʠ, ʢʦʠʪʦ 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʧʨʠ ʦʩʲʱʝʩʚʷʚʘʥʝ ʥʘ 
ʙʠʦʛʘʟʦʚ ʧʨʦʝʢʪ. ʅʘʧʨ. ʤʦʙʠʣʠʟʘʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ 
ʚʠʜʦʚʝ ʠʥʩʪʠʪʫʮʠʠ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʧʦʣʠʪʠʯʝʩʢʘ ʠ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘ ʧʦʜʢʨʝʧʘ ʠ ʜʘ ʩʝ ʩʧʝʯʝʣʠ 
ʦʙʱʝʩʪʚʝʥʦʪʦ ʦʜʦʙʨʝʥʠʝ ʟʘ ʧʨʦʝʢʪʘ. 
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Fig. 1 - Methodology for site selection / ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʠ ʠʟʙʦʨ ʥʘ ʧʣʦʱʘʜʢʘ [9] 
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Á 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]. 
 

Á Provision experts 

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

Á 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 

 Á ʅʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʦʣʠʪʠʯʝʩʢʘ ʧʦʜʢʨʝʧʘ ʠ ʦʙʫʯʝʥ ʧʝʨʩʦʥʘʣ 

ʇʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʠʤʘ ʥʘʡ-ʚʝʯʝ 
ʧʦʣʠʪʠʯʝʩʢʘ ʥʘʩʦʯʝʥʦʩʪ, ʪʲʡ ʢʘʪʦ ʚʲʟʦʙʥʦʚʷʝʤʠʪʝ ʝʥʝʨʛʠʡʥʠ 
ʠʟʪʦʯʥʠʮʠ ʟʘʝʤʘʪ ʚʘʞʥʦ ʤʷʩʪʦ ʚ ʧʫʙʣʠʯʥʘʪʘ ʠ ʦʙʱʝʩʪʚʝʥʘ 
ʩʨʝʜʘ. ʀʢʦʥʦʤʠʯʝʩʢʠʷʪ ʫʩʧʝʭ ʥʘ ʟʘʚʦʜ ʟʘ ʙʠʦʛʘʟ ʟʘʚʠʩʠ ʦʪ 
ʛʦʜʠʰʥʠʷ ʜʦʙʠʚ ʥʘ ʙʠʦʛʘʟ ʠ ʩʝ ʧʦʩʪʠʛʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʦʧʠʪʥʠ ʣʠʮʘ, ʫʧʨʘʚʣʷʚʘʱʠ ʠʥʩʪʘʣʘʮʠʷʪʘ. ɺ ʥʷʢʦʠ ʮʝʥʪʨʘʣʠ 
ʛʦʜʠʰʥʘʪʘ ʝʥʝʨʛʠʡʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʤʦʞʝ ʜʘ ʥʘʨʘʩʥʝ 
ʩ ʥʘʜ 25 %, ʥʦ ʩʘʤʦ ʧʨʠ ʧʦʣʦʞʝʥʠʝ ʯʝ ʧʦʜʜʨʲʞʢʘʪʘ ʠ 
ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʩʲʦʨʲʞʝʥʠʝʪʦ ʩʝ ʦʨʛʘʥʠʟʠʨʘʪ ʠ 
ʥʘʧʨʘʚʣʷʚʘʪ ʦʪ ʪʝʩʥʠ ʩʧʝʮʠʘʣʠʩʪʠ ʚ ʦʙʣʘʩʪʪʘ [7]. 
 

Á ʆʩʠʛʫʨʷʚʘʥʝ ʥʘ ʝʢʩʧʝʨʪʠ. 

ʄʥʦʛʦ ʥʘʮʠʦʥʘʣʥʠ ʠ ʝʚʨʦʧʝʡʩʢʠ ʧʨʦʛʨʘʤʠ ʧʨʝʜʦʩʪʘʚʷʪ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʙʫʯʝʥʠʝ ʥʘ ʦʧʝʨʘʪʦʨʠ ʥʘ ʥʘʩʪʦʷʱʠ 
ʠʣʠ ʙʲʜʝʱʠ ʠʥʩʪʘʣʘʮʠʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ.  
 

Á ʇʨʠʤʝʨʠ ʟʘ ʪʠʧʦʚʠ ʙʠʦʛʘʟʦʚʠ ʠʥʩʪʘʣʘʮʠʠ. 

ɹʠʦʛʘʟʦʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ ʚ ɽʚʨʦʧʘ ʧʨʝʨʘʙʦʪʚʘʪ ʧʨʝʜʠʤʥʦ 
ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ, ʠʥʜʫʩʪʨʠʘʣʥʠ ʠ ʢʦʤʫʥʘʣʥʦ-ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ. 
ʆʩʚʝʥ ʪʦʚʘ, ʠʥʩʪʘʣʘʮʠʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʨʝʞʜʘʥʠ ʠ ʩ ʪʝʭʥʠʯʝʩʢʠ 
ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ, ʥʦ ʩʘʤʦ ʚ ʩʪʨʘʥʠ, ʚ ʢʦʠʪʦ ʩʲʱʝʩʪʚʫʚʘʪ ʩʧʝʮʠʘʣʥʠ 
ʩʭʝʤʠ ʥʘ ʬʠʥʘʥʩʠʨʘʥʝ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʚ ɻʝʨʤʘʥʠʷ [1, 7]. 
ʇʨʦʠʟʚʝʜʝʥʠʷʪ ʙʠʦʛʘʟ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ (ʢʦ-ʛʝʥʝʨʘʮʠʷ, 
CHP) ʠʣʠ ʩʘʤʦ ʟʘ ʦʪʦʧʣʠʪʝʣʥʠ ʮʝʣʠ. ʇʲʨʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ, ʧʦʩʪʨʦʝʥʠ 
ʚ ɸʚʩʪʨʠʷ, ɻʝʨʤʘʥʠʷ, ʐʚʝʮʠʷ ʠ ʐʚʝʡʮʘʨʠʷ, ʦʧʦʣʟʦʪʚʦʨʷʚʘʪ 
ʙʠʦʛʘʟʘ ʜʦ ʙʠʦʤʝʪʘʥ. ɹʠʦʤʝʪʘʥʲʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʢʘʪʦ 
ʪʨʘʥʩʧʦʨʪʥʦ ʛʦʨʠʚʦ ʠʣʠ ʜʘ ʙʲʜʝ ʧʦʜʘʚʘʥ ʢʲʤ ʥʘʮʠʦʥʘʣʥʘʪʘ 
ʤʨʝʞʘ ʟʘ ʧʨʠʨʦʜʝʥ ʛʘʟ. ɺ ʙʲʜʝʱ ʧʣʘʥ ʝ ʚʲʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 
ʙʠʦʛʘʟ ʜʘ ʥʘʨʘʩʥʝ ʟʥʘʯʠʪʝʣʥʦ ʠ ʪʦʡ ʜʘ ʙʲʜʝ ʪʲʨʛʫʚʘʥ ʢʘʪʦ 
ʠʟʢʣʶʯʠʪʝʣʥʦ ʮʝʥʥʦ ʛʦʨʠʚʦ (ʧʨʠ ʧʦʜʘʚʘʥʝ ʢʲʤ ʥʘʮʠʦʥʘʣʥʘʪʘ 
ʤʨʝʞʘ ʟʘ ʧʨʠʨʦʜʝʥ ʛʘʟ, ʩʣʝʜ ʝʪʘʧ ʥʘ ʧʨʝʯʠʩʪʚʘʥʝ, ʠʣʠ ʧʨʠ 
ʚʪʝʯʥʷʚʘʥʝ, ʩʲʭʨʘʥʝʥʠʝ ʠ ʩʲʦʪʚʝʪʥʘ ʩʣʝʜʚʘʱʘ ʫʧʦʪʨʝʙʘ). 
ʊʲʡ ʢʘʪʦ ʩʧʝʢʪʲʨʲʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʝ ʜʦʩʪʘ ʰʠʨʦʢ, 

ʝ ʪʨʫʜʥʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʪʘʥʜʘʨʪʝʥ ʜʠʟʘʡʥ ʥʘ ʙʠʦʛʘʟʦʚʘ 
ʠʥʩʪʘʣʘʮʠʷ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʪʨʠ 
ʨʘʟʣʠʯʥʠ ʧʨʠʤʝʨʥʠ ʠʥʩʪʘʣʘʮʠʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ. 
 

ʇʨʠʤʝʨ 1: ʀʥʩʪʘʣʘʮʠʷ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʪʦʨ ʦʪ 

ʞʠʚʦʪʥʦʚʲʜʥʠʪʝ ʬʝʨʤʠ, ʚ ʢʦʷʪʦ ʧʨʦʠʟʚʝʜʝʥʠʷʪ 

ʙʠʦʛʘʟ ʩʣʫʞʠ ʟʘ ʦʪʦʧʣʠʪʝʣʥʠ ʮʝʣʠ 

ʅʘʡ-ʤʘʣʢʠʷʪ ʪʠʧ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʧʨʝʨʘʙʦʪʚʘ 

ʩʘʤʦ ʦʙʦʨʩʢʠ ʪʦʨ, ʘ ʠʟʚʣʝʯʝʥʠʷʪ ʙʠʦʛʘʟ ʩʝ ʠʟʧʦʣʟʚʘ ʩʘʤʦ 

ʟʘ ʦʪʦʧʣʝʥʠʝ. ɿʘʨʝʞʜʘʥʠʷʪ ʦʙʝʤ ʚʘʨʠʨʘ ʦʪ 40 ʜʦ 80 

ʞʠʚʦʪʠʥʩʢʠ ʝʜʠʥʠʮʠ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʪʘʢʲʚ ʪʠʧ ʠʥʩʪʘʣʘʮʠʷ 

ʝ ʧʨʦʩʪʘ ʠ ʣʝʩʥʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʠ ʧʦʜʜʨʲʞʢʘ. 

ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʝ ʧʦʪʦʢʘ ʦʙʦʨʩʢʠ ʪʦʨ ʜʘ ʧʦʧʘʜʘ ʜʠʨʝʢʪʥʦ 

ʦʪ ʦʙʦʨʘ ʚʲʚ ʬʝʨʤʝʥʪʘʪʦʨʘ (ʙʝʟ ʧʦʤʦʱʪʘ ʥʘ ʧʦʤʧʠ), ʘ ʦʪʪʘʤ 

ï ʚ ʩʢʣʘʜ ʟʘ ʩʲʭʨʘʥʝʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʜʝʥʘʪʘ ʟʘ ʦʙʨʘʙʦʪʢʘ 

ʚʲʚ ʬʝʨʤʝʥʪʘʪʦʨʘ ʩʤʝʩ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦ-ʚʠʩʦʢʘ ʦʪ 37 ÁC, ʩʣʝʜ 

ʢʦʝʪʦ ʩʤʝʩʪʘ ʩʝ ʨʘʟʙʲʨʢʚʘ. ʆʙʠʢʥʦʚʝʥʦ ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ 

ʨʘʟʙʲʨʢʚʘʥʝ ʧʨʦʜʲʣʞʘʚʘ ʦʪ 3-8 ʤʠʥ/ʯʘʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʠʤʝʩʠ, ʧʦʩʪʲʧʠʣʠ ʥʘʨʝʜ ʩ ʪʦʨʪʘ ʚʲʚ ʬʝʨʤʝʥʪʘʪʦʨʘ. 

ʇʨʦʠʟʚʝʜʝʥʠʷʪ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʙʠʦʛʘʟ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ 

ʛʘʟʦʧʨʦʚʦʜ, ʠʟʛʨʘʜʝʥ ʦʪ ʥʝʨʲʞʜʘʝʤʘ ʩʪʦʤʘʥʘ, ʩʣʝʜ ʢʦʝʪʦ 

ʧʦʧʘʜʘ ʚ ʛʘʟʦʚ ʙʘʣʦʥ, ʢʲʜʝʪʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʧʦʜ ʥʠʩʢʦ ʥʘʣʷʛʘʥʝ. 

ʇʨʝʜʠ ʛʘʟʲʪ ʜʘ ʙʲʜʝ ʧʦʜʘʜʝʥ ʟʘ ʠʟʛʘʨʷʥʝ ʚ ʤʦʜʠʬʠʮʠʨʘʥʘ 

ʛʦʨʝʣʢʘ, ʥʘʣʷʛʘʥʝʪʦ ʚ ʥʝʛʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦʚʠʰʝʥʦ, ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʩʪʨʘʥʠʯʥʦ ʨʘʟʧʦʣʦʞʝʥ ʢʘʥʘʣʝʥ ʚʝʥʪʠʣʘʪʦʨ. 

ɹʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ, ʧʨʦʝʢʪʠʨʘʥʘ ʟʘ 50 ʞʠʚʦʪʠʥʩʢʠ ʝʜʠʥʠʮʠ, 

ʧʨʦʠʟʚʝʞʜʘ ʦʢʦʣʦ 62,4 ʤį ʙʠʦʛʘʟ ʥʘ ʜʝʥ (ʩʲʩ ʩʲʜʲʨʞʘʥʠʝ ʥʘ 

ʤʝʪʘʥ ʦʢʦʣʦ 63 %), ʢʦʝʪʦ ʦʪʛʦʚʘʨʷ ʥʘ 2,6 ʤį/ʯ, ʢʘʪʦ 

ʧʦʩʪʦʷʥʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʠʟʛʘʨʷʥʝ ʝ 15.6 ʢɺʘʪʘ. 

 

ʇʨʠʤʝʨ 2: ʂʦ-ʛʝʥʝʨʘʮʠʦʥʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ 

ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʠʥʜʫʩʪʨʠʘʣʥʠ ʠʣʠ ʢʦʤʫʥʘʣʥʠ -ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ 

ɿʥʘʯʠʪʝʣʝʥ ʧʨʦʙʣʝʤ ʧʨʠ ʙʠʦʛʘʟʦʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ, ʠʟʧʦʣʟʚʘʱʠ 

ʠʥʜʫʩʪʨʠʘʣʥʠ ʠʣʠ ʢʦʤʫʥʘʣʥʠ-ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ, ʧʨʝʜʩʪʘʚʣʷʚʘʪ 
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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 

fermentation tanks, then obtained biogas. One ton corn 

silage received approximately 750 kg processed 

(secondary) biomass and 200 m ³ biogas with a methane 

content of about 52%. 

 After a retention time of 70 days and in some cases 

even more, the digestate is stored and can be used 

directly as a soil improver. If is necessary, the biological 

treatment mixture can be separated into liquid and solid 

fraction which may be used for nutrition of energy crops 

which require a particular care during the cultivation 

process. It is recommended that storage space intended 

for digestate, to be covered by an elastic membrane or 

bellows roof to avoid any loss of biogas and to prevent the 

release of odors and residual methane emissions. 

 During the last stage, the biogas is cooled, dried and 

purified (if necessary) and is fed to the cogeneration unit 

(CHP unit), where it is utilized to heat and electricity. 

Figure 3 shows mass balance of the type biogas plant 

fueled with silage corn. 

ʥʝʦʨʛʘʥʠʯʥʠʪʝ ʚʝʱʝʩʪʚʘ, ʢʦʠʪʦ ʧʦʧʘʜʘʪ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘʨʝʜ ʩ 

ʙʠʦʨʘʟʛʨʘʜʠʤʠʪʝ ʦʪʧʘʜʲʮʠ. ʅʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠ ʪʘʢʠʚʘ ʩʘ ʥʘʡʣʦʥʦʚʠʪʝ 

ʪʦʨʙʠʯʢʠ, ʩʪʲʢʣʦʪʦ, ʤʝʪʘʣʠʪʝ, ʘ ʩʲʱʦ ʪʘʢʘ ʠ ʢʦʩʪʠ, ʢʦʠʪʦ ʙʠ ʩʣʝʜʚʘʣʦ 

ʜʘ ʙʲʜʘʪ ʦʪʩʪʨʘʥʷʚʘʥʠ ʧʨʝʜʠ ʧʨʦʮʝʩʘ ʥʘ ʬʝʨʤʝʥʪʘʮʠʷ [1, 7]. 
 

ʇʨʠʤʝʨ 3: ʂʦ-ʛʝʥʝʨʘʮʠʦʥʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ, 

ʟʘʨʝʞʜʘʥʘ ʩ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ 

ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʙʠʦʛʘʟʦʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ, ʦʩʦʙʝʥʦ ʪʝʟʠ ʚ ɻʝʨʤʘʥʠʷ, 

ʩʝ ʟʘʨʝʞʜʘʪ ʩ ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ. ʀʥʩʪʘʣʘʮʠʷ, ʨʘʟʧʦʣʘʛʘʱʘ 

ʩ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʦʪ 500 ʢɺʘʪʘ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 

ʟʘʨʝʞʜʘʥʘ ʩ ʥʘʡ-ʤʘʣʢʦ 31 ʪ ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ ʥʘ ʜʝʥ, ʢʦʝʪʦ ʩʝ 

ʨʘʚʥʷʚʘ ʥʘ ʩʲʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʩʢʠ ʪʦʨ. ʉʠʣʘʞʲʪ ʩʝ ʨʘʟʛʨʘʞʜʘ 

ʙʠʦʣʦʛʠʯʥʦ ʚʲʚ ʬʝʨʤʝʥʪʘʮʠʦʥʥʠʪʝ ʪʘʥʢʦʚʝ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ 

ʧʦʣʫʯʘʚʘ ʙʠʦʛʘʟ. ʆʪ ʝʜʠʥ ʪʦʥ ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ ʩʝ ʧʦʣʫʯʘʚʘʪ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 750 ʢʛ ʧʨʝʨʘʙʦʪʝʥʘ (ʚʪʦʨʠʯʥʘ) ʙʠʦʤʘʩʘ ʠ ʦʢʦʣʦ 

200 ʤį ʙʠʦʛʘʟ, ʩʲʩ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʤʝʪʘʥ ʦʢʦʣʦ 52 %. 
ʉʣʝʜ ʚʨʝʤʝ ʥʘ ʟʘʜʲʨʞʘʥʝ ʦʪ 70 ʜʥʠ, ʘ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʜʦʨʠ 

ʠ ʧʦʚʝʯʝ, ʚʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ ʩʝ ʩʢʣʘʜʠʨʘ ʠ ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʜʘ 
ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ (ʙʝʟ ʧʨʦʮʝʩ ʥʘ ʜʦʦʙʨʘʙʦʪʢʘ) ʢʘʪʦ ʧʦʯʚʝʥ 
ʧʦʜʦʙʨʠʪʝʣ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ, ʙʠʦʣʦʛʠʯʥʦ ʧʨʝʨʘʙʦʪʝʥʘʪʘ ʩʤʝʩ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʝʯʥʘ ʠ ʪʚʲʨʜʘ ʬʨʘʢʮʠʷ, ʩʣʝʜ 
ʢʦʝʪʦ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʧʦʜʭʨʘʥʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ, 
ʥʫʞʜʘʝʱʠ ʩʝ ʦʪ ʧʦ-ʦʩʦʙʝʥʠ ʛʨʠʞʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʢʫʣʪʠʚʘʮʠʷ. 
ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʩʢʣʘʜʦʚʦʪʦ ʧʦʤʝʱʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʟʘ 
ʩʭ̡ʨʘʥʝʥʠʝ ʥʘ ʚʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ, ʜʘ ʙʲʜʝ ʧʦʢʨʠʪʦ ʩ ʝʣʝʩʪʠʯʥʘ 
ʤʝʤʙʨʘʥʘ ʠʣʠ ʩ ʜʚʦʝʥ ʤʝʤʙʨʘʥʝʥ ʧʦʢʨʠʚ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ 
ʝʚʝʥʪʫʘʣʥʠ ʟʘʛʫʙʠ ʥʘ ʙʠʦʛʘʟ ʠ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʠ ʠʟʧʫʩʢʘʥʝ ʥʘ 
ʥʝʧʨʠʷʪʥʠ ʤʠʨʠʟʤʠ, ʢʘʢʪʦ ʠ ʥʘ ʦʩʪʘʪʲʯʥʠ ʝʤʠʩʠʠ ʤʝʪʘʥ. 
ʇʦ ʚʨʝʤʝ ʥʘ ʧʦʩʣʝʜʥʠʷ ʩʪʘʜʠʡ, ʙʠʦʛʘʟʲʪ ʩʝ ʦʭʣʘʞʜʘ, 

ʠʟʩʫʰʘʚʘ ʠ ʧʨʝʯʠʩʪʚʘ (ʘʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ), ʠ ʩʝ ʧʦʜʘʚʘ 
ʢʲʤ ʢʦ-ʛʝʥʝʨʘʮʠʦʥʥʦ ʦʪʜʝʣʝʥʠʝ (CHP unit), ʢʲʜʝʪʦ ʩʝ 
ʦʧʦʣʟʦʪʚʦʨʷʚʘ ʜʦ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. 
ʌʠʛʫʨʘ 3 ʠʟʦʙʨʘʟʷʚʘ ʤʘʩʦʚʠʷ ʙʘʣʘʥʩ ʥʘ ʪʠʧʦʚʘ 
ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ, ʟʘʨʝʞʜʘʥʘ ʩ ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ. 

 

 
Fig. 3 - Block diagram representing mass balance of a biogas plant for corn silage, disposing of the electric power of 500 kW /  

ɹʣʦʢʦʚʘ ʜʠʘʛʨʘʤʘ, ʠʟʦʙʨʘʟʷʚʘʱʘ ʤʘʩʦʚ ʙʘʣʘʥʩ ʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ, ʨʘʟʧʦʣʘʛʘʱʘ ʩ ʝʣʝʢʨʠʯʝʩʢʘ 
ʤʦʱʥʦʩʪ ʦʪ 500 ʢɺʘʪʘ 

 
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 

 ʆʉʅʆɺʅʀ ʅɸʉʆʂʀ  

ʇʨʠ ʧʣʘʥʫʚʘʥʦ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʙʠʦʛʘʟʦʚʘ ʠʥʩʪʘʣʘʮʠʷ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʜʦʩʪʘʪʲʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʘ, 

ʢʦʝʪʦ ʱʝ ʩʝ ʧʦʜʘʚʘ ʟʘ ʦʙʨʘʙʦʪʢʘ. ʅʘ ʧʲʨʚʦ ʚʨʝʤʝ ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʦʮʝʥʠ ʢʘʢʚʦ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʛʘʟ ʱʝ ʩʝ ʧʦʣʫʯʘʚʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʭʦʜʥʘʪʘ ʩʫʨʦʚʠʥʘ. ɺʪʦʨʘʪʘ ʢʨʘʯʢʘ ʝ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʠ ʙʠʦʛʘʟʦʚʠʷ ʢʘʧʘʮʠʪʝʪ ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ [1, 2, 8]. 

ʂʘʪʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʣʠʮʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʙʠʦʤʘʩʘʪʘ ʠ ʥʝʡʥʦʪʦ 

ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ: ʢʤʝʪʦʚʝ ʠ ʜʨʫʛʠ ʩʣʫʞʠʪʝʣʠ 

ʚ ʜʲʨʞʘʚʥʠʪʝ ʦʙʱʠʥʠ;ʌʝʨʤʝʨʠ ʠ ʫʧʨʘʚʠʪʝʣʠ ʥʘ ʬʝʨʤʝʨʩʢʠ 
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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 

risk present in the process, Ăbiomass supplies ". However, 

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 
ñbiomass supplyò. 
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). 

ʘʩʦʮʠʘʮʠʠ; ʇʦʢʫʧʢʦ-ʧʨʦʜʘʚʘʯʠ ʥʘ ʙʠʦʤʘʩʘ, ʢʘʢʪʦ ʠ ʙʠʟʥʝʩʤʝʥʠ.  

ʇʦʩʪʠʛʘʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʨʘʟʤʝʨʘ ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ. 

ʀʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ʦʪ ʝʜʥʦ ʙʠʦʛʘʟʦʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʝ 

ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʘʤʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʨʘʟʤʝʨʠ ʥʘ ʠʥʩʪʘʣʘʮʠʠʪʝ. 

ɺ ʛʦʣʷʤʘ ʯʘʩʪ ʧʨʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʨʦʫʯʚʘʥʠʷ ʥʘ ʧʦ-ʛʦʣʝʤʠ ʠʥʩʪʘʣʘʮʠʠ 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʪʝʥʜʝʥʮʠʷ ʥʘ ʧʲʨʚʦʥʘʯʘʣʝʥ ʩʧʘʜ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʜʦ ʦʧʨʝʜʝʣʝʥʘ ʪʦʯʢʘ, ʩʣʝʜ 

ʢʦʝʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʦʚʦ ʧʦʢʘʯʚʘʥʝ. ɺ ʤʦʤʝʥʪʘ, ʥʘʡ-ʠʢʦʥʦʤʠʯʝʩʢʠ 

ʠʟʛʦʜʥʠ ʩʘ ʪʝʟʠ ʠʥʩʪʘʣʘʮʠʠ, ʢʦʠʪʦ ʨʘʟʧʦʣʘʛʘʪ ʩ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ 

ʦʪ 300 ʜʦ 700 ʢɺʘʪ. ʄʘʣʢʠʪʝ ʠʥʩʪʘʣʘʮʠʠ (ʢʘʪʦ ʥʘʧʨ. ʪʝʟʠ ʚ ʟʝʤʝʜʝʣʩʢʠʪʝ 

ʩʪʦʧʘʥʩʪʚʘ) ʢʨʠʷʪ ʧʦ-ʤʘʣʲʢ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʨʠʩʢ (ʥʦ ʨʘʟʧʦʣʘʛʘʪ ʠ 

ʩ ʧʦ-ʤʘʣʢʘ ʧʝʯʘʣʙʘ), ʪʲʡ ʢʘʪʦ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʩʧʦʨʝʜ ʠʟʭʦʜʥʠʪʝ 

ʩʫʨʦʚʠʥʠ, ʩ ʢʦʠʪʦ ʨʘʟʧʦʣʘʛʘ ʦʧʝʨʘʪʦʨʘ ʥʘ ʮʝʥʪʨʘʣʘʪʘ.  

ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʢʦʣʢʦʪʦ ʧʦ-ʛʦʣʷʤʘ ʝ ʝʜʥʘ ʠʥʩʪʘʣʘʮʠʷ, 

ʪʦʣʢʦʚʘ ʧʦ-ʛʦʣʷʤ ʨʠʩʢ ʩʲʱʝʩʪʚʫʚʘ ʧʨʠ ʧʨʦʮʝʩʘ ñʩʥʘʙʜʷʚʘʥʝ 

ʩ ʙʠʦʤʘʩʘò. ɺʲʧʨʝʢʠ ʪʦʚʘ ʧʦʪʝʥʮʠʘʣʥʘʪʘ ʧʝʯʘʣʙʘ ʦʪ ʝʜʥʘ 

ʪʘʢʘʚʘ ʠʥʩʪʘʣʘʮʠʷ ʙʠ ʤʦʛʣʘ ʜʘ ʧʨʠʚʣʝʯʝ ʧʦʚʝʯʝ ʠʥʚʝʩʪʠʪʦʨʠ. 

- ʇʨʠ ʜʦʩʪʘʚʢʘ ʥʘ ʧʦʥʝ 80% ʦʪ ʥʫʞʥʘʪʘ ʙʠʦʤʘʩʘ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʘʪ ʧʦʜʧʠʩʘʥʠ ʜʲʣʛʦʩʨʦʯʥʠ ʜʦʛʦʚʦʨʠ, ʢʦʠʪʦ ʜʘ ʦʩʠʛʫʨʷʚʘʪ 

ʜʦʩʪʘʚʢʘʪʘ ʥʘ ʦʩʪʘʥʘʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʫʨʦʚʠʥʘ (ʚ ʩʣʫʯʘʡ 

ʯʝ ʦʧʝʨʘʪʦʨʲʪ ʥʝ ʨʘʟʧʦʣʘʛʘ ʩʲʩ ʩʦʙʩʪʚʝʥʠ ʨʝʩʫʨʩʠ); 

- ʆʙʱʠʷʪ ʧʦʪʝʥʮʠʘʣ ʙʠʦʤʘʩʘ ʚ ʟʝʤʝʜʝʣʩʢʠʪʝ ʩʪʦʧʘʥʩʪʚʘ ʠ 

ʚ ʨʝʛʠʦʥʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦʩʪʦʷʥʥʘ ʚʝʣʠʯʠʥʘ ʠ ʜʘ 

ʧʨʝʚʲʟʭʦʞʜʘ ʧʦ ʢʦʣʠʯʝʩʪʚʦ ʩʫʨʦʚʠʥʘʪʘ, ʢʦʷʪʦ ʱʝ ʙʲʜʝ 

ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ʩʲʛʣʘʩʥʦ ʬʘʢʪʦʨ 4. 

ɺ ʩʣʫʯʘʡ, ʯʝ ʠʟʭʦʜʥʠʪʝ ʩʫʨʦʚʠʥʠ ʱʝ ʩʝ ʜʦʩʪʘʚʷʪ ʦʪ 
ʙʦʨʩʘ ʟʘ ʦʪʧʘʜʲʮʠ ʠ/ʠʣʠ ʟʘ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ, 
ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʚʝ ʙʠʦʛʘʟʦʚʠ ʠʥʩʪʘʣʘʮʠʠ (ʠʣʠ 
ʙʠʦʛʘʟʦʚʠ ʧʨʦʝʢʪʠ) ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʘʡ-ʤʘʣʢʦ 30 ʢʤ. ɺ 
ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʥʝʤʠʥʫʝʤʦ ʱʝ ʩʝ ʩʪʠʛʥʝ ʜʦ ʪʲʨʛʦʚʩʢʠ 
ʢʦʥʬʣʠʢʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʧʨʦʮʝʩʘ ñʩʥʘʙʜʷʚʘʥʝ ʩ ʙʠʦʤʘʩʘò. 
ʆʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʚʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ  
ʂʦʣʠʯʝʩʪʚʦʪʦ ʚʪʦʨʠʯʥʘ ʙʠʦʤʘʩʘ ʟʘʚʠʩʠ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ 

ʦʪ ʚʠʜʘ ʩʫʨʦʚʠʥʘ, ʢʦʷʪʦ ʱʝ ʩʝ ʧʦʜʘʚʘ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʚʲʚ 
ʬʝʨʤʝʥʪʘʪʦʨʘ. ʇʦ-ʤʘʣʢʠʪʝ ʜʦʙʠʚʠ ʥʘ ʙʠʦʛʘʟ ʩʘ ʩʲʧʨʦʚʦʜʝʥʠ ʩ 
ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʰʣʘʤ. ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʝʥʦʩʪ ʧʨʠ 
ʧʨʦʮʝʩʘ ʥʘ ʧʨʝʚʨʲʱʘʥʝ ʥʘ ʩʫʭʘʪʘ ʦʨʛʘʥʠʯʥʘ ʤʘʩʘ ʚ ʙʠʦʛʘʟ ʝ 
ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʦʙʝʤʘ ʥʘ ʬʝʨʤʝʥʪʠʨʘʣʠʷ ʩʫʙʩʪʨʘʪ, ʢʘʪʦ ʟʘ 
ʩʤʝʪʢʘ ʥʘ ʪʦʚʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʥʝʛʦʚʦʪʦ ʩʧʝʮʠʬʠʯʥʦ ʪʝʛʣʦ. 
ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʪʦʨʠʯʥʘʪʘ, ʦʨʛʘʥʠʯʥʘ, 

ʙʠʦʤʘʩʘ ʢʘʪʦ ʧʦʯʚʝʥ ʧʦʜʦʙʨʠʪʝʣ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʠ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʦʯʚʝʥʦʪʦ ʧʣʦʜʦʨʦʜʠʝ [2, 5].  

ʂʘʪʦ ʮʷʣʦ, ʚʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ ʨʘʟʧʦʣʘʛʘ ʩ ʜʦʙʨʠ ʥʘʪʦʨʠʪʝʣʥʠ 

ʩʧʦʩʦʙʥʦʩʪʠ (ʚʠʩʦʢ ʚʠʩʢʦʟʠʪʝʪ, ʩʠʣʥʦ ʤʠʥʝʨʘʣʠʟʠʨʘʥʠ ʩʚʦʡʩʪʚʘ, 

ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ, ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʜʦʙʨʘ ʨʘʩʪʠʪʝʣʥʦ-

ʧʦʯʚʝʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ, ʣʠʧʩʘ ʥʘ ʥʝʧʨʠʷʪʥʘ ʤʠʨʠʟʤʘ, ʥʘʤʘʣʝʥʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʣʝʚʝʣʥʠ ʩʝʤʝʥʘ ʠ ʧʘʪʦʛʝʥʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ). 

ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʘʩʘʝʱʠ ʭʠʛʠʝʥʘʪʘ ʠʣʠ ʩʪʨʘʥʠʯʥʦ 

ʧʦʧʘʜʥʘʣʠʪʝ ʩʫʙʩʪʘʥʮʠʠ ʚ ʙʠʦʰʣʘʤʘ, ʧʨʦʠʟʭʦʞʜʘʱ ʦʪ ʞʠʚʦʪʠʥʩʢʠ 

ʝʢʩʢʨʝʤʝʥʪʠ, ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ ʠʣʠ ʜʨʫʛ ʚʠʜ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ 

ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ. ɺ ʩʣʫʯʘʡ ʦʙʘʯʝ, ʯʝ ʧʨʝʨʘʙʦʪʝʥʘʪʘ ʙʠʦʤʘʩʘ 

ʱʝ ʙʲʜʝ ʨʘʟʩʪʠʣʘʥʘ ʜʠʨʝʢʪʥʦ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʩʧʘʟʷʪ ʥʷʢʦʠ ʝʚʨʦʧʝʡʩʢʠ ʠ ʥʘʮʠʦʥʘʣʥʠ ʟʘʢʦʥʦʚʠ ʥʦʨʤʠ, ʦʪʥʦʩʥʦ 

ʩʲʜʲʨʞʘʱʠʪʝ ʩʝ ʚ ʥʝʷ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ (ʧʨʝʜʠʤʥʦ ʘʟʦʪ 

ʠ ʬʦʩʬʦʨ). ɺ ʧʦʚʝʯʝʪʦ ʝʚʨʦʧʝʡʩʢʠ ʜʲʨʞʘʚʠ ʜʦʧʫʩʪʠʤʦʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪ ʚ ʙʠʦʰʣʘʤ /ʚʪʦʨʠʯʥʠʪʝ ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ/ 

ʦʪ ʞʠʚʦʪʠʥʩʢʠ ʧʨʦʠʟʭʦʜ ʝ 170 ʢʛ/ʭʘ*. ʊʘʟʠ ʥʦʨʤʘ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʝ ʩʧʘʟʝʥʘ, ʚ ʩʣʫʯʘʡ ʯʝ ʦʨʛʘʥʠʯʥʠʷʪ ʪʦʨ ʱʝ ʩʝ ʚʥʘʩʷ 

ʜʠʨʝʢʪʥʦ ʚʲʨʭʫ ʧʦʯʚʝʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

ʉ ʮʝʣ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʧʦʯʚʝʥʠʷ ʙʘʣʘʥʩ ʠ ʩʲʦʙʨʘʟʥʦ 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʠʪʨʘʪʥʘʪʘ ʜʠʨʝʢʪʠʚʘ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʪʦʨʦʚʝ ʧʨʝʟ ʥʷʢʦʠ ʦʪ ʟʠʤʥʠʪʝ ʤʝʩʝʮʠ ʝ ʟʘʙʨʘʥʝʥʦ. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ, ʯʝ ʚʨʝʤʝʪʦ ʧʨʝʜʚʠʜʝʥʦ ʟʘ 

ʩʲʭʨʘʥʝʥʠʝ (ʢʦʝʪʦ ʝ ʥʘʡ-ʤʘʣʢʦ 6 ʤʝʩʝʮʘ), ʱʝ ʦʢʘʞʝ 

ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʪʦʨʦʚʝʪʝ (ʦʩʦʙʝʥʦ ʥʘ ʪʘʢʘ 

ʥʘʨʝʯʝʥʠʪʝ ʫʷʟʚʠʤʠ ʘʟʦʪʥʠ ʟʦʥʠ ʩ ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ). 
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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 C̄). 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. 
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COMPARATIVE ASSESSMENT OF SLUDGE FROM DIFFERENT PLACES OF TREATMENT IN 
WASTEWATER PLANT IN SOFIA REGARD TO THEIR USE IN AGRICULTURE 

/ 
ʉʈɸɺʅʀʊɽʃʅɸ Oʎɽʅʂɸ ʅɸ ʋʊɸʁʂʀʊɽ ʇʆʃʋʏɽʅʀ ʆʊ ʈɸɿʃʀʏʅʀ ʄɽʉʊɸ ʅɸ 
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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 sludgeôs accumulate in the area of stations 
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. 
 

 ɸʙʩʪʨʘʢʪ: ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ 
ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʠ 
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʣʦʜʦʨʦʜʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ 
ʥʘ ʚʣʦʰʝʥʠʷ ʙʘʣʘʥʩ ʥʘ ʦʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ ʚ ʧʦʯʚʘʪʘ, 
ʠʟʠʩʢʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʥʝʛʦʚʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʘ 
ʩʝ ʥʘʧʨʘʚʠ ʘʛʨʦ-ʝʢʦʣʦʛʠʯʥʘ ʦʮʝʥʢʘ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ 
ʤʫ. ʎʝʣʪʘ ʥʘ ʧʨʦʫʯʚʘʥʠʷʪʘ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʘʛʨʦ-ʭʠʤʠʯʥʠ 
ʠ ʭʠʤʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʨʛʘʥʠʯʥʠ 
ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʫʪʘʡʢʠ ʩ ʧʨʦʠʟʭʦʜ ʦʪ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ 
ʚʧʨʝʯʠʩʪʚʘʪʝʣʥʘʪʘ ʩʪʘʥʮʠʷ ʟʘ ʦʪʧʘʜʥʠ ʚʦʜʠ ʛʨ. ʉʦʬʠʷ . 
ʇʦʩʪʠʛʥʘʪʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ: 
- ʇʨʦʫʯʝʥʘʪʘ ʫʪʘʡʢʘ ʦʪ ʧʨʯʠʩʪʚʘʪʝʣʥʘʪʘ ʩʪʘʥʮʠʷ ʝ 
ʭʝʪʝʨʦʛʝʥʥʘ ʙʠʦʤʘʩʘ, ʙʦʛʘʪʘ ʥʘ ʦʨʛʘʥʠʯʥʠ ʚʝʱʝʩʪʚʘ 
ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʭʠʤʠʯʥʠ ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 
ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʦʜʭʨʘʥʚʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. ʀʤʘʪ ʙʦʛʘʪʦ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 
ʚ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʞʢʠ 
ʤʝʪʘʣʠ ʝ ʧʦʜ ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ; 

- ʆʨʛʘʥʠʯʥʠʪʝ ʚʝʱʝʩʪʚʘ ʩʘ ʩ ʚʠʩʦʢ ʙʠʦʣʦʛʠʯʝʥ 
ʧʦʪʝʥʮʠʘʣ, ʩʚʲʨʟʘʥʠ ʩ ʧʨʝʚʨʲʱʘʥʝʪʦ ʤʫ ʚ ʭʫʤʫʩ; 
ʉʲʦʪʥʦʰʝʥʠʝʪʦ ʚʲʛʣʝʨʦʜ ʢʲʤ ʘʟʦʪ ʧʦʢʘʟʚʘ 
ʛʦʣʷʤʘ ʭʝʪʝʨʦʛʝʥʥʦʩʪ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʫʪʘʡʢʘ ʠ 
ʩʧʦʤʘʛʘ ʟʘ ʧʨʦʮʝʩʪʝ ʥʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʭʫʤʫʩ; 

- ʆʨʛʘʥʠʯʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ ʚ ʫʪʘʡʢʘʪʘ ʦʪ ʣʝʥʪʦʚʘʪʘ 
ʬʠʣʪʲʨ ʧʨʝʩʘ ʩʘ ʧʦʜ ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, 
ʢʦʷʪʦ ʝ ʧʦʩʦʯʝʥʦ ʚ ʥʘʨʝʜʙʘʪʘ. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʇʨʝʯʠʩʪʚʘʪʝʣʥʘ ʩʪʘʥʮʠʷ ʟʘ 
ʦʪʧʘʜʥʠ ʚʦʜʠ, ʫʪʘʡʢʘ, ʪʦʨ 
 
ʋɺʆɼ 
ʇʨʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʠʥʪʝʥʟʠʚʥʘ ʭʠʤʠʟʘʮʠʷ ʝ ʥʘʨʫʰʝʥ 

ʙʘʣʘʥʩʲʪ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʚ ʧʦʯʚʠʪʝ ʠ ʩʘ ʚʣʦʰʝʥʠ 
ʭʠʤʠʯʥʠʪʝ ʠ ʬʠʟʠʯʥʠ ʠʤ ʩʚʦʡʩʪʚʘ. ɿʘ ʧʦʜʜʲʨʞʘʥʝ ʠ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʦʯʚʝʥʦʪʦ ʧʣʦʜʦʨʦʜʠʝ ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʜʘ ʩʝ ʚʥʘʩʷʪ ʧʝʨʠʦʜʠʯʥʦ ʦʨʛʘʥʠʯʥʠ ʪʦʨʦʚʝ. 
ɻʦʜʠʰʥʦ ʚ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʩʝ ʧʦʣʫʯʘʚʘ ʦʢʦʣʦ 20-24 

ʤʠʣʠʦʥʘ ʪʦʥʘ ʦʨʛʘʥʠʯʥʘ ʤʘʩʘ, ʢʦʝʪʦ ʝ ʥʝʜʦʩʪʘʪʲʯʥʦ ʜʘ ʧʦʢʨʠʝ 
ʧʦʪʨʝʙʥʦʩʪʠʪʝ ʥʘ ʧʦʯʚʠʪʝ ʦʪ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ. ʅʝʦʙʭʦʜʠʤʦ 
ʝ ʜʘ ʩʝ ʪʲʨʩʷʪ ʨʝʟʝʨʚʠ. ʊʘʢʲʚ ʨʝʟʝʨʚ ʩʘ ʫʪʘʡʢʠʪʝ, ʢʦʠʪʦ ʩʝ 
ʧʦʣʫʯʘʚʘʪ ʧʨʠ ʙʠʦʣʦʛʠʯʥʦʪʦ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʠ 
ʚʦʜʠ ʦʪ ʙʠʪʘ, ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ ʠ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ. 
ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʧʦʩʪʨʦʠʭʘ ʠ ʚʣʷʟʦʭʘ ʚ 

ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʦʚʝʯʝ ʦʪ 70 ʩʪʘʥʮʠʠ ʟʘ ʠʟʢʫʩʪʚʝʥʦ 
ʙʠʦʣʦʛʠʯʥʦ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʙʠʪʦʚʠ ʚʦʜʠ. ʇʨʠ ʙʠʦʣʦʛʠʯʥʦʪʦ 
ʧʨʝʯʠʩʪʚʘʥʝ ʩʝ ʧʦʣʫʯʘʚʘʪ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʫʪʘʡʢʠ, 
ʢʦʠʪʦ ʩʝ ʪʨʫʧʘʪ ʚ ʨʘʡʦʥʘ ʥʘ ʩʪʘʥʮʠʠʪʝ, ʟʘʪʨʫʜʥʷʚʘʪ 
ʪʷʭʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʠ ʟʘʤʲʨʩʷʚʘʪ ʧʨʠʨʦʜʥʘʪʘ ʩʨʝʜʘ. 
ɿʘ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʷʪ ʪʝʭʥʦʣʦʛʠʯʥʠ ʨʝʰʝʥʠʷ ʟʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ 

ʥʘ ʫʪʘʡʢʠʪʝ ʚ ʧʨʘʢʪʠʢʘʪʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ 
ʪʷʭʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʝ ʥʘʧʨʘʚʠ ʝʢʦʣʦʛʠʯʥʘ ʦʮʝʥʢʘ. 
ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʫʩʪʘʥʦʚʷʚʘʥʝ ʘʛʨʦʭʠʤʠʯʥʘʪʘ ʠ 

ʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʫʪʘʡʢʠʪʝ ʦʪ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ ʥʘ 
ʪʨʝʪʠʨʘʥʝ ʚ ʉʦʬʠʡʩʢʘʪʘ ʧʨʝʯʠʩʪʚʘʪʝʣʥʘ ʩʪʘʥʮʠʷ ʟʘ 
ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ, ʩ ʦʛʣʝʜ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ. 
 

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 

 ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʀ 
ʆʙʱʘʪʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ʩʭʝʤʘ ʥʘ ʝʜʥʘ ʛʨʘʜʩʢʘ 

ʧʨʝʯʠʩʪʚʘʪʝʣʥʘ ʩʪʘʥʮʠʷ ʟʘ ʩʤʝʩʝʥʠ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʝ 
ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʬʠʛ.1. ʊʷ ʚʢʣʶʯʚʘ: 
ʄʝʭʘʥʠʯʥʦ ʧʨʝʯʠʩʪʚʘʥʝ ʠʣʠ ʪʦʚʘ ʝ ʧʲʨʚʦʪʦ ʩʪʲʧʘʣʦ, 

ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʪʩʪʨʘʥʷʚʘʪ ʛʨʫʙʠʪʝ, ʝʜʨʠ ʟʘʤʲʨʩʠʪʝʣʠ ʦʪ 
ʚʦʜʘʪʘ ʠ ʥʝʨʘʟʪʚʦʨʝʥʠʪʝ ʚ ʥʝʷ ʯʘʩʪʠʮʠ.ʆʩʥʦʚʥʠʪʝ 
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production line is: grills, sand traps, primary settling tanks 
/ PU /. The effect of purifying water reaches up to 60 ÷ 
70%.  

Biological treatment or second step in the purification 
of waste water is based on the vital activity of aerobic 
microorganisms / bacteria flocks in suspended condition / 
dispersed, which mineralized and dissolved substances in 
the water. 

ʩʲʦʨʲʞʝʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʣʠʥʠʷ ʩʘ: ʨʝʰʝʪʢʠ, 
ʧʷʩʲʢʦʟʘʜʲʨʞʘʪʝʣʠ, ʧʲʨʚʠʯʥʠ ʫʪʘʠʪʝʣʠ /ʇʋ/. ɽʬʝʢʪʲʪ ʥʘ 
ʧʨʠʯʠʩʪʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʜʦʩʪʠʛʘ ʜʦ 60õ70 %. 
ɹʠʦʣʦʛʠʯʥʦʪʦ ʧʨʝʯʠʩʪʚʘʥʝ ʠʣʠ ʚʪʦʨʦʪʦ ʩʪʲʧʘʣʦ ʧʨʠ 

ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʙʠʪʦʚʠʪʝ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ 
ʞʠʟʥʝʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʘʝʨʦʙʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ /ʙʘʢʪʝʨʠʘʣʥʠ 
ʬʣʦʢʫʣʠ ʚ ʩʫʩʧʝʥʜʠʨʘʥʦ ʩʲʩʪʦʷʥʠʝ/, ʢʦʠʪʦ ʤʠʥʝʨʘʣʠʟʠʨʘʪ 
ʜʠʩʧʝʨʛʠʨʘʥʠʪʝ ʠ ʨʘʟʪʚʦʨʝʥʠ ʚʲʚ ʚʦʜʘʪʘ ʚʝʱʝʩʪʚʘ. 

 

 
Fig. 1 - Flow diagram of the WWTP / ʊʝʭʥʦʣʦʛʠʯʥʘ ʩʭʝʤʘ ʥʘ ɻʇʉʆɺ 

 

Technological line of biological treatment includes 
aeration tanks /AT / with depth up to 6 m, in which is 
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]: 

 ʊʝʭʥʦʣʦʛʠʯʥʘʪʘ ʣʠʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʥʦʪʦ ʧʨʝʯʠʩʪʚʘʥʝ 
ʚʢʣʶʯʚʘ: ʙʠʦʙʘʩʝʡʥʠ /ɹɹ/ ʩ ʜʲʣʙʦʯʠʥʘ ʜʦ 6 m, ʚ ʢʦʠʪʦ ʩʝ 
ʠʟʚʲʨʰʚʘ ʙʠʦʣʦʛʠʯʥʦ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʘʪʘ ʚʦʜʘ 
ʩ ʘʢʪʠʚʥʘ ʫʪʘʡʢʘ /ɸʋ/. ɺʪʦʨʠʯʥʠ ʨʘʜʠʘʣʥʠ ʫʪʘʠʪʝʣʠ /ɺʈʋ/, 
ʢʦʠʪʦ ʠʤʘʪ ʝʬʝʢʪ ʥʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʙʣʠʟʦ 70 %. 
ɽʜʥʘ ʯʘʩʪ ʦʪ ʘʢʪʠʚʥʘʪʘ ʫʪʘʡʢʘ, ʦʢʦʣʦ 50 % ʩʝ ʚʨʲʱʘ ʯʨʝʟ 
ʧʨʝʧʦʤʧʚʘʥʝ ʚ ʙʠʦʙʘʩʝʡʥʠʪʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ 
ʧʨʦʮʝʩʠ ʚ ʪʷʭ, ʘ ʠʟʣʠʰʥʘʪʘ ʘʢʪʠʚʥʘ ʫʪʘʡʢʘ ʩʝ ʦʪʜʝʣʷ ʟʘ 
ʫʧʲʪʥʷʚʘʥʝ ʚ ʫʪʘʡʢʦʫʧʣʲʪʥʠʪʝʣʠ, ʢʲʜʝʪʦ ʩʝ ʪʨʝʪʠʨʘ ʩ 
ʭʠʤʠʯʥʠ ʨʝʘʛʝʥʪʠ ʟʘ ʧʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʣʘʛʘʪʘ ʚ ʫʪʘʡʢʠʪʝ, 
ʤʝʭʘʥʠʯʥʦ ʦʙʝʟʚʦʜʥʷʚʘʥʝ ʩ ʬʠʣʪʲʨʧʨʝʩʠ ʠʣʠ ʮʝʥʪʨʦʬʫʛʠ 
ʠ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʠʟʩʫʰʠʪʝʣʥʠ ʧʦʣʝʪʘ. 
ʉʣʝʜ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʧʨʝʩʪʦʷʚʘʥʝ ʥʘ ʠʟʩʫʰʠʪʝʣʥʠ ʧʦʣʝʪʘ 

(12õ18 ʤʝʩʝʮʘ), ʫʪʘʡʢʠʪʝ ʩʘ ʦʙʝʟʟʘʨʘʟʝʥʠ ʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 
ʦʧʦʣʟʦʪʚʦʨʝʥʠ, ʘʢʦ ʦʪʛʦʚʘʨʷʪ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦʪʦ. 
ʋʪʘʡʢʠʪʝ, ʦʪʜʝʣʝʥʠ ʧʨʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʠʪʝ ʚʦʜʠ 

ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ, ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʧʘʪʦʛʝʥʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʠ 
ʦʛʨʘʥʠʯʘʚʘʥʝ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʥʝʧʨʠʷʪʥʠ ʤʠʨʠʟʤʠ. 
ʄʝʪʘʥʪʘʥʢʦʚʝʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʟʘʪʚʦʨʝʥʠ ʩʲʦʨʲʞʝʥʠʷ ʦʪ 

ʩʪʦʤʘʥʦʙʝʪʦʥ ʠʣʠ ʧʣʘʩʤʘʩʘ ʩ ʢʦʥʠʯʥʦ ʜʲʥʦ ʠ ʭʝʨʤʝʪʠʯʥʦ 
ʧʦʢʨʠʪʠʝ. ɺ ʪʷʭ ʩʝ ʠʟʚʲʨʰʚʘ ʘʥʘʝʨʦʙʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ 
ʠʟʣʠʰʥʠʪʝ ʘʢʪʠʚʥʠ ʫʪʘʡʢʠ ʠ ʪʝʟʠ ʦʪ ʧʲʨʚʠʯʥʠʪʝ ʫʪʘʠʪʝʣʠ.  
ʇʨʠ ʤʝʪʘʥʦʚʘʪʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʫʪʘʡʢʠʪʝ ʩʝ ʦʪʜʝʣʷʪ 

ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, ʤʝʪʘʥ, ʩʝʨʦʚʦʜʦʨʦʜ, ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ. 
ɺ ʛʨʘʜʩʢʠʪʝ ʧʨʝʯʠʩʪʚʘʪʝʣʥʠ ʩʪʘʥʮʠʠ ʟʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ 

ʩʝ ʧʦʣʫʯʘʚʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʫʪʘʡʢʠ. ʂʣʘʩʠʬʠʮʠʨʘʥʝʪʦ ʠʤ 
ʩʝ ʙʘʟʠʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʠʟʭʦʜʘ, ʢʘʯʝʩʪʚʘʪʘ ʠ 
ʩʚʦʡʩʪʚʘʪʘ, ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘʪ, ʦʪ ʧʨʠʝʪʠʷ ʤʝʪʦʜ ʥʘ 
ʪʨʝʪʠʨʘʥʝ ʠ ʤʝʩʪʘʪʘ ʥʘ ʪʷʭʥʦʪʦ ʦʪʜʝʣʷʥʝ [10, 11]. 
ɺʟʝʪʠ ʩʘ ʟʘ ʘʥʘʣʠʟ ʝ ʦʮʝʥʢʘ ʧʲʨʚʠʯʥʠ ʫʪʘʡʢʠ ʦʪ ʧʲʨʚʠʯʥʠʪʝ 

ʫʪʘʡʪʝʣʠ, ʚʪʦʨʠʯʥʘ ʫʪʘʡʢʘ ʦʪ ʚʪʦʨʠʯʥʠʪʝ ʫʪʘʠʪʝʣʠ, ʩʤʝʩʝʥʘ 
ʫʪʘʡʢʘ ʦʙʝʟʚʦʜʥʝʥʘ ʥʘ ʣʝʥʪʦʚʠʪʝ ʬʠʣʪʲʨʧʨʝʩʠ, ʩʤʝʩʝʥʘ 
ʫʪʘʡʢʘ ʦʪ ʣʝʥʪʦʚʠʪʝ ʬʠʣʪʲʨʧʨʝʩʠ- ʧʨʝʩʪʦʷʣʘ, ʫʪʘʡʢʘ ʥʘ 
ʚʭʦʜʘ ʥʘ ʤʝʪʘʥʪʘʥʢʘ ʠ ʫʪʘʡʢʘ ʧʨʝʩʪʷʣʘ ʧʦʚʝʯʝ ʦʪ 1 
ʛʦʜʠʥʘ. ʋʪʘʡʢʠʪʝ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ ʟʘ ʩʲʜʲʨʞʘʥʠʝ ʥʘ 
ʦʩʥʦʚʥʠʪʝ ʤʘʢʨʦ ʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ, ʪʝʞʢʠ ʤʝʪʘʣʠ, 
ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʠ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʥʠ 
ʟʘʤʲʨʩʠʪʝʣʠ, ʩʲʛʣʘʩʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʘʨʝʜʙʘʪʘ ʟʘ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ.  
ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟ [2]. 
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- Determination of the reaction of the medium / pH / Ƅ 
BS EN 12176:2000; 

- Determination of dry residue and water content Ƅ BS 
EN 12880:2003; 

- Determination of total organic carbon Ƅ BS EN 
13137:2005; 

- Determination of total nitrogen Ƅ BS ISO 11261:2002; 
- Determination of mineral nitrogen forms: ammonium / 

NH4 +-N / and nitrate / NO3 - N / N Ƅ BS ISO 
14255:2002; 

- Definition of mobile forms of phosphorus / P / Ƅ BS 
ISO 11263:2002; 

- Determination of rolling potassium / K / Ƅ 
determination is carried out by methods of M.Milcheva 
used in ISSAPP "N.Pushkarov."; 

- Determination of the solubility of sulfur / S / as 
sulphate / SO4 / Ƅ VM-1: 2007; 

- Determination of total phosphorus content / P / 
potassium / K / calcium / Ca / Magnesium / Mg /, 
heavy metals Ƅ cadmium / Cd / chrome / Cr / nickel / 
Ni /, copper / Cu / Zn / Zn /, Pb / Pb / mercury / Hg / 
arsenic and / AS / Ƅ BS EN-13346: 2000, VM-1: 2007; 

- Determination of persistent organic compounds / POPs /; 
- Determination of polycyclic aromatic hydrocarbons / 

PAB / Ƅ BS ISO 17993:2003; 
- Determination of polychlorinated biphenyls / PCBS / Ƅ 

BS ISO / CDIS 10382:2002; 
Detection and identification of microbiological 

indicators: 
- Disputes sulfitredutsirashti anaerobes Ƅ BS EN 

26461-2:2004; 
- E. coli and coli-forms bacteria Ƅ BS EN ISO 9308-1:2004. 
 
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 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʨʝʘʢʮʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ /pH/ Ƅ ɹɼʉ 
EN 12176:2000; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʩʫʭ ʦʩʪʘʪʲʢ ʠ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʦʜʘ 
Ƅ ɹɼʉ ɽN 12880:2003; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʦʙʱ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ Ƅ ɹɼʉ 
EN 13137:2005; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʦʙʱ ʘʟʦʪ Ƅ ɹɼʉ ISO 11261:2002; 
- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʤʠʥʝʨʘʣʥʠ ʘʟʦʪʥʠ ʬʦʨʤʠ: 

ʘʤʦʥʠʝʚ /NH4+-N/ ʠ ʥʠʪʨʘʪʝʥ /NO3--N/ ʘʟʦʪ Ƅ ɹɼʉ 
ISO 14255:2002; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʜʚʠʞʥʠ ʬʦʨʤʠ ʥʘ ʬʦʩʬʦʨ /P/ Ƅ 
ɹɼʉ ISO 11263:2002. 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʜʚʠʞʝʥ ʢʘʣʠʡ /K/ Ƅ ʆʧʨʝʜʝʣʷʥʝʪʦ 
ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʤʝʪʦʜʠʢʘ ʥʘ ʄ.ʄʠʣʯʝʚʘ, ʢʦʷʪʦ ʩʝ 
ʠʟʧʦʣʟʚʘ ʚ ʀʇɸɿʈǌʅ.ʇʫʰʢʘʨʦʚǌ; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʦʜʦʨʘʟʪʚʦʨʠʤʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ 
ʩʷʨʘ /S/ ʢʘʪʦ ʩʫʣʬʘʪ /SO4/ Ƅ ɺʄ-1:2007; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʦʙʱʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʬʦʩʬʦʨ 
/ʈ/, ʢʘʣʠʡ /ʂ/, ʢʘʣʮʠʡ /ʉʘ/, ʤʘʛʥʝʟʠʡ /Mg/, ʪʝʞʢʠ 
ʤʝʪʘʣʠ Ƅ ʢʘʜʤʠʡ /ʉd/, ʭʨʦʤ /ʉr/, ʥʠʢʝʣ /Ni/, ʤʝʜ 
/ʉu/, ʮʠʥʢ /Zn/, ʦʣʦʚʦ /ʈb/, ʞʠʚʘʢ /ʅg/ ʠ ʘʨʩʝʥ /ɸs/ 
Ƅ ɹɼʉ ɽN-13346:2000, ɺʄ-1:2007; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʫʩʪʦʡʯʠʚʠ ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ /ʈʆʈS/; 
- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʣʠʮʠʢʣʠʯʥʠ ʘʨʦʤʘʪʥʠ 

ʚʲʛʣʝʚʦʜʦʨʦʜʠ /PAB/ Ƅ ɹɼʉ ISO 17993:2003; 
- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʣʠʭʣʦʨʠʨʘʥʠ ʙʠʬʝʥʠʣʠ /PCBS/ 

Ƅ ɹɼʉ ISO/CDIS 10382:2002; 
ʆʪʢʨʠʚʘʥʝ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ 

ʧʦʢʘʟʘʪʝʣʠ:  
- ʉʧʦʨʦʚʠ ʠ ʩʫʣʬʠʪʨʝʜʫʮʠʨʘʱʠ ʘʥʘʝʨʦʙʠ Ƅ ɹɼʉ 

EN 26461-2:2004; 
- ɽ. coli ʠ coli-ʬʦʨʤʥʠ ʙʘʢʪʝʨʠʠ Ƅ ɹɼʉ EN ISO 9308-1:2004. 
 
ʈɽɿʋʃʊɸʊʀ ʀ ʆɹʉʒɾɼɸʅɽ 

ɺ ʫʪʘʡʢʠʪʝ ʩʝ ʩʲʜʲʨʞʘʪ ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʝʩʪʚʘ 
ʚʝʱʝʩʪʚʘ ʦʪ ʦʨʛʘʥʠʯʝʥ ʠ ʤʠʥʝʨʘʣʝʥ ʧʨʦʠʟʭʦʜ. ʊʝ ʩʝ 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʧʨʦʤʝʥʣʠʚ ʩʲʩʪʘʚ, ʢʦʡʪʦ ʩʝ ʠʟʤʝʥʷ 
ʚ ʧʨʦʮʝʩʘ ʥʘ ʪʷʭʥʦʪʦ ʪʨʝʪʠʨʘʥʝ /4/. 
ʍʠʤʠʯʥʠʷʪ ʩʲʩʪʘʚ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʦʙʝʟʚʦʜʥʠʪʝʣʥʠʪʝ 

ʢʘʯʝʩʪʚʘ ʥʘ ʫʪʘʡʢʠʪʝ, ʧʨʦʮʝʩʠʪʝ ʥʘ ʙʠʦʣʦʛʠʯʥʦʪʦ ʠʤ 
ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʠ ʪʷʭʥʦʪʦ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʟʘ ʥʫʞʜʠʪʝ ʥʘ 
ʟʝʤʝʜʝʣʠʝʪʦ ʠ ʧʨʠ ʨʝʢʫʣʪʠʚʘʮʠʷ ʥʘ ʥʘʨʫʰʝʥʠ ʪʝʨʝʥʠ. 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ 

ʫʪʘʡʢʠʪʝ ʦʪ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ ʥʘ ʪʨʝʪʠʨʘʥʝ ʫʩʪʘʥʦʚʷʚʘʪ, 
ʯʝ ʦʪʯʝʪʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʩʘ ʧʦʜ ʇɼʂ, ʩʲʛʣʘʩʥʦ 
ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʘʨʝʜʙʘʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ 
ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ ʨʟʝʤʝʜʝʣʠʝʪʦ (ʪʘʙʣ. 1). ʅʘʡ-
ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʫʪʘʡʢʠʪʝ ʥʘ ʚʭʦʜʘ 
ʥʘ ʤʝʪʘʥʪʘʥʢʘ, ʚʝʨʦʷʪʥʦ ʧʦʨʘʜʠ ʩʤʝʩʚʘʥʝ ʥʘ ʜʚʘʪʘ 
ʧʦʪʦʢʘ ʧʲʨʚʠʯʥʘ ʠ ʚʪʦʨʠʯʥʘ ʫʪʘʡʢʘ. 
ʅʘʣʠʯʠʝʪʦ ʥʘ ʧʦʚʠʰʝʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʪʝʞʢʠʪʝ ʤʝʪʘʣʠ 

ʢʘʜʤʠʡ, ʤʝʜ, ʥʠʢʝʣ, ʦʣʦʚʦ, ʮʠʥʢ, ʭʨʦʤ, ʞʠʚʘʢ ʠ ʘʨʩʝʥ ʤʦʛʘʪ 
ʜʘ ʟʘʪʨʫʜʥʷʪ ʠʣʠ ʧʨʝʫʩʪʘʥʦʚʷʪ ʙʠʦʣʦʛʠʯʥʠʪʝ ʧʨʦʮʝʩʠ 
ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʠ ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ ʥʘ 
ʫʪʘʡʢʠʪʝ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʟʘ ʟʝʤʝʜʝʣʩʢʠ ʮʝʣʠ, 
ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʤʦʛʘʪ ʜʘ ʥʘʨʫʰʘʪ ʠ ʟʘʙʘʚʷʪ ʧʨʦʮʝʩʠʪʝ ʥʘ 
ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʦʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ, ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 
ʠ ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʟʘ ʨʘʩʪʝʥʠʷʪʘ ʝʣʝʤʝʥʪʠ. 
ʇʦʩʪʲʧʚʘʥʝʪʦ ʥʘ ʢʘʜʤʠʡ ʚ ʦʨʛʘʥʠʟʤʘ ʥʘ ʙʦʟʘʡʥʠʮʠʪʝ ʠ 
ʯʦʚʝʢʘ /ʦʩʥʦʚʥʦ ʚ ʤʝʢʠʪʝ ʦʨʛʘʥʠ ʠ ʩʪʦʤʘʭʘ/, ʩʝ ʦʧʨʝʜʝʣʷ 
ʢʘʪʦ ʦʩʦʙʝʥʦ ʦʧʘʩʥʦ, ʪʲʡ ʢʘʪʦ ʠʤʘ ʧʝʨʠʦʜ ʥʘ ʧʦʣʫʠʟʚʣʠʯʘʥʝ 
ʦʪ ʦʨʛʘʥʠʟʤʘ 20õ30 ʛʦʜʠʥʠ [5]. 
ɺʥʘʩʷʥʝʪʦ ʥʘ ʫʪʘʡʢʠ ʩ ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ 

ʧʦʯʚʠʪʝ ʥʝ ʙʠʚʘ ʜʘ ʩʝ ʜʦʧʫʩʢʘ, ʪʲʡ ʢʘʪʦ ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʪʨʫʧʘʪ ʚ ʨʘʩʪʝʥʠʷʪʘ ʠ ʜʘ 
ʩʝ ʧʨʝʜʚʠʞʘʪ ʧʦ ʭʨʘʥʠʪʝʣʥʘʪʘ ʚʝʨʠʛʘ, ʜʘ ʧʦʩʪʲʧʷʪ ʚ ʦʨʛʘʥʠʟʤʘ 
ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʘ, ʩʲʟʜʘʚʘʡʢʠ ʦʧʘʩʥʦʩʪ ʟʘ ʪʷʭʥʦʪʦ ʟʜʨʘʚʝ. 
ʄʠʥʝʨʘʣʝʥ ʩʲʩʪʘʚ ʥʘ ʫʪʘʡʢʠʪʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 

ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʝʣʝʤʝʥʪʠ, ʥʘʤʠʨʘʱʠ ʩʝ ʛʣʘʚʥʦ 
ʚʲʚ ʚʠʜ ʥʘ ʩʦʣʠ ʠ ʡʦʥʥʠ ʬʦʨʤʠ ʥʘ ʭʠʜʨʦʢʩʠʜʠ ʠ ʦʢʩʠʜʠ. 
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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) 

ɻʣʘʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ ʟʘ ʨʘʩʪʝʥʠʷʪʘ ʩʘ ʘʟʦʪ, 
ʬʦʩʬʦʨ, ʢʘʣʠʡ, ʤʘʛʥʝʟʠʡ, ʢʘʣʮʠʡ, ʩʷʨʘ [2]. 
ʅʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʦʩʥʦʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʟʘ ʨʘʩʪʝʥʠʷʪʘ 

ʝʣʝʤʝʥʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʥʘʡ-ʚʠʩʦʢʦ ʩʲʜʲʨʞʥʠʝ ʥʘ ʦʙʱ ʘʟʦʪ 
ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʚʪʦʨʠʯʥʠʪʝ ʫʪʘʡʢʠ ʠ ʪʝʟʠ ʥʘ ʚʭʦʜʘ ʥʘ 
ʤʝʪʘʥʪʘʥʢʘ /4,81% ʠ 4,93%/. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱ ʘʟʦʪ  ʝ 
ʥʘʡ-ʤʘʣʢʦ ʚ ʧʲʨʚʠʯʥʠʪʝ ʫʪʘʡʢʠ /0,50%/ ʠ ʧʨʝʩʪʦʷʣʘʪʘ 
ʧʦʚʝʯʝ ʦʪ 1 ʛʦʜʠʥʘ ʫʪʘʡʢʘ /0,79%/. ʇʦʜʦʙʥʠ ʩʘ ʠ ʨʝʟʫʣʪʘʪʠʪʝ 
ʟʘ ʦʙʱʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ. ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ 
ʜʲʣʞʠ ʥʘ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʧʨʠ ʪʷʭʥʦʪʦ ʦʙʣʨʘʟʫʚʘʥʝ 
ʚ ʧʨʝʯʠʩʪʚʘʪʝʣʥʘʪʘ ʩʪʘʥʮʠʷ ʠ ʥʘ ʘʪʤʦʩʬʝʨʥʠ ʟʘʛʫʙʠ ʧʨʝʟ 
ʧʝʨʠʦʜʘ ʥʘ ʩʲʭʨʘʥʝʥʠʝ. ʈʝʘʢʮʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ ʝ 
ʥʝʫʪʨʘʣʥʘ ʜʦ ʩʣʘʙʦ ʢʠʩʝʣʘ ʧʨʠ ʧʲʨʚʠʯʥʘʪʘ ʫʪʘʡʢʘ. 
ʇʨʠ ʪʨʝʪʠʨʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʩ ʮʝʣ ʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʠʤ, 

ʩʝ ʧʨʦʤʝʥʷ ʭʠʤʠʯʥʠʷ ʩʲʩʪʘʚ ʠ ʥʘʡ-ʯʝʩʪʦ ʥʘʤʘʣʷʚʘ 
ʪʷʭʥʘʪʘ ʥʘʪʦʨʠʪʝʣʥʘ ʩʪʦʡʥʦʩʪ [4]. 
ʆʪ ʟʥʘʯʝʥʠʝ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʩʘ ʭʠʤʠʯʥʠʪʝ 

ʬʦʨʤʠ ʥʘ ʘʟʦʪʘ. ʊʝ ʩʝ ʜʝʬʠʥʠʨʘʪ ʥʘ ʦʨʛʘʥʠʯʥʠ ʠ 
ʤʠʥʝʨʘʣʥʠ. ʇʦʜ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʭʠʤʠʯʥʠ ʧʨʦʮʝʩʠ, ʦʨʛʘʥʠʯʥʠʷʪ 
ʘʟʦʪ ʚ ʫʪʘʡʢʠʪʝ ʯʘʩʪʠʯʥʦ ʧʨʝʤʠʥʘʚʘ ʚ ʫʩʚʦʠʤʘʪʘ ʟʘ ʨʘʩʪʝʥʠʷʪʘ 
ʤʠʥʝʨʘʣʥʘ ʬʦʨʤʘ. ʄʠʥʝʨʘʣʥʠʷʪ ʘʟʦʪ ʚ ʫʪʘʡʢʠʪʝ ʝ ʦʢʦʣʦ 1 
% ʦʪ ʦʙʱʠʷ. ʋʩʚʦʠʤʠʪʝ ʟʘ ʨʘʩʪʝʥʠʷʪʘ ʬʦʨʤʠ ʥʘ ʘʟʦʪʘ ʩʘ 
ʘʤʦʥʠʝʚʠʪʝ (NH4+) ʠ ʥʠʪʨʘʪʥʠ (NO3-) ʩʦʣʠ. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 
ʥʠʪʨʘʪʥʠʷ ʘʟʦʪ /NO3-N/ ʚ ʫʪʘʡʢʠʪʝ ʝ ʥʠʩʢʘ ʠ ʥʝ ʝ ʦʧʨʝʜʝʣʷʱʘ 
ʧʨʠ ʮʝʣʠʪʝ ʩʚʲʨʟʘʥʠ ʩ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ. 
ɸʤʦʥʠʝʚʠʷʪ ʘʟʦʪ /NH4+-N/ ʚʲʚ ʚʪʦʨʠʯʥʘʪʘ ʫʪʘʡʢʘ ʠ ʧʨʠ 
ʫʪʘʡʢʘʪʘ ʥʘ ʚʭʦʜʘ ʥʘ ʤʝʪʘʥʪʘʥʢʘ. ʩʘ ʩ ʥʘʡ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ 
ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʤʫ ʥʘʤʘʣʷʚʘ ʧʨʠ ʧʨʝʩʪʦʷ ʥʘ ʫʪʘʡʢʠʪʝ ʥʘ 
ʠʟʩʫʰʠʪʝʣʥʠ ʧʦʣʝʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ 
ʥʘ ʠʟʩʫʰʘʚʘʥʝ, ʘʤʦʥʠʝʚʠʷʪ ʘʟʦʪ ʜʦʩʪʠʛʘ ʩʪʦʡʥʦʩʪʠ ʧʦ-ʤʘʣʢʠ 
ʦʪ ʝʜʠʥʠʮʘ [7]. ʅʘʧʨʘʚʝʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʩ 
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʪʦ ʚʝʱʝʩʪʚʦ, 
ʥʘʤʘʣʷʚʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʘʤʦʥʠʝʚ ʘʟʦʪ ʚ ʫʪʘʡʢʠʪʝ. 
ʇʨʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʟʘ ʥʫʞʜʠʪʝ ʥʘ 

ʟʝʤʝʜʝʣʠʝʪʦ, ʧʨʠ ʦʪʩʲʩʪʚʠʝ ʥʘ ʜʨʫʛʠ ʦʛʨʘʥʠʯʠʪʝʣʠ, ʥʘʡ-ʚʝʯʝ 
ʥʘʣʠʯʠʝ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʜ ʧʨʝʜʝʣʥʦ 
ʜʦʧʫʩʪʠʤʠʪʝ /ʇɼʂ/ ʠ ʧʘʪʦʛʝʥʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʥʦʨʤʘʪʘ ʥʘ 
ʪʦʨʝʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʦʙʱʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ ʚ ʫʪʘʡʢʠʪʝ. 
ɺ ʫʪʘʡʢʠʪʝ ʦʢʦʣʦ ʜʚʝ ʪʨʝʪʠ (2/3) ʦʪ ʬʦʩʬʦʨʘ ʩʝ ʥʘʤʠʨʘ ʚ 

ʦʨʛʘʥʠʯʥʘ ʬʦʨʤʘ, ʢʘʪʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʤʫ ʝ ʧʦʜʣʦʞʝʥʦ ʥʘ 
ʢʦʣʝʙʘʥʠʷ ʠ ʠʤʘ ʨʘʟʣʠʯʥʘ ʜʦʩʪʲʧʥʦʩʪ ʟʘ ʨʘʩʪʝʥʠʷʪʘ [4]. 
ʆʙʠʢʥʦʚʝʥʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱ ʬʦʩʬʦʨ ʝ ʤʝʞʜʫ 1õ2 

ʜʦ 4 % ʦʪ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʪʦ ʚʝʱʝʩʪʚʦ ʚ ʫʪʘʡʢʠʪʝ ʠ ʩʝ ʚʣʠʷʝ 
ʦʪ ʧʨʦʮʝʩʘ ʥʘ ʠʟʩʫʰʘʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ. ɺʲʚ ʚʪʦʨʠʯʥʠʪʝ 
ʫʪʘʡʢʠ ʠ ʪʝʟʠ ʥʘ ʚʭʦʜʘ ʥʘ ʤʝʪʘʥʪʘʥʢʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʦʙʱ ʬʦʩʬʦʨ ʝ ʥʘʡ-ʚʠʩʦʢʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ 
ʫʪʘʡʢʠ. ɺ ʫʪʘʡʢʦʚʠʪʝ ʩʫʩʧʝʥʟʠʠ ʦʪ ʢʘʣʦʫʧʣʲʪʥʠʪʝʣʠʪʝ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʦʙʱ ʬʦʩʬʦʨ ʥʘʤʘʣʷʚʘ ʩ ʠʟʩʫʰʘʚʘʥʝ ʠ 
ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʥʘ ʠʟʩʫʰʠʪʝʣʥʠ ʧʦʣʝʪʘ [4, 5]. 
ʇʨʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʟʘ ʥʫʞʜʠʪʝ ʥʘ 

ʟʝʤʝʜʝʣʠʝʪʦ, ʚ ʛʦʜʠʥʘʪʘ ʥʘ ʚʥʘʩʷʥʝ ʚ ʧʦʯʚʘʪʘ, 
ʫʩʚʦʠʤʠʷʪ ʦʪ ʨʘʩʪʝʥʠʷʪʘ ʬʦʩʬʦʨ (P) ʝ ʜʦ 50 % ʦʪ 
ʦʙʱʦʪʦ ʤʫ ʩʲʜʲʨʞʘʥʠʝ ʚ ʫʪʘʡʢʘʪʘ ʠ ʥʝ ʟʘʚʠʩʠ ʦʪ ʠʟʭʦʜʘ 
ʥʘ ʥʝʡʥʦʪʦ ʦʙʨʘʟʫʚʘʥʝ [5].  
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʢʘʣʠʡ (K) ʝ ʤʥʦʛʦ ʥʠʩʢʦ - ʧʦʜ 1 %, 

ʥʘʡ-ʯʝʩʪʦ ʦʢʦʣʦ 0,2 % ʦʪ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʪʦ ʚʝʱʝʩʪʚʦ ʚ 
ʫʪʘʡʢʠʪʝ. ʅʠʩʢʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʢʘʣʠʡ ʩʘ ʩʚʲʨʟʘʥʠ ʩ 
ʧʦʚʠʰʝʥʘʪʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ ʢʘʣʠʝʚʠʪʝ ʩʦʣʠ, ʢʦʠʪʦ ʧʨʠ 
ʪʨʝʪʠʨʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʦʩʪʘʚʘʪ ʚ ʦʪʜʝʣʷʱʠʪʝ ʩʝ ʚʦʜʠ. 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʤʘʛʥʝʟʠʡ ʝ ʦʢʦʣʦ 1 ʜʦ 3 % ʦʪ ʘʙʩʦʣʶʪʥʦ 

ʩʫʭʦʪʦ ʚʝʱʝʩʪʚʦ ʚ ʫʪʘʡʢʠʪʝ ʠ ʩʝ ʫʩʚʦʷʚʘ ʣʝʩʥʦ ʦʪ ʨʘʩʪʝʥʠʷʪʘ, 
ʘʢʦ ʫʪʘʡʢʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʪʦʨʥʦ ʩʨʝʜʩʪʚʦ ʚ 
ʟʝʤʝʜʝʣʠʝʪʦ [7]. ʀʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʧʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ 
ʫʪʘʡʢʠ ʫʩʪʘʥʦʚʷʚʘʪ ʥʘʡ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʤʘʛʥʝʟʠʠ 
ʦʪʥʦʚʦ ʧʨʠ ʫʪʘʡʢʠʪʝ ʥʘ ʚʭʦʜʘ ʥʘ ʤʝʪʘʥʪʘʥʢʘ.  
ʋʪʘʡʢʠʪʝ ʧʦʣʫʯʝʥʠ ʧʨʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʠʪʝ ʚʦʜʠ 

ʩʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʙʦʛʘʪʝʥʠ ʩ ʢʘʣʮʠʡ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʧʨʠʣʘʛʘʥʝ 
ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʪʷʭʥʦʪʦ ʪʨʝʪʠʨʘʥʝ, ʧʨʠ ʧʨʦʮʝʩʠʪʝ ʥʘ 
ʫʧʣʲʪʥʷʚʘʥʝ, ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ, ʤʝʭʘʥʠʯʥʦ ʦʙʝʟʚʦʜʥʷʚʘʥʝ ʠ 
ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ, ʢʲʤ ʫʪʘʝʯʥʘʪʘ ʩʫʩʧʝʥʟʠʷ, ʩʝ ʜʦʙʘʚʷʪ 
ʨʝʘʛʝʥʪʠ ʚʲʚ ʚʠʜ ʥʘ ʚʘʨ - ʢʘʣʮʠʝʚ ʭʠʜʨʦʢʩʠʜ /Ca(OH)2, ʪ.ʥ. 
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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 

ʛʘʩʝʥʘ ʚʘʨ/ʠ ʢʘʣʮʠʝʚ ʦʢʩʠʜ /CaO, ʪ.ʥ. ʥʝʛʘʩʝʥʘ ʚʘʨ/. 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʢʘʣʮʠʡ, ʦʙʠʢʥʦʚʝʥʦ ʝ ʥʘʡ-ʚʠʩʦʢʦ ʚ 

ʫʪʘʡʢʠʪʝ ʦʪ ʬʠʣʪʲʨʧʨʝʩʠʪʝ, ʩʣʝʜʚʘʥʦ ʦʪ ʫʪʘʡʢʦʚʠʪʝ ʩʫʩʧʝʥʟʠʠ 
ʦʪ ʢʘʣʦʫʧʣʲʪʥʠʪʝʣʠʪʝ ʠ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘ ʧʨʠ ʧʨʝʩʪʦʷʚʘʥʝ 
ʥʘ ʫʪʘʡʢʠʪʝ ʥʘ ʠʟʩʫʰʠʪʝʣʥʠ ʧʦʣʝʪʘ, ʢʘʪʦ ʥʘʡ-ʥʠʩʢʦ ʝ ʩʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʢʘʣʮʠʡ ʚ ʧʨʝʩʪʦʷʣʘʪʘ 12 ʤʝʩʝʮʘ ʫʪʘʡʢʘ [3, 4]. 
ʅʘʰʠʛʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʝ ʧʦʪʚʲʨʞʜʘʚʘʪ ʪʦʚʘ 

ʩʪʘʥʦʚʠʱʝ, ʢʘʪʦ ʥʘʡ-ʥʠʩʢʦ ʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʢʘʣʠʡ ʚ 
ʧʨʝʩʪʦʷʣʘʪʘ ʧʦʚʝʯʝ ʦʪ 1 ʛʦʜʠʥʘ ʫʪʘʡʢʘ. 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱʘ ʩʷʨʘ (S) [22] ʚ ʦʙʝʟʚʦʜʥʝʥʘ 

ʠ ʠʟʩʫʰʝʥʘ ʫʪʘʡʢʘ ʝ ʦʢʦʣʦ 2 % ʦʪ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʪʦ 
ʚʝʱʝʩʪʚʦ, ʦʪ ʢʦʠʪʦ ʤʝʞʜʫ 1 ʜʦ 27 % ʩʘ ʚ ʥʝʦʨʛʘʥʠʯʥʘ 
ʬʦʨʤʘ, ʚʲʚ ʚʠʜ ʥʘ ʩʫʣʬʘʪ (SO4) ʠ ʧʦ-ʨʷʜʢʦ ʢʘʪʦ 
ʩʫʣʬʠʜ (S2-). ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʥʘʩ ʩʪʦʡʥʦʩʪʠ ʟʘ 
ʩʫʣʬʘʪʥʘ ʩʷʨʘ ʥʝ ʩʘ ʚʲʚ ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
ɺ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʨʘʩʪʝʥʠʷʪʘ ʚ ʫʪʘʡʢʠʪʝ ʩʘ 
ʤʠʢʨʦʝʣʝʤʝʥʪʠʪʝ: ʤʝʜ, ʤʘʥʛʘʥ, ʮʠʥʢ, ʩʝʣʝʥ, ʙʦʨ, 
ʤʦʣʠʙʜʝʥ ʠ ʜʨʫʛʠ.  
ʊʦʢʩʠʯʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʤʘʥʛʘʥʘ ʩʝ ʧʨʦʷʚʷʚʘ ʧʨʠ ʚʠʩʦʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʥʘ ʤʝʜʪʘ ʠ ʮʠʥʢʘ ʧʨʝʜʠ ʜʦʩʪʠʛʘʥʝ ʥʘ 
ʦʧʘʩʥʠʪʝ ʟʘ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʘʪʦ ʧʦ-
ʯʫʩʪʚʠʪʝʣʥʠ ʩʘ ʟʝʣʝʥʯʫʢʦʚʠʪʝ ʢʫʣʪʫʨʠ, ʘ ʩ ʧʦ-ʜʦʙʨʘ 
ʫʩʪʦʡʯʠʚʦʩʪ ʪʨʝʚʥʠʪʝ ʚʠʜʦʚʝ. ʊʝ ʧʨʠʯʠʥʷʚʘʪ ʭʣʦʨʦʟʘ ʠ 
ʩʠʣʥʦ ʧʦʜʪʠʩʢʘʪ ʨʘʩʪʝʞʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. 
ʄʠʢʨʦʝʣʝʤʝʥʪʠʪʝ ʤʦʣʠʙʜʝʥ, ʢʦʙʘʣʪ ʠ ʩʝʣʝʥ ʨʷʜʢʦ ʩʝ 

ʥʘʪʨʫʧʚʘʪ ʚ ʪʦʢʩʠʯʝʥ ʧʦʨʷʜʲʢ ʚ ʫʪʘʡʢʠʪʝ, ʧʦʣʫʯʝʥʠ ʧʨʠ 
ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʙʠʪʦʚʠ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ. 
ɺ ʫʪʘʡʢʠʪʝ ʩʝ ʩʲʜʲʨʞʘʪ ʪʦʢʩʠʯʥʠ ʝʣʝʤʝʥʪʠ, ʢʘʪʦ ʢʘʜʤʠʡ, 

ʦʣʦʚʦ, ʞʠʚʘʢ ʠ ʘʨʩʝʥ, ʦʪ ʢʦʠʪʦ ʨʘʩʪʝʥʠʷʪʘ ʥʝ ʩʝ ʥʫʞʜʘʷʪ. 
ʊʝʟʠ ʝʣʝʤʝʥʪʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ʤʦʛʘʪ ʜʘ ʩʝ 
ʥʘʪʨʫʧʘʪ ʚ ʨʘʩʪʝʥʠʷʪʘ, ʜʘ ʩʝ ʧʨʝʥʝʩʘʪ ʠ ʘʢʫʤʫʣʠʨʘʪ ʧʦ 
ʪʨʦʬʠʯʥʠʪʝ ʚʝʨʠʛʠ ʠ ʩʲʟʜʘʚʘʪ ʨʠʩʢ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ 
ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʘ. ʊʦʚʘ ʩʠʣʥʦ ʣʠʤʠʪʠʨʘ ʠʟʧʦʣʟʚʘʥʝʪʦ 
ʥʘ ʫʪʘʡʢʠʪʝ ʟʘ ʮʝʣʠʪʝ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ [1, 4]. ʂʘʢʪʦ 
ʩʧʦʤʝʥʘʭʤʝ ʧʦ-ʛʦʨʝ, ʠʟʩʣʝʜʚʘʥʠʪʝ ʪʝʞʢʠ ʤʝʪʘʣʠ ʧʨʠ ʧʦʩʦʯʝʥʠʪʝ 
ʚ ʪʘʙʣ. 1 ʫʪʘʡʢʠ ʩʘ ʧʦʜ ʇɼʂ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʦʧʘʩʥʦʩʪ 
ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʚ ʧʨʘʢʪʠʢʘʪʘ. 
ʆʨʛʘʥʦ-ʭʠʤʠʯʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʩʘ ʚʝʱʝʩʪʘ, ʢʦʠʪʦ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʜ ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʠʪʝ / ʇɼʂ / ʩʘ 
ʦʧʘʩʥʠ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʘ. ʊʦʚʘ ʩʘ 
ʭʣʦʨʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ, ʧʦʣʠʭʣʦʨʠʨʘʥʠ ʙʠʬʝʥʠʣʠ, 
ʧʦʣʠʮʠʢʣʠʯʥʠ ʘʨʦʤʘʪʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ, ʥʝʬʪʝʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ, 
ʬʝʥʦʣʠ ʠ ʜʨʫʛʠ. ʍʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩʝ ʩ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʦʩʪ. 
ʇʦʚʝʯʝʪʦ ʩʘ ʤʘʣʢʦ ʠʣʠ ʥʝʨʘʟʪʚʦʨʠʤʠ ʚʲʚ ʚʦʜʘ ʩʲʝʜʠʥʝʥʠʷ. 
ʅʷʢʦʠ ʦʪ ʪʷʭ, ʢʘʪʦ ʬʝʥʦʣʠʪʝ ʠʤʘʪ ʥʘʨʢʦʪʠʯʥʦ, ʥʝʨʚʥʦʪʨʦʧʥʦ 
ʜʝʡʩʪʚʠʝ. ʅʝʬʪʝʥʠʪʝ ʚʲʛʣʝʚʦʜʦʨʦʜʠ ʩʘ ʩ ʨʘʟʣʠʯʥʘ 
ʙʠʦʘʢʫʤʫʣʘʮʠʷ ʚ ʞʠʚʠʷ ʦʨʛʘʥʠʟʲʤ. ʅʠʩʢʦ ʤʦʣʝʢʫʣʥʠʪʝ 
(ʣʝʢʠ) ʬʨʘʢʮʠʠ ʠʤʘʪ ʛʦʣʷʤʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʠ ʧʨʦʥʠʢʚʘʪ ʚ 
ʦʨʛʘʥʠʟʤʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ ʥʠʚʦ, ʪʝ ʩʘ ʩʠʣʥʦ-ʪʦʢʩʠʯʥʠ. 
ʆʪ ʚʠʩʦʢʦ ʤʦʣʝʢʫʣʥʠʪʝ ʬʨʘʢʮʠʠ ʧʦ-ʪʦʢʩʠʯʥʠ ʩʘ ʘʨʦʤʘʪʥʠʪʝ 
ʥʝʬʪʝʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ, ʪʝ ʩʘ ʚʦʜʦʥʝʨʘʟʪʚʦʨʠʤʠ, ʩ 
ʚʠʩʦʢʘ ʣʠʧʦʬʠʣʥʦʩʪ /ʨʘʟʪʚʘʨʷʪ ʩʝ ʚ ʤʘʟʥʠʥʠ ʠ ʤʘʩʥʠʪʝ 
ʪʲʢʘʥʠ ʚ ʦʨʛʘʥʠʟʤʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʘ/ ʠ ʩʝ ʧʨʝʜʘʚʘʪ 
ʧʦ ʭʨʘʥʠʪʝʣʥʘʪʘ ʚʝʨʠʛʘ [11]. 
ʆʨʛʘʥʠʯʥʠʷʪ ʩʲʩʪʘʚ ʥʘ ʫʪʘʡʢʠʪʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 

ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʅʘʨʝʜ ʩ ʙʠʪʦʚʘʪʘ ʦʨʛʘʥʠʢʘ, 
ʧʨʝʤʠʥʘʣʘ ʚ ʦʪʧʘʜʲʯʥʠʪʝ ʚʦʜʠ, ʚ ʪʦʟʠ ʩʲʩʪʘʚ, ʤʘʢʘʨ ʠ ʩ 
ʤʘʣʲʢ ʪʝʛʣʦʚʝʥ ʜʷʣ, ʫʯʘʩʪʚʫʚʘʪ ʠ ʦʨʛʘʥʦʭʠʤʠʯʥʠ 
ʩʲʝʜʠʥʝʥʠʷ. ʇʦʩʣʝʜʥʠʪʝ, ʧʦʚʝʯʝʪʦ ʦʪ ʢʦʠʪʦ ʪʦʢʩʠʯʥʠ, ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ ʟʘʤʲʨʩʠʪʝʣʠ. ʊʷʭʥʘʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚ 
ʫʪʘʡʢʠʪʝ ʩʨʝʱʘ ʨʝʜʠʮʘ ʪʨʫʜʥʦʩʪʠ (ʪʘʙʣ. 2). 
ʇʦʥʷʢʦʛʘ ʚ ʫʪʘʡʢʠʪʝ ʧʨʠʩʲʩʪʚʘʪ ʫʩʪʦʡʯʠʚʠ ʦʨʛʘʥʠʯʥʠ 

ʟʘʤʲʨʩʠʪʝʣʠ /POPS/ ʚ ʢʦʣʠʯʝʩʪʚʘ ʥʘʜ ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʠʪʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ /ʇɼʂ/, ʥʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷʪʘ ʠʤ ʝ ʟʘʪʨʫʜʥʝʥʘ 
ʧʦʨʘʜʠ ʥʠʩʢʠʷ ʧʨʘʛ ʥʘ ʦʪʢʨʠʚʘʝʤʦʩʪ ʠ ʥʘʣʠʯʥʘʪʘ ʟʘ 
ʮʝʣʪʘ ʘʧʘʨʘʪʫʨʘ. ʊʦʚʘ ʩʘ ʭʣʦʨ-ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ, 
ʧʦʣʠʭʣʦʨʠʨʘʥʠ ʙʠʬʝʥʠʣʠ /PCBS/ ʠ ʧʦʣʠʮʠʢʣʠʯʥʠ ʘʨʦʤʘʪʥʠ 
ʚʲʛʣʝʚʦʜʦʨʦʜʠ /PAB/. ʊʝ ʩʘ ʣʠʧʦʬʠʣʥʠ ʠ ʩʠʣʥʦ ʪʦʢʩʠʯʥʠ 
ʚʝʱʝʩʪʚʘ, ʥʘʪʨʫʧʚʘʪ ʩʝ ʚ ʤʘʩʥʘʪʘ ʠ ʩʲʝʜʠʥʠʪʝʣʥʘʪʘ ʪʲʢʘʥ 
ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʞʠʚʦʪʥʠʪʝ, ʧʨʝʜʘʚʘʪ ʩʝ ʧʦ ʭʨʘʥʠʪʝʨʥʘʪʘ 
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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 values 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. 
Organic carbon (C) Ƅ in the organic matter contained 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 different sludgeôs 
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 that sludgeôs having suitable agrochemical 
properties. They can be used as fertilizer source to enrich 
the soil with organic matter. The content of heavy metals in 

ʚʝʨʠʛʘ ʠ ʯʦʚʝʢʲʪ ʛʠ ʧʦʝʤʘ ʚ ʢʦʥʮʝʥʪʨʠʨʘʥʦ ʢʦʣʠʯʝʩʪʚʦ. 
ʍʘʨʘʢʪʝʨʥʦ ʟʘ ʭʣʦʨʩʲʜʲʨʞʘʱʠʪʝ ʫʩʪʦʡʯʠʚʠ ʦʨʛʘʥʠʯʥʠ 
ʩʲʝʜʠʥʝʥʠʷ ʝ, ʯʝ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʚʨʝʤʝ ʚ 
ʧʦʯʚʘʪʘ ʠ ʤʦʛʘʪ ʜʘ ʧʦʧʘʜʥʘʪ ʚ ʭʨʘʥʠʪʝʣʥʘʪʘ ʧʨʦʜʫʢʮʠʷ. 
ʊʝ ʩʝ ʥʘʪʨʫʧʚʘʪ ʚ ʦʨʛʘʥʠʟʤʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʘ, ʥʦ ʥʝ 
ʩʝ ʨʘʟʛʨʘʞʜʘʪ, ʝʜʠʥʩʪʚʝʥʠʷʪ ʥʘʯʠʥ ʜʘ ʩʝ ʦʪʜʝʣʷʪ ʦʪ ʥʝʛʦ 
ʝ ʯʨʝʟ ʤʘʡʯʠʥʘʪʘ ʢʲʨʤʘ. ʀʤʘʪ ʟʘʙʘʚʝʥʦ ʢʘʥʮʝʨʦʛʝʥʥʦ ʠ 
ʤʫʪʘʛʝʥʥʦ ʜʝʡʩʪʚʠʝ [9]. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʥʠʷʪʘ ʥʘ 
ʦʨʛʘʥʠʯʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʦʪ ʫʪʘʡʢʠ ʩʣʝʜ ʣʝʥʪʦʚʠʪʝ ʬʠʣʪʲʨʧʨʝʩʠ 
ʠ ʧʦʢʘʟʚʘʪ ʯʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʦʨʣʠʘʨʦʤʘʪʥʠʪʝ ʚʲʛʣʝʚʦʜʨʦʜʠ ʠ 
ʧʦʣʠʭʣʦʨʠʨʘʥʠʪʝ ʙʠʬʥʠʣʠ ʩʘ ʧʦʜ ʇɼʂ (ʊʘʙʣ 2). 
ʇʦʧʘʜʥʘʣʠ ʚ ʧʦʯʚʘʪʘ, ʦʨʛʘʥʦ-ʭʠʤʠʯʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʩʝ 

ʘʜʩʦʨʙʠʨʘʪ ʦʪ ʪʚʲʨʜʘʪʘ ʬʘʟʘ ʥʘ ʯʘʩʪʠʮʠʪʝ ʚ ʧʦʯʚʝʥʠʷ 
ʨʘʟʪʚʦʨ. ɸʜʩʦʨʙʠʨʘʥʠʪʝ ʤʦʣʝʢʫʣʠ ʥʘʧʫʩʢʘʪ ʧʦʚʲʨʭʥʦʩʪʪʘ 
ʤʠʥʝʨʘʣʥʠʪʝ (ʛʣʠʥʠ) ʠ ʦʨʛʘʥʠʯʥʠ (ʭʫʤʫʩʥʠ ʚʝʱʝʩʪʚʘ) ʢʦʣʦʠʜʥʠ 
ʯʘʩʪʠʮʠ ʠ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʚ ʧʦʯʚʝʥʘʪʘ ʩʨʝʜʘ /ʧʨʦʪʠʯʘ ʧʨʦʮʝʩ 
ʥʘ ʜʝʩʦʨʙʮʠʷ ʠ ʜʠʬʫʟʠʷ ʚ ʧʦʯʚʘʪʘ/, ʠʟʚʲʨʰʚʘ ʩʝ ʦʙʤʝʥ 
ʤʝʞʜʫ ʡʦʥʠʪʝ ʠ ʦʨʛʘʥʦ-ʭʠʤʠʯʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʧʨʝʪʲʨʧʷʚʘʪ 
ʭʠʤʠʯʥʠ ʠ ʙʠʦʭʠʤʠʯʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʠ 
ʫʩʣʦʚʠʷ ʥʘ ʩʨʝʜʘʪʘ /ʚʣʘʞʥʦʩʪ, ʥʘʣʠʯʠʝ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, 
ʩʲʩʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ/, ʙʠʦʭʠʤʠʯʥʠʪʝ ʧʨʦʮʝʩʠ 
ʥʘ ʨʘʟʣʘʛʘʥʝ ʧʨʦʪʠʯʘʪ ʧʦ-ʠʥʪʝʥʟʠʚʥʦ, ʠʟʚʲʨʰʚʘ ʩʝ 
ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʚʝʱʝʩʪʚʘʪʘ ʠ ʤʠʥʝʨʘʣʠʟʠʨʘʥʝ 
ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʩʫʙʩʪʘʥʮʠʠ ʚ ʧʦʯʚʝʥʠʷ ʨʘʟʪʚʦʨ. 
ʏʘʩʪ ʦʪ ʦʨʛʘʥʦ-ʭʠʤʠʯʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʤʦʛʘʪ ʜʘ ʤʠʛʨʠʨʘʪ 

ʚ ʜʲʣʙʦʯʠʥʘ ʥʘ ʧʦʯʚʝʥʠʷ ʧʨʦʬʠʣ ʠʣʠ ʜʘ ʩʝ ʥʘʪʨʫʧʘʪ ʥʘ 
ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ ʪʚʲʨʜʘʪʘ ʬʘʟʘ ʥʘ ʯʘʩʪʠʮʠʪʝ ʠ ʧʦʯʚʝʥʠʷ 
ʨʘʟʪʚʦʨ ʠ ʩʝ ʠʟʥʝʩʘʪ ʩ ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʦʪʪʦʢ ʚ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ [5]. ɼʨʫʛʘ ʯʘʩʪ ʦʪ ʪʷʭ ʤʦʛʘʪ ʜʘ ʩʝ ʚʲʨʥʘʪ ʚ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ: ʩʢʦʨʦʩʪ ʥʘ 
ʚʷʪʲʨʘ /ʧʨʦʮʝʩʠ ʥʘ ʠʟʜʫʭʚʘʥʝ/, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʠ 
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ /ʧʨʦʮʝʩʠ ʥʘ ʠʟʧʘʨʝʥʠʝ/, ʧʨʠ ʢʦʝʪʦ 
ʤʦʛʘʪ ʜʘ ʚʣʷʟʘʪ ʚ ʨʘʟʣʠʯʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʜʨʫʛʠ 
ʚʝʱʝʩʪʚʘ, ʧʨʠʩʲʩʪʚʘʱʠ ʚ ʩʲʱʘʪʘ ʩʨʝʜʘ ʠ ʜʘ ʧʨʝʤʠʥʘʪ ʚ 
ʙʝʟʦʧʘʩʥʠ ʠʣʠ ʜʘ ʦʙʨʘʟʫʚʘʪ ʜʨʫʛʠ ʦʧʘʩʥʠ ʚʝʱʝʩʪʚʘ [3]. 
ʆʙʱʦʪʦ ʦʨʛʘʥʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʫʪʘʡʢʠʪʝ ʩʝ 

ʠʟʨʘʟʷʚʘ ʚ ʧʨʦʮʝʥʪʠ ʦʪ ʤʘʩʘʪʘ ʥʘ ʦʙʱʠʷ ʩʫʭ ʦʩʪʘʪʲʢ 
ʥʘ ʫʪʘʡʢʠʪʝ ʠ ʝ ʦʩʥʦʚʥʘ ʪʷʭʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  
ʆʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ (C) Ƅ ɺ ʦʨʛʘʥʠʯʥʠʪʝ ʚʝʱʝʩʪʚʘ, ʩʲʜʲʨʞʘʱʠ 

ʩʝ ʚ ʫʪʘʡʢʠʪʝ, ʧʨʝʦʙʣʘʜʘʚʘʱ ʝʣʝʤʝʥʪ ʝ ʚʲʛʣʝʨʦʜʲʪ (C). ɺʲʚ 
ʚʲʛʣʝʭʠʜʨʘʪʠʪʝ ʪʦʡ ʝ 40õ45 %, ʚ ʤʘʟʥʠʥʠʪʝ ï 70õ75 %. ɺ 
ʙʝʣʪʲʯʠʥʠʪʝ ʚʲʛʣʝʨʦʜʲʪ (C) ʝ ʤʝʞʜʫ 40õ55 %, ʘ ʦʨʛʘʥʠʯʥʠʷʪ 
ʘʟʦʪ (N) ʢʲʤ 15õ18 %. ɺ ʧʲʨʚʠʯʥʠʪʝ ʫʪʘʡʢʠ ʙʝʣʪʲʯʠʥʠʪʝ ʩʘ 
ʦʢʦʣʦ 25 %, ʜʦʢʘʪʦ ʚ ʠʟʣʠʰʥʠʪʝ ʘʢʪʠʚʥʠ ʫʪʘʡʢʠ /ʀɸʋ/ ʩʝ 
ʩʲʜʲʨʞʘʪ ʜʦ 50 % ʙʝʣʪʲʯʠʥʠ, ʜʦ 20 % ʤʘʟʥʠʥʠ ʠ ʜʦ 8 % 
ʚʲʛʣʝʭʠʜʨʘʪʠ. ɺ ʧʨʝʩʥʠʪʝ ʫʪʘʡʢʠ, ʧʦʣʫʯʝʥʠ ʧʨʠ ʧʨʝʯʠʩʪʚʘʥʝ 
ʥʘ ʙʠʪʦʚʠ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ, ʦʙʱʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʥʠ 
ʚʝʱʝʩʪʚʘ ʝ ʨʘʟʣʠʯʥʦ. ɺ ʧʲʨʚʠʯʥʠʪʝ ʫʪʘʡʢʠ ʪʦ ʝ ʦʢʦʣʦ 55õ65 
%, ʚʲʚ ʚʪʦʨʠʯʥʠʪʝ, ʦʢʦʣʦ 65õ75 % ʠ ʧʨʠ ʩʤʝʩʝʥʠʪʝ ʫʪʘʡʢʠ 
ʦʢʦʣʦ 60õ70 % [10]. ʇʨʠ ʧʨʝʩʪʦʷ ʥʘ ʫʪʘʡʢʠʪʝ ʥʘ ʠʟʩʫʰʠʪʝʣʥʠ 
ʧʦʣʝʪʘ, ʧʨʦʪʠʯʘʪ ʧʨʦʮʝʩʠ ʥʘ ʙʠʦʭʠʤʠʯʥʦ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ 
ʦʨʛʘʥʠʢʘʪʘ ʠ ʧʨʠ ʩʪʘʙʠʣʠʟʠʨʘʥʠʪʝ ʫʪʘʡʢʠ ʦʙʱʦʪʦ ʦʨʛʘʥʠʯʥʦ 
ʩʲʜʲʨʞʘʥʠʝ ʚ ʪʷʭ ʥʘʤʘʣʷʚʘ [11]. ʅʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʦʨʛʘʥʠʯʝʥ 
ʚʲʛʣʝʨʦʜ ʧʦʢʘʟʚʘʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʠ ʩʪʦʡʥʦʩʪʠ ʩ ʠʟʢʣʶʯʝʥʠʝ 
ʥʘ ʩʤʝʩʝʥʠʪʝ ʫʪʘʡʢʠ ʠ ʧʨʝʩʪʦʷʣʠʪʝ ʧʦʚʝʯʝ ʦʪ 1 ʛʦʜʠʥʘ. 
ɺ ʦʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ ʩʝ ʩʲʜʲʨʞʘ ʦʩʥʦʚʥʘʪʘ 

ʯʘʩʪ ʦʪ ʘʟʦʪʘ ʚ ʫʪʘʡʢʘʪʘ. ɿʘ ʜʘ ʙʲʜʝ ʫʩʚʦʝʥ ʦʪ 
ʨʘʩʪʝʥʠʷʪʘ ʦʨʛʘʥʠʯʥʠʷʪ ʘʟʦʪ ʪʨʷʙʚʘ ʜʘ ʧʨʝʤʠʥʝ ʚ 
ʤʠʥʝʨʘʣʥʘ ʬʦʨʤʘ ʚʲʚ ʚʠʜ ʥʘ ʥʠʪʨʘʪʥʠ /NO3-/, 
ʥʠʪʨʠʪʥʠ /NO2-/ ʠ ʘʤʦʥʠʝʚʠ /NH4+/ ʡʦʥʠ. 
ʄʠʥʝʨʘʣʠʟʘʮʠʷʪʘ ʝ ʧʨʦʮʝʩ, ʯʨʝʟ ʢʦʡʪʦ ʦʨʛʘʥʠʯʥʠʷʪ 
ʘʟʦʪ ʚ ʫʪʘʡʢʘʪʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʚ ʤʠʥʝʨʘʣʝʥ. ʊʷ 
ʧʨʦʪʠʯʘ ʚ ʜʚʝ ʬʘʟʠ ï ʘʤʦʥʠʬʠʢʘʮʠʷ ʠ ʥʠʪʨʠʬʠʢʘʮʠʷ. 
ɺ ʊʘʙʣ 1 ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ ʚ ʨʘʟʣʠʯʥʠʪʝ 

ʫʪʘʡʢʠ ʚʘʨʠʨʘ ʦʪ 0,90 ʜʦ 66,96%. ʉʤʝʩʝʥʠʪʝ ʫʪʘʡʢʠ, ʦʙʝʟʚʦʜʥʝʥʠʪʝ 
ʥʘ ʣʝʥʪʦʚʠʪʝ ʬʠʣʪʲʨʧʨʝʩʠ, ʧʨʝʩʪʦʷʣʠʪʝ ʩʤʝʩʝʥʠ ʫʪʘʡʢʠ ʦʪ 
ʬʠʣʪʲʨʧʨʝʩʠʪʝ ʠ ʧʨʝʩʪʦʷʣʘʪʘ ʧʦʚʝʯʝ ʦʪ 1 ʛʦʜʠʥʘ ʫʪʘʡʢʘ ʩʘ ʩ 
ʧʦ-ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ. ʊʦʚʘ ʛʠ ʦʧʨʝʜʝʣʷ 
ʢʘʪʦ ʙʠʦʤʘʩʘ, ʢʦʷʪʦ ʝ ʛʦʜʥʘ ʟʘ ʠʟʚʦʟʚʘʥʝ ʠ ʨʘʟʧʨʲʩʢʚʘʥʝ ʩ 
ʤʦʙʠʣʝʥ ʪʨʘʥʩʧʦʨʪ. ʆʩʪʘʥʘʣʠʪʝ ʫʪʘʡʢʠ ʠʤʘʪ ʪʝʯʥʘ ʢʦʥʩʠʩʪʝʥʮʠʷ 
ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʦʟʚʘʪ ʠ ʨʘʟʧʨʲʩʢʚʘʪ ʩ ʮʠʩʪʝʨʥʠ, ʘʢʦ 
ʦʪʛʦʚʘʨʷʪ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦʪʦ. ʉʪʦʡʥʦʩʪʠʪʝ 
ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʟʘ ʨʘʩʪʝʥʠʷʪʘ ʤʘʢʨʦʝʣʝʤʝʥʪʠ ʘʟʦʪ, ʬʦʩʬʦʨ ʠ 
ʢʘʣʠʡ ʧʦʢʘʟʚʘʪ, ʯʝ ʫʪʘʡʢʠʪʝ ʠʤʘʪ ʧʦʜʭʦʜʷʱʠ ʘʛʨʦʭʠʤʠʯʥʠ 
ʩʚʦʡʩʪʚʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʫʚʘʪ ʢʘʪʦ ʪʦʨʦʚʠ ʩʨʝʜʩʪʚʘ ʠ 
ʠʟʪʦʯʥʠʮʠ ʟʘ ʦʙʦʛʘʪʷʚʘʥʝ ʥʘ ʧʦʯʚʠʪʝ ʩ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ. 
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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. 

ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ ʪʷʭ ʝ ʧʦʜ ʧʦʩʦʯʝʥʠʪʝ ʚ 
ʅʘʨʝʜʙʘʪʘ ʟʘ ʠʟʧʦʣʟʫʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʚ ʟʝʤʝʜʝʣʠʝʪʦ ʇɼʂ, 
ʪ.ʝ. ʥʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʫʪʘʡʢʠʪʝ. 

 
Table 1 / ʊʘʙʣʠʮʘ 1 

Chemical and Agrochemical characterization of sludge from SCWWTS from different locations of treatment / ʍʠʤʠʯʥʘ ʠ 
ʘʛʨʦʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʫʪʘʡʢʠ ʦʪ ʉɻʇʉʆɺ ʦʪ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ ʥʘ ʪʨʝʪʠʨʘʥʝ 

 

Indicators / 
ʀʥʜʠʢʘʪʦʨʠ 

Primary 
sludge / 
ʲʨʚʠʯʥʘ 
ʫʪʘʡʢʘ 

Secondary 
sludge / 
ɺʪʦʨʠʯʥʘ 
ʫʪʘʡʢʘ 

Mixed sludge, 
dewatered in filter 
presses / ʉʤʝʩʝʥʘ 
ʜʝʭʠʜʨʘʪʠʨʘʥʘ 
ʫʪʘʡʢʘ ʦʪ ʧʨʝʩʘ 

Stayed 
sludge / 
ʇʨʝʩʪʦʷʣʘ 
ʫʪʘʡʢʘ 

Sludge at the 
entrance of the 
methane tank / 
ʋʪʘʡʢʘ ʦʪ 
ʠʟʭʦʜʘ ʥʘ 
ʤʝʪʘʥ ʪʘʥʢ 

Sludge stayed 
more then1 

year / ʒʪʘʡʢʘ 
ʧʨʝʩʪʦʷʣʘ 
ʧʦʚʝʯʝ ʦʪ 1 
ʛʦʜʠʥʘ 

Dry matter / 
ʉʫʭʘ ʤʘʪʝʨʠʷ  4.90 / 4,90 0.90 / 0,90 41.81 / 41,81 56.46 / 56,46 2.96 / 2,96 66.96 / 66,96 

pH /ʅ20 5.53 / 5,53 7.52 / 7,52 7.66 / 7,66 6.63 / 6,63 7.22 / 7,22 7.34 / 7,34 
Organic carbon / 
ʆʨʛʘʥʠʯʝʥ ʉ [%] 28.61 / 28,61 25.37 / 25,37 28.08 / 28,08 14.5 / 14,5 30.59 / 30,59 5.63 / 5,63 

Total nitrogen / ʆʙʱ 
ʘʟʦʪ [%] 0.50 / 0,50 4.81 / 4,81 2.7 / 2,70 1.14 / 1,14 4.93 / 4,93 0.79 / 0,79 

N-NH3% 2352 2419 582 <50 6707 50 

N-NO3% <50 184 <50 1100 <50 291 

Total ʈ / ʆʙʱ ʈ [%] 19517 41276 8606 17202 51364 3733 

Total ʂ / ʆʙ  ɦK [%] 5037 9955 1359 2840 9338 1772 

Mobil. ʈ / ʄʦʙʠʣʝʥ P [%] 0.11 / 0,11 2 0.08 / 0,08 0.17 / 0,17 0.31 / 0,31 0.02 / 0,02 

Mobil.ʂ / ʄʦʙʠʣʝʥ K [%] 0.17 / 0,17 0.94 / 0,94 0.10 / 0,10 0.08 / 0,08 0.37 / 0,37 0.05 / 0,05 
ʉʘ [%] 49913 25869 17648 43685 92433 42379 
Mg [%] 11202 10387 3146 7670 20199 10001 
S-SO4% 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 461 
As [mg/kg] 13 <5 <5 8 <5 <5 
Hg [mg/kg] <1 <1 <1 <1 <1 <1 

 
Table 2 / ʊʘʙʣʠʮʘ 2 

Content of POPs in sediments from band filterpresses in mg / kg dry matter polycyclic aromatic hydrocarbons / ʉʲʜʲʨʞʘʥʠʝ 
ʥʘ ʫʩʪʦʡʯʠʚʠ ʦʨʛʘʥʠʯʥʠ ʟʘʤʲʨʩʠʪʝʣʠ  ʚ ʫʪʘʡʢʠ ʦʪ ʣʝʥʪʦʚʠʪʝ ʬʠʣʪʲʨʧʨʝʩʠ ʚ ʤʛ/ʢʛ ʩʫʭʦ ʚʝʱʝʩʪʚʦ, 

ʧʦʣʠʮʠʢʣʠʯʥʠ ʘʨʦʤʘʪʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ 
 

INDICATORS/ ʀʥʜʠʢʘʪʦʨ I Sample / ʇʲʨʚʘ ʧʨʦʙʘ II Sample / ɺʪʦʨʘ ʧʨʦʙʘ 
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 / ʇʦʣʠʭʣʦʨʠʨʘʥʠ ʙʠʬʝʥʠʣʠ [PCBs] 

 

Indicators / Iʥʜʠʢʘʪʦʨ I Sample / ʇʲʨʚʘ ʧʨʦʙʘ II Sample / ɺʪʦʨʘ ʧʨʦʙʘ 
ʈʉɺ 28  0,005 / 0,005 <0.003 / <0,003 
ʈʉɺ 52 0.027 / 0,027 0.014 / 0,014 
ʈʉɺ 101 0.005 / 0,005 0.004 / 0,004 
ʈʉɺ 105 0.003 / 0,003 <0.003 / <0,003 
ʈʉɺ 118 0.007 / 0,007 0.004 / 0,004 
ʈʉɺ 138 0.004 / 0,004 0.01 / 0,01 
ʈʉɺ 153 0.007 / 0,007 <0.003 / <0,003 
ʈʉɺ 156 <0.002 / <0,002 <0.003 / <0,003 
ʈʉɺ 180 <0.002 / <0,002 <0.003 / <0,003 
MAC 1 1 

 

Data on the chemical structure and carcinogenic 
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 

 ɼʘʥʥʠʪʝ ʟʘ ʭʠʤʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʢʘʥʮʝʨʦʛʝʥʝʥ ʧʦʪʝʥʮʠʘʣ 
ʥʘ ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʛʨʫʧʘʪʘ ʥʘ ʧʦʣʠʘʨʦʤʘʪʥʠʪʝ 
ʚʲʛʣʝʚʦʜʦʨʦʜʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʪʝ ʩʘ ʧʦʜ ʇɼʂ, ʧʦʩʦʯʝʥʠ ʚ 
ʅʘʨʝʜʙʘʪʘ ʟʘ ʫʪʘʡʢʠ. ʊʦʚʘ ʩʝ ʦʪʥʘʩʷ ʠ ʟʘ ʧʦʣʠʭʣʦʨʥʠʪʝ 



INTERNATIONAL SYMPOSIUM
   

 

 

84 

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 sludgeôs from different locations of 
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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ʙʠʬʝʥʠʣʠ /ɼɼʊ/. ʀʟʪʦʯʥʠʮʠʪʝ, ʢʦʠʪʦ ʠʤʠʪʠʨʘʪ ʧʦʣʠʘʨʦʤʘʪʥʠʪʝ 
ʚʲʛʣʝʚʦʜʦʨʦʜʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ 
ʘʥʪʨʦʧʦʛʝʥʥʠ (ʩʪʘʮʠʦʥʘʨʥʠ ʠ ʤʦʙʠʣʥʠ) ʠ ʧʨʠʨʦʜʥʠ. 
ʉʪʘʮʠʦʥʘʨʥʠ ʩʘ ʚʩʷʢʘ ʩʛʨʘʜʘ, ʬʘʙʨʠʢʘ, ʦʙʦʨʫʜʚʘʥʝ, ʠʥʩʪʘʣʘʮʠʷ, 
ʢʦʠʪʦ ʦʪʜʝʣʷʪ ʝʜʠʥ ʠʣʠ ʥʷʢʦʣʢʦ ʫʩʪʦʡʯʠʚʠ ʦʨʛʘʥʠʯʥʠ 
ʟʘʤʲʨʩʠʪʝʣʠ, ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ ʚ ʘʪʤʦʩʬʝʨʘʪʘ. 
ʄʦʙʠʣʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʩʘ ʤʦʪʦʨʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ, 
ʢʦʠʪʦ ʠʟʧʦʣʟʫʚʘʪ ʙʝʥʟʠʥ ʠʣʠ ʜʠʟʝʣʦʚʦ ʛʦʨʠʚʦ. 
 
ʀɿɺʆɼʀ 

ʀʟʩʣʝʜʚʘʥʠʪʝ ʫʪʘʡʢʠ ʦʪ ʉɻʇʉʆɺ ʦʪ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ 
ʥʘ ʪʨʝʪʠʨʘʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʭʝʪʝʨʦʛʝʥʥʘ ʙʠʦʤʘʩʘ, ʙʦʛʘʪʘ 
ʥʘ ʦʨʛʘʥʠʢʘ ʠ ʩʲʩʪʘʚʢʠ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʟʘ ʨʘʩʪʝʥʠʷʪʘ 
ʭʠʤʠʯʥʠ ʝʣʝʤʝʥʪʠ. ʉʲʩʪʘʚʲʪ ʠʤ ʥʘʧʦʜʦʙʷʚʘ ʘʟʦʪʥʦ-
ʬʦʩʬʦʨʝʥ ʪʦʨ ʩ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʟʝʤʝʜʝʣʠʝʪʦ. 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʝ ʧʦʜ ʇɼʂ. 
ʋʩʪʦʡʯʠʚʠʪʝ ʦʨʛʘʥʠʯʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʧʨʠ ʫʪʘʡʢʠʪʝ ʩʘ ʧʦʜ 
ʇɼʂ, ʧʦʩʦʯʝʥʠ ʚ ʅʘʨʝʜʙʘʪʘ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʦʧʘʩʥʦʩʪ ʧʨʠ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʦʯʚʝʥʦʪʦ 
ʧʣʦʟʦʨʦʜʠʝ ʠ ʜʦʙʠʚʠʪʝ ʦʪ ʟʝʤʝʜʝʣʩʢʠ ʢʫʣʪʫʨʠ ʚ ʧʨʘʢʪʠʢʘʪʘ. 
ʆʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʫʪʘʡʢʠ ʩ ʥʘʡ-ʜʦʙʨʠ ʢʘʯʝʩʪʚʘ ʩʘ ʫʪʘʡʢʠʪʝ 
ʦʪ ʣʝʥʪʦʚʠʪʝ ʬʠʣʪʲʨʧʨʝʩʠ ʠ ʪʝʟʠ ʧʨʝʩʪʦʷʣʠ ʧʨʦʜʲʣʞʠʪʝʣʝʥ 
ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʘ ʠʟʩʣʝʜʚʘʪ ʫʪʘʡʢʠʪʝ 
ʠ ʟʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʩ ʮʝʣ ʥʘʧʲʣʥʦ ʜʘ 
ʦʪʛʦʚʦʨʷʪ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦʪʦ. 
 
ɹʣʘʛʦʜʘʨʥʦʩʪʠ ɸʚʪʦʨʠʪʝ ʠʟʢʘʟʚʘʪ ʛʦʝʤʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ 

ʥʘ ɹʣʛʘʨʩʢʠʷ ʅʘʮʠʦʥʘʣʝʥ ʬʦʥʜ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 
ʟʘ ʬʠʥʘʥʩʦʚʘʪʘ ʩʠ ʧʦʜʢʨʝʧʘ ʟʘ ʧʨʦʝʢʪʘ ˉ ɼʌʅʀ - ɽ01 / 3 
ʆʊ 27.11.2012ʛ 
 
ʃʀʊɽʈɸʊʋʈɸ 
[1]. ɼʠʨʝʢʪʠʚʘ 86/278/ɽɽʉ - ʆʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ 
ʚ ʯʘʩʪʥʥʦʩʪ ʥʘ ʧʦʯʚʠʪʝ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ 
ʫʪʘʡʢʠ ʦʪ ʧʨʝʯʠʩʪʚʘʪʝʣʥʠ ʩʪʘʥʮʠʠ ʚ ʟʝʤʝʜʝʣʠʝʪʦ; 
[2]. ʄʝʞʜʫʥʘʨʦʜʥʠ ʠ ɽʚʨʦʧʝʡʩʢʠ ʩʪʘʥʜʘʨʪʠ ʟʘ ʫʪʘʡʢʠ 
ʦʪ ʇʉʆɺ, ʧʦʯʚʠ ʠ ʚʦʜʠ-ʀʥʩʪʠʪʫʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʉʦʬʠʷ; 
[3]. ʂʦʟʘʨʝʚ ʀ (2010) - ɽʢʦʣʦʛʠʯʝʥ ʤʦʥʠʪʦʨʠʥʛ, 
ʣʝʢʮʠʦʥʥʠ ʟʘʧʠʩʢʠ ʍʊʄʋ ʉʦʬʠʷ; 
[4]. ʄʘʨʠʥʦʚʘ ʉ (2002) - ɸʛʨʦʝʢʦʣʦʛʠʯʥʘ ʦʮʝʥʢʘ ʥʘ ʫʪʘʡʢʠʪʝ 
ʦʪ ʧʨʝʯʠʩʪʚʘʪʝʣʥʠʪʝ ʩʪʘʥʮʠʠ ʟʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʠ 
ʦʩʥʦʚʥʠ ʧʦʜʭʦʜʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ, 
ʭʘʙ. ʪʨʫʜ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʟʚʘʥʠʝʪʦ ʇʨʦʬʝʩʦʨ; 
[5]. ʄʘʨʠʥʦʚʘ ʉ (2008) - ʋʪʘʡʢʠ ʦʪ ʇʉʆɺ ʠ ʧʨʘʚʠʣʘ ʟʘ 
ʪʷʭʥʦʪʦ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ, ʀʟʜ. ǌʇʲʙʣʠʰ ʉʘʡ ʉʝʪ- ɽʢʦǌ, ʉʦʬʠʷ; 
[6]. ʄʘʨʠʥʦʚʘ ʉ (1996-1999) - ʀ ʢʦʣʝʢʪʠʚ. ʇʨʦʝʢʪ 
ʉʉɸ ʛ. ɽʢʦʣʦʛʦʩʲʦʙʨʘʟʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ 
ʥʘ ʫʪʘʡʢʠʪʝ ʦʪ ʇʉʆɺ ʢʘʪʦ ʪʦʨʥʦ ʩʨʝʜʩʪʚʦ, ɸʨʭʠʚ 
ʥʘ ʀʇɸɿʈ ñʅ. ʇʫʰʢʘʨʦʚñ.   
[7]. ʅʘʨʝʜʙʘ ʟʘ ʨʝʜʘ ʠ ʥʘʯʠʥʘ ʟʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʦʪ 
ʧʨʝʯʠʩʪʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ 
ʟʝʤʝʜʝʣʠʝʪʦ, ʧʨʠʝʪʘ ʩ ʇʄʉ ˉ 339 ʦʪ 2004 ʛ. (ʦʙʥ., ɼɺ, ʙʨ. 29 
ʦʪ 08.04.2011 ʛ., ʠʟʤ. ɼɺ, ʙʨ.29 ʦʪ 08.04.2011 ʛ.); 
[8]. ɼʦʢʣʘʜ ʥʘ ʀɸʆʉ ʉʦʬʠʷ, 2011 ʛ. ʧʦ ʯʣ. 16, ʘʣ. 2 ʥʘ 
ʅʘʨʝʜʙʘʪʘ ʟʘ ʨʝʜʘ ʠ ʥʘʯʠʥʘ ʟʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ 
ʫʪʘʡʢʠ ʦʪ ʧʨʝʯʠʩʪʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʯʨʝʟ 
ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ; 
[9]. ʊʝʨʣʝʤʝʟʷʥ (2006) - ʆʮʝʥʢʘ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ 
ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʣʝʢʮʠʦʥʥʠ ʟʘʧʠʩʢʠ,. ʍʊʄʋ ʉʦʬʠʷ; 
[10]. ʎʘʯʝʚ ʎ. (2000) - ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ ʙʠʪʦʚʠ ʦʪʧʘʜʲʯʥʠ 
ʚʦʜʠ, ʀʟʜ. ǌʊʝʭʥʠʢʘǌ ʉʦʬʠʷ; 
[11]. ʊʫʨʦʚʩʢʠʡ ʀ. ʉ (1988) - ʆʙʨʘʙʦʪʢʘ ʦʩʘʜʢʦʚ 
ʩʪʦʯʥʳʭ ʚʦʜ. ʉʪʨʦʡʠʟʜʘʪ ʄʦʩʢʚʘ. 

 

 

 



INTERNATIONAL SYMPOSIUM
   

 

 

85 

 
CHARACTERISTIC OF GREENHOUSE GAS EMISSION FROM THE AGRARIAN SECTOR OF 

BULGARIA AND ROMANIA AS CLIMATE CHANGE MITIGATION FACTORS  
/  

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸ ɽʄʀʉʀʀʊɽ ʅɸ ʇɸʈʅʀʂʆɺʀ ɻɸɿʆɺɽ ʆʊ ɸɻʈɸʈʅʀʗ ʉɽʂʊʆʈ ʅɸ 
ɹʒʃɻɸʈʀʗ ʀ ʈʋʄʒʅʀʗ ʂɸʊʆ ʌɸʂʊʆʈ ɿɸ ʀɿʄɽʅɽʅʀɽ ʅɸ ʂʃʀʄɸʊɸ  

 
Prof. Ph.D. Mitova T., Assist. Prof. Ph.D. Petrova V. 

N. Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection, Sofia / Bulgaria 
Tel: +359 2 824 61 41; E-mail: tmitova@mail.bg  

 
 

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, climate change, 
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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 CO2 (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 CO2) for the 
period 1970 ï 2004 and by 24 % for the period 1990 ï 
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 
Europeôs natural environment and nearly all sectors of 
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 

 ʈʝʟʶʤʝ: ɿʘ ʩʤʝʢʯʘʚʘʥʝ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʩʘ 
ʥʝʦʙʭʦʜʠʤʠ ʜʚʘ ʚʠʜʘ ʜʝʡʩʪʚʠʷ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ ʚʘʞʥʦʪʦ ʝ, 
ʯʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʤʘʣʷʪ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 
(ʇɻ) (ʪ.ʝ. ʜʘ ʧʨʝʜʧʨʠʝʤʝʤ ʩʤʝʢʯʘʚʘʱʠ ʜʝʡʩʪʚʠʷ) ʠ ʚʪʦʨʦ 
- ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʣʘʛʘʪ ʜʝʡʩʪʚʠʷ ʟʘ ʘʜʘʧʪʠʨʘʥʝ ʠ ʩʧʨʘʚʷʥʝ 
ʩ ʥʝʠʟʙʝʞʥʠʪʝ ʚʲʟʜʝʡʩʪʚʠʷ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 1-2 ʛʦʜʠʥʠ 
ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʧʨʠʝ ʨʝʜʠʮʘ ʜʦʢʫʤʝʥʪʠ, ʠʟʠʩʢʚʘʱʠ 
ʜʘ ʙʲʜʘʪ ʧʨʝʜʧʨʠʝʪʠ ʤʝʨʢʠ ʟʘ ʘʜʘʧʪʠʨʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʷ 
ʩʝʢʪʦʨ ʠ ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʠʟʤʝʥʝʥʠʝʪʦ 
ʥʘ ʢʣʠʤʘʪʘ. ʎʝʣʪʘ ʥʘ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ ʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ 
ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʩʝʢʪʦʨʘ 
ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʚ ʜʚʝʪʝ ʩʪʨʘʥʠ ɹʲʣʛʘʨʠʷ ʠ 
ʈʫʤʲʥʠʷ ʠ ʜʘ ʩʝ ʧʨʦʩʣʝʜʷʪ ʪʝʥʜʝʥʮʠʠʪʝ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 
ʜʘ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʲʣʞʝʥʠʷʪʘ, ʧʦʝʪʠ ʧʦ ʩʠʣʘʪʘ ʥʘ 
ʇʨʦʪʦʢʦʣʘ ʦʪ ʂʠʦʪʦ. ʊʦʚʘ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʟʘ ʨʘʟʚʠʪʠʝʪʦ 
ʥʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʠ ʧʨʠʩʧʦʩʦʙʷʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ 
ʩʪʦʧʘʥʩʪʚʦ ʥʘ ʤʝʩʪʥʦ, ʨʝʛʠʦʥʘʣʥʦ ʠ ʥʘʮʠʦʥʘʣʥʦ ʥʠʚʦ. 
 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʧʘʨʥʠʢʦʚʠ ʝʤʠʩʠʠ, ʠʟʤʝʥʝʥʠʝ ʥʘ 
ʢʣʠʤʘʪʘ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ 

 
ɺʒɺɽɼɽʅʀɽ 

ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ, ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʧʨʝʜʣʘʛʘ 
ʜʚʦʡʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ, ʥʘʡ- ʪʝʞʢʠʪʝ 
ʧʦʩʣʝʜʠʮʠ ʦʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 
ʧʨʝʜʦʪʚʨʘʪʝʥʠ ʝʜʠʥʩʪʚʝʥʦ ʯʨʝʟ ʥʘʚʨʝʤʝʥʥʦ ʠ ʩʲʱʝʩʪʚʝʥʦ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ (ʇɻ). ɺ 
ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ, ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʪʝ ʜʝʡʥʦʩʪʠ ʦʪʜʝʣʷʪ 58% 
ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʠʪʝ ʝʤʠʩʠʠ, ʨʘʟʣʠʯʥʠ ʦʪ CO2 (84% ʦʪ 
ʝʤʠʩʠʠʪʝ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ, 47% ʦʪ ʤʝʪʘʥ ʠ 14% ʦʪ ʦʙʱʦʪʦ 
ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʠʪʝ ʝʤʠʩʠʠ). ʉʧʦʨʝʜ ʯʝʪʚʲʨʪʠʷ 
ʜʦʢʣʘʜ ʥʘ IPCC, ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ (CO2 , CH4, 
N2O , HFCs , PFCs ʠ SF6) ʩʘ ʩʝ ʫʚʝʣʠʯʠʣʠ ʩ 70% (ʦʪ 28,7 
ʜʦ 49 Gt CO2 ʝʢʚʠʚʘʣʝʥʪ ) ʟʘ ʧʝʨʠʦʜʘ 1970-2004ʛ ʠ ʩ 24% 
ʟʘ ʧʝʨʠʦʜʘ ʦʪ 1990 - 2004ʛ. ʆʙʱʠʪʝ ʝʤʠʩʠʠ ʦʪ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʷ 
ʩʝʢʪʦʨ ʩʘ ʩʝ ʫʚʝʣʠʯʠʣʠ ʟʥʘʯʠʪʝʣʥʦ (27%). ʇʦʨʘʜʠ ʪʦʚʘ, ʯʝ 
ʦʛʨʘʥʠʯʘʚʘʥʝʪʦ ʝ ʪʦʣʢʦʚʘ ʥʘʣʦʞʠʪʝʣʥʦ ʟʘ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ 
ʦʙʱʥʦʩʪ, ʧʨʝʟ 2007ʛ., ʜʲʨʞʘʚʥʠʪʝ ʠ ʧʨʘʚʠʪʝʣʩʪʚʝʥʠ ʨʲʢʦʚʦʜʠʪʝʣʠ 
ʥʘ ɽʉ ʝʜʠʥʦʜʫʰʥʦ ʩʝ ʩʲʛʣʘʩʠʭʘ ʜʘ ʥʘʤʘʣʷʪ ʝʤʠʩʠʠʪʝ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʩ ʧʦʥʝ 20% ʜʦ 2020 ʛ. ʠ ʩ 30% ʚ ʩʣʫʯʘʡ 
ʥʘ ʩʢʣʶʯʚʘʥʝ ʥʘ ʰʠʨʦʢʦ ʠ ʚʩʝʦʙʭʚʘʪʥʦ ʩʧʦʨʘʟʫʤʝʥʠʝ. 
ʉʲʱʦ ʪʘʢʘ ʙʝ ʦʪʧʨʘʚʝʥ ʧʨʠʟʠʚ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʚ ʩʚʝʪʦʚʝʥ 
ʤʘʱʘʙ, ʩ ʜʦ 50% ʜʦ 2050 ʛ. ʩʧʨʷʤʦ ʥʠʚʘʪʘ ʦʪ 1990 ʛ. [1, 3].  
ʉʣʝʜʦʚʘʪʝʣʥʦ, ʙʲʨʟʦʪʦ ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʩʚʝʪʦʚʥʘ ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʘ 

ʠʢʦʥʦʤʠʢʘ ʝ ʦʩʥʦʚʥʠʷʪ ʩʪʲʣʙ ʥʘ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʧʦʣʠʪʠʢʘ 
ʥʘ ɽʉ ʦʪʥʦʩʥʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʠ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʟʘ 
ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʮʝʣʪʘ ʥʘ ɽʉ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ 
ʩʨʝʜʥʘʪʘ ʛʣʦʙʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 2 ÁC ʚ ʩʨʘʚʥʝʥʠʝ ʩ 
ʧʨʝʜʠʥʜʫʩʪʨʠʘʣʥʠʪʝ ʥʠʚʘ. ʇʨʠ ʧʨʦʤʷʥʘ ʩ ʧʦʚʝʯʝ ʦʪ 2 ÁC, 
ʨʠʩʢʲʪ ʦʪ ʦʧʘʩʥʦ ʠ ʥʝʧʨʝʜʚʠʜʠʤʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ 
ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʧʦʚʠʰʘʚʘ ʠ ʨʘʟʭʦʜʠʪʝ ʝʩʢʘʣʠʨʘʪ. ʀʟʤʝʥʝʥʠʝʪʦ 
ʥʘ ʢʣʠʤʘʪʘ ʱʝ ʦʢʘʞʝ ʩʝʨʠʦʟʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʨʠʨʦʜʥʘʪʘ 
ʩʨʝʜʘ ʥʘ ɽʚʨʦʧʘ ʠ ʚʲʨʭʫ ʧʦʯʪʠ ʚʩʠʯʢʠ ʩʝʢʪʦʨʠ ʥʘ ʦʙʱʝʩʪʚʦʪʦ 
ʠ ʠʢʦʥʦʤʠʢʘʪʘ. ʖʞʥʘ ɽʚʨʦʧʘ ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʠʝʪʦ ʩʘ 
ʩʠʣʥʦ ʟʘʩʝʛʥʘʪʠ, ʧʦʨʘʜʠ ʢʦʤʙʠʥʠʨʘʥʠʷ ʝʬʝʢʪ ʦʪ ʚʠʩʦʢʠʪʝ 
ʧʦʢʘʯʚʘʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʥʘʤʘʣʝʥʠ ʩʪʘʚʢʠ ʥʘ 
ʚʘʣʝʞʠʪʝ. ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʜʚʘ 
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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 ï CO2, methane ïCH4 and nitrous oxides 
ï N2O) 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 Áʉ for the last 100 
years due to the increased concentrations of greenhouse 
gases in the atmosphere (CO2 emissions by 29 %, CH4 
emissions by 150 % and N2O 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 activities 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 
global temperature at the land surface will rise with 2 Áʉ 
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 445-490 ʨʨm (these 
are at level of 375 ʨʨm in 2005), which is too ambitious 
task that would require the peak of global emissions of 
CO2 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 Áʉ. More severe 
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 ï 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 the working Paper ñAdapting 
to Climate Change [3]: the Challenge for European 
Agriculture and Rural Areasò (SEC, 2009/417); 

ʚʠʜʘ ʧʦʜʭʦʜ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ, ʚʘʞʥʦʪʦ ʝ, ʯʝ ʥʠʝ ʪʨʷʙʚʘ ʜʘ 
ʥʘʤʘʣʠʤ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ (ʇɻ) (ʪ.ʝ. ʜʘ 
ʧʨʝʜʧʨʠʝʤʝʤ ʜʝʡʩʪʚʠʷ ʟʘ ʩʤʝʢʯʘʚʘʥʝ) ʠ ʚʪʦʨʠʯʥʠ - 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʣʘʛʘʪ ʜʝʡʩʪʚʠʷ ʟʘ ʘʜʘʧʪʠʨʘʥʝ ʠ ʩʧʨʘʚʷʥʝ 
ʩ ʥʝʠʟʙʝʞʥʠʪʝ ʚʲʟʜʝʡʩʪʚʠʷ. 
ʎʝʣʪʘ ʥʘ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ ʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʪʨʫʢʪʫʨʘʪʘ 

ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʩʝʢʪʦʨʘ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʚ 
ɹʲʣʛʘʨʠʷ ʠ ʈʫʤʲʥʠʷ ʠ ʜʘ ʩʝ ʧʨʦʩʣʝʜʷʪ ʪʝʥʜʝʥʮʠʠʪʝ ʠ 
ʚʲʟʤʦʞʥʦʩʪʠ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʩʚʦʠʪʝ ʟʘʜʲʣʞʝʥʠʷ, ʧʦʝʪʠ ʧʦ 
ʩʠʣʘʪʘ ʥʘ ʇʨʦʪʦʢʦʣʘ. ʊʦʚʘ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʟʘ ʨʘʟʚʠʪʠʝʪʦ 
ʥʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʠ ʧʨʠʩʧʦʩʦʙʷʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ 
ʩʪʦʧʘʥʩʪʚʦ ʥʘ ʤʝʩʪʥʦ, ʨʝʛʠʦʥʘʣʥʦ ʠ ʥʘʮʠʦʥʘʣʥʦ ʥʠʚʦ. 
 
ʀʟʤʝʥʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ʠ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 

ʋʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 
(ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ - CO2, ʤʝʪʘʥ CH4 ʠ ʘʟʦʪʥʠ ʦʢʠʩʠ - N2O) 
ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪ ʢʨʘʷ ʥʘ 19-ʪʠ ʚʝʢ. ʉʧʦʨʝʜ ʄʝʞʜʫʧʨʘʚʠʪʝʣʩʪʚʝʥʠʷ 
ʢʦʤʠʪʝʪ ʧʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ, ʩʨʝʜʥʘʪʘ ʛʣʦʙʘʣʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ ʩʝ ʝ ʧʦʚʠʰʠʣʘ ʩ 
0,4-0,8Áʉ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 100 ʛʦʜʠʥʠ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚ 
ʘʪʤʦʩʬʝʨʘʪʘ (ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʩ 29%, ʝʤʠʩʠʠʪʝ ʥʘ CH4 ʩʲʩ 
150 %, ʘ ʝʤʠʩʠʠʪʝ ʥʘ N2O ʦʪ 15%). ʉʤʷʪʘ ʩʝ, ʯʝ ʧʨʦʜʲʣʞʘʚʘʱʦʪʦ 
ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ, 
ʙʠ ʜʦʚʝʣʦ ʜʦ ʧʦ-ʥʘʪʘʪʲʰʥʠ ʧʨʦʤʝʥʠ ʚ ʢʣʠʤʘʪʘ ʠ ʝʢʦʩʠʩʪʝʤʠʪʝ, 
ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʚʲʟʤʦʞʥʠ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʧʨʦʤʝʥʠ ʚ ʫʩʣʦʚʠʷʪʘ 
ʥʘ ʞʠʚʦʪ, ʩʪʦʧʘʥʩʢʠ ʜʝʡʥʦʩʪʠ ʠ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ. ʀʤʘ ʫʙʝʜʠʪʝʣʥʠ 
ʜʦʢʘʟʘʪʝʣʩʪʚʘ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʯʝʪʚʲʨʪʠʷ ʜʦʢʣʘʜ ʥʘ 
ʄʝʞʜʫʧʨʘʚʠʪʝʣʩʪʚʝʥʠʷ ʢʦʤʠʪʝʪ ʧʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ 
(IPCC , 5 ʬʝʚʨʫʘʨʠ 2007 ʛ. ʚ ʇʘʨʠʞ) [2], ʯʝ ʥʘʙʣʶʜʘʚʘʥʠʪʝ 
ʧʨʦʤʝʥʠ ʚ ʢʣʠʤʘʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʙʲʨʟʠ ʦʪ 
ʪʝʟʠ ʧʦ ʚʨʝʤʝ ʥʘ ʤʠʥʘʣʦʪʦ ʭʠʣʷʜʦʣʝʪʠʝ. ɺʩʝ ʧʦ-ʯʝʩʪʦ ʫʯʝʥʠ ʠ 
ʧʦʣʠʪʠʮʠ ʩʘ ʩʲʛʣʘʩʥʠ, ʯʝ ʧʨʦʤʝʥʠʪʝ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʩʝ 
ʜʲʣʞʘʪ ʥʘ ʧʦʚʠʰʝʥʦ ʥʠʚʦ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ, 
ʢʦʝʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʠʣʥʦ ʧʨʝʟ 19 ʚʝʢ ʧʦ ʚʨʝʤʝ ʥʘ 
ʠʥʜʫʩʪʨʠʘʣʥʘʪʘ ʨʝʚʦʣʶʮʠʷ. ʈʘʟʣʠʯʥʠ ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ 
ʧʨʦʛʥʦʟʠʨʘʪ, ʯʝ ʩʨʝʜʥʘʪʘ ʛʣʦʙʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 
ʟʝʤʷʪʘ ʱʝ ʩʝ ʧʦʚʠʰʠ ʩ 2 Áʉ ʜʦ 2010ʛ., ʘʢʦ ʨʲʩʪʲʪ ʥʘ ʝʤʠʩʠʠʪʝ 
ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʧʨʦʜʲʣʞʘʚʘ ʩʲʩ ʩʲʱʘʪʘ ʩʢʦʨʦʩʪ, ʢʦʷʪʦ 
ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʛʦʣʝʤʠ ʧʨʦʤʝʥʠ ʚ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ 
ʧʘʨʘʤʝʪʨʠ ʩʲʩ ʩʠʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ 
ʧʨʦʤʠʰʣʝʥʦʩʪ ʠ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ [6]. ɺ ʩʣʫʯʘʡ, ʯʝ 
ʝʤʠʩʠʠʪʝ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘʪ ʥʘ ʥʠʚʦ ʦʪ 445-490 ʨʨm ( ʩʝʛʘ ʩʘ 
ʥʘ ʥʠʚʦ ʦʪ 375 ʨʨm ), ʢʦʝʪʦ ʝ ʪʚʲʨʜʝ ʘʤʙʠʮʠʦʟʥʘ ʟʘʜʘʯʘ,  
ʠʟʠʩʢʚʘ ʧʠʢʲʪ ʥʘ ʛʣʦʙʘʣʥʠʪʝ ʝʤʠʩʠʠ ʥʘ CO2 ʜʘ ʩʝ ʧʦʷʚʷʪ 
ʧʨʝʟ 2015ʛ, ʩ ʧʦʩʣʝʜʚʘʱʦ ʥʘʤʘʣʝʥʠʝ ʦʪ 50 -85% ʜʦ 2050 ʛ. 
ʩʧʨʷʤʦ ʥʠʚʦʪʦ ʦʪ 2000 ʛʦʜʠʥʘ. ʊʦʚʘ ʱʝ ʦʛʨʘʥʠʯʠ 
ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʜʦ 2-2.4Áʉ. ʇʦ-ʢʲʩʥʦʪʦ 
ʧʨʦʷʚʣʝʥʠʝ ʥʘ ʧʠʢʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʧʦ-ʛʦʣʷʤʦ ʟʘʪʦʧʣʷʥʝ. 
ɺʩʷʢʦ ʧʨʦʜʲʣʞʘʚʘʱʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ 
ʛʘʟʦʚʝ, ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʟʘʪʦʧʣʷʥʝ ʧʨʝʟ 21 
ʚʝʢ, ʢʦʝʪʦ ʱʝ ʧʨʝʜʠʟʚʠʢʘ ʨʘʟʣʠʯʥʠ ʧʨʦʤʝʥʠ ʚ ʛʣʦʙʘʣʥʘʪʘ 
ʢʣʠʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʜʦʨʠ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʪʝʟʠ, ʥʘʙʣʶʜʘʚʘʥʠ 
ʧʦ ʚʨʝʤʝ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. ʇʨʦʤʝʥʠʪʝ ʱʝ ʜʦʚʝʜʘʪ ʜʦ 
ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʦʪʦ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʚʘʣʝʞʠʪʝ 
ʚ ʤʥʦʛʦ ʨʝʛʠʦʥʠ, ʚʦʜʝʱʠ ʜʦ ʩʠʣʥʘ ʧʨʦʷʚʘ ʥʘ ʤʥʦʛʦ ʚʠʩʦʢʠ 
ʪʝʤʧʝʨʘʪʫʨʠ, ʩʫʰʘ ʠʣʠ ʥʘʚʦʜʥʝʥʠʷ. ʇʦʨʘʜʠ ʥʝʣʠʥʝʝʥ 
ʭʘʨʘʢʪʝʨ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʚʣʠʷʥʠʷ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ 
ʝʢʦʩʠʩʪʝʤʠʪʝ, ʜʦʨʠ ʠ ʥʝʟʥʘʯʠʪʝʣʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʨʦʤʝʥʠ 
ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʩʝʨʠʦʟʥʠ ʧʦʩʣʝʜʩʪʚʠʷ. 
ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 1-2 ʛʦʜʠʥʠ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʧʨʠʝ 

ʨʝʜʠʮʘ ʜʦʢʫʤʝʥʪʠ, ʠʟʠʩʢʚʘʱʠ ʜʘ ʙʲʜʘʪ ʧʨʝʜʧʨʠʝʪʠ ʤʝʨʢʠ 
ʟʘ ʘʜʘʧʪʠʨʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʷ ʩʝʢʪʦʨ ʠ ʩʤʝʢʯʘʚʘʥʝ ʥʘ 
ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ: "ɿʝʣʝʥʘ ʢʥʠʛʘ ʟʘ 
ʘʜʘʧʪʠʨʘʥʝ ʢʲʤ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʚ ɽʚʨʦʧʘ - 
ʚʲʟʤʦʞʥʠ ʜʝʡʩʪʚʠʷ ʥʘ ɽʉ" (COM, 2007/354); "ɹʷʣʘʪʘ ʢʥʠʛʘ 
ʟʘ ʘʜʘʧʪʠʨʘʥʝ ʢʲʤ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ [3] - ʢʲʤ 
ʝʚʨʦʧʝʡʩʢʘ ʨʘʤʢʘ ʟʘ ʜʝʡʩʪʚʠʝ" (COM, 2009/ 147), ʢʘʢʪʦ ʠ 
ʨʘʙʦʪʥʘʪʘ ʢʥʠʛʘ "ɸʜʘʧʪʠʨʘʥʝ ʩʧʨʷʤʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ: 
ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʟʘ ʝʚʨʦʧʝʡʩʢʦʪʦ ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ ʠ ʩʝʣʩʢʠ 
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Commission staff working document ĂThe Role of 
European Agriculture in Climate Change Mitigationò 
(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 ï 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 ï 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 ï 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 ï carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O), 
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 CO2 [4, 5, 7]. 
 
Evaluation of the emissions from the agricultural 
sector in the countries of EU and Bulgaria and Romania 
Å 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 (tï2) 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, 

ʨʘʡʦʥʠ " (SEC , 2009/417); ʨʘʙʦʪʝʥ ʜʦʢʫʤʝʥʪ ʥʘ ʂʦʤʠʩʠʷʪʘ 
"ʈʦʣʷʪʘ ʥʘ ʝʚʨʦʧʝʡʩʢʦʪʦ ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ ʟʘ ʩʤʝʢʯʘʚʘʥʝ 
ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ" (SEC 2009 / 1093 ) ʠ ʜʨ. ʈʝʟʦʣʶʮʠʷʪʘ 
ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʧʘʨʣʘʤʝʥʪ ʦʪʥʦʩʥʦ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʚ 
ɽʉ ʠ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ (2009/2157) ʧʦʜʯʝʨʪʘʚʘ, ʯʝ 
ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʧʦʨʘʜʠ ʥʘʪʨʫʧʘʥʠʪʝ ʚ ʤʠʥʘʣʦʪʦ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʝ ʥʘʫʯʥʘ ʢʦʥʩʪʘʪʘʮʠʷ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʠʤʘ 
ʩʝʨʠʦʟʥʠ ʧʦʩʣʝʜʠʮʠ ʟʘ ʝʢʦʩʠʩʪʝʤʠʪʝ; ʟʝʤʝʜʝʣʠʝʪʦ, ʢʘʪʦ 
ʝʜʥʘ ʦʪ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʜʝʡʥʦʩʪʠ, ʢʦʠʪʦ ʫʧʨʘʚʣʷʚʘʪ ʧʨʠʨʦʜʥʠʪʝ 
ʨʝʩʫʨʩʠ ʚ ʧʦʣʟʘ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ, ʝ ʧʨʷʢʦ ʟʘʩʝʛʥʘʪʦ; ʯʝ ʠʟʤʝʥʝʥʠʝʪʦ 
ʥʘ ʢʣʠʤʘʪʘ ʝ ʝʜʥʦ ʦʪ ʥʘʡ-ʩʝʨʠʦʟʥʠʪʝ ʟʘʧʣʘʭʠ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
ʇʦʨʘʜʠ ʪʝʟʠ ʧʨʠʯʠʥʠ ʜʚʘ ʚʠʜʘ ʜʝʡʥʦʩʪʠ ʩʝ ʠʟʠʩʢʚʘʪ: ʩʤʝʢʯʘʚʘʥʝ 
(ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ) ʠ ʧʨʠʩʧʦʩʦʙʷʚʘʥʝ 
(ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʥʝʠʟʙʝʞʥʠʪʝ ʧʦʩʣʝʜʩʪʚʠʷ). ʉʣʝʜʦʚʘʪʝʣʥʦ, ʙʲʨʟʦʪʦ 
ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʩʚʝʪʦʚʥʘ ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʘ ʠʢʦʥʦʤʠʢʘ ʝ 
ʦʩʥʦʚʥʠʷʪ ʩʪʲʣʙ ʥʘ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʧʦʣʠʪʠʢʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 
ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʠ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 
ʮʝʣʪʘ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʩʨʝʜʥʘʪʘ ʛʣʦʙʘʣʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 2ÁC, ʩ ʛʦʣʝʤʠ ʧʦʩʣʝʜʠʮʠ. 
ʂʦʤʠʩʠʷʪʘ ʷʩʥʦ ʟʘʷʚʠ, ʯʝ ʚ ʖʞʥʘ ɽʚʨʦʧʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʟʝʤʝʜʝʣʩʢʘʪʘ ʟʝʤʷ ʝ ʚ ʧʨʦʮʝʩ ʥʘ ʚʣʦʰʘʚʘʥʝ, ʚ ʨʝʟʫʣʪʘʪ 
ʦʪ ʦʪʨʠʮʘʪʝʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ ʠ 
ʢʣʠʤʘʪʠʯʥʠʪʝ ʷʚʣʝʥʠʷ (ʈʝʟʦʣʶʮʠʷ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʧʘʨʣʘʤʝʥʪ 
ʟʘ ʧʨʦʮʝʩʘ ʥʘ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʟʝʤʠ ʚ ɽʉ 
ʠ ʦʩʦʙʝʥʦ ʚ ʖʞʥʘ ɽʚʨʦʧʘ - ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʯʨʝʟ ʠʥʩʪʨʫʤʝʥʪʠʪʝ 
ʥʘ ʆʉʇ ʥʘ ɽʉ, 12 ʤʘʨʪ 2009 ʛ.). 
ʉʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʯʘʩʪ ʦʪ ʨʝʰʝʥʠʷʪʘ ʟʘ 

ʙʦʨʙʘ ʩ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʚ ʪʨʠʪʝ ʦʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ 
- ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʦʙʩʪʚʝʥʠʪʝ ʩʠ ʝʤʠʩʠʠ, ʧʦʚʠʰʘʚʘʥʝ ʧʦʛʣʲʱʘʥʝʪʦ 
ʥʘ ʚʲʛʣʝʨʦʜʘ ʚ ʦʙʨʘʙʦʪʚʘʝʤʠʪʝ ʧʦʯʚʠ; ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 
ʝʥʝʨʛʠʷ ʦʪ ʚʲʟʦʙʥʦʚʷʝʤʠ ʠʟʪʦʯʥʠʮʠ (ʩʪʨ. 3 ʦʪ ʧʨʠʜʨʫʞʘʚʘʱʠʷ 
ʨʘʙʦʪʝʥ ʜʦʢʫʤʝʥʪ ʥʘ ɹʷʣʘʪʘ ʢʥʠʛʘ ʥʘ ɽʉ, SEC 2009, 417). 
ʇʨʝʟ 1997ʛ. ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʪʘ ʚ ʂʠʦʪʦ, ʗʧʦʥʠʷ, 

ʩʪʨʘʥʠʪʝ ʦʪ ʈʘʤʢʦʚʘʪʘ ʢʦʥʚʝʥʮʠʷ ʥʘ ʆʆʅ ʧʦ 
ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ʩʝ ʩʲʛʣʘʩʠʭʘ ʥʝ ʩʘʤʦ ʜʘ ʩʝ 
ʩʪʘʙʠʣʠʟʠʨʘ ʥʠʚʦʪʦ ʥʘ ʝʤʠʩʠʠʪʝ, ʥʦ ʠ ʜʘ ʛʠ ʥʘʤʘʣʷʪ ʩ 
ʦʧʨʝʜʝʣʝʥ ʧʨʦʮʝʥʪ ʧʦ ʚʨʝʤʝ ʥʘ ʧʲʨʚʠʷ ʧʝʨʠʦʜ ʥʘ 
ʟʘʜʲʣʞʝʥʠʷ ʧʦ ʇʨʦʪʦʢʦʣʘ ( 2008-2012 ʛ.).  
ʉʲʛʣʘʩʥʦ ʟʘʜʲʣʞʝʥʠʷʪʘ ʥʘ ʜʲʨʞʘʚʠʪʝ - ʩʪʨʘʥʠ ʧʦ 

ʇʨʦʪʦʢʦʣʘ, ʪʝ ʩʣʝʜʚʘ ʜʘ ʠʟʛʦʪʚʷʪ ʛʦʜʠʰʝʥ ʜʦʢʣʘʜ, ʚ 
ʢʦʡʪʦ ʩʝ ʚʢʣʶʯʚʘ ʧʝʨʠʦʜʘ ʦʪ 1990 ʜʦ ʜʚʝ ʛʦʜʠʥʠ 
ʧʨʝʜʠ ʛʦʜʠʥʘʪʘ, ʚ ʢʦʷʪʦ ʝ ʠʟʛʦʪʚʝʥ ʜʦʢʣʘʜʘ. ʀʤʘ ʰʝʩʪ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ - ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ( CO2), ʤʝʪʘʥ 
(CH4), ʘʟʦʪʝʥ ʦʢʩʠʜ (N2O), ʧʝʨʬʣʦʨʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ 
(PFC ), ʭʠʜʨʦʬʣʫʦʨʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ (HFC), ʩʝʨʝʥ 
ʭʝʢʩʘʬʣʫʦʨʠʜ (SF6). ʀʥʚʝʥʪʘʨʠʟʘʮʠʷʪʘ ʥʘ ʝʤʠʩʠʠʪʝ 
ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʦʙʱʦʧʨʠʝʪʘ 
ʤʝʪʦʜʠʢʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʨʝʟʫʣʪʘʪʠʪʝ ʜʘ ʙʲʜʘʪ 
ʩʲʧʦʩʪʘʚʠʤʠ ʚ ʝʢʚʠʚʘʣʝʥʪʠ ʥʘ CO2 ( CO2 eq) [4, 5, 7]. 
 
ʆʮʝʥʢʘ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʩʝʢʪʦʨʘ ʥʘ ʩʝʣʩʢʦʪʦ 
ʩʪʦʧʘʥʩʪʚʦ ʚ ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ, ɹʲʣʛʘʨʠʷ ʠ ʈʫʤʲʥʠʷ 
Å ɽʚʨʦʧʝʡʩʢʠ ʩʲʶʟ 

ɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʶʟ (ɽʉ), ʢʘʪʦ ʩʪʨʘʥʘ ʧʦ ʈʘʤʢʦʚʘʪʘ ʢʦʥʚʝʥʮʠʷ 
ʥʘ ʆʆʅ ʧʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ (UNFCCC), ʠʟʛʦʪʚʷ 
ʛʦʜʠʰʥʠ ʜʦʢʣʘʜʠ ʟʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ (ʇɻ) (t- 
2) ʚ ʨʘʤʢʠʪʝ ʥʘ ʟʦʥʘʪʘ, ʦʙʭʚʘʥʘʪʘ ʦʪ ʥʝʛʦʚʠʪʝ ʜʲʨʞʘʚʠ-
ʯʣʝʥʢʠ (ʪ.ʝ. ʥʘʮʠʦʥʘʣʥʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʩʝ ʧʨʦʚʝʞʜʘʪ ʚ 
ʨʘʤʢʠʪʝ ʥʘ ʥʝʡʥʘʪʘ ʪʝʨʠʪʦʨʠʷ) [1]. ʅʘʩʪʦʷʱʘʪʘ 
ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʦʙʭʚʘʱʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʜʘʥʥʠ ʦʪ 
ʜʲʨʞʘʚʠʪʝ-ʯʣʝʥʢʠ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʜʦ 2011 ʛʦʜʠʥʘ. 
ʉʲʛʣʘʩʥʦ ʇʨʦʪʦʢʦʣʘ ʦʪ ʂʠʦʪʦ, ʟʘ ʧʝʨʠʦʜʘ 2008 -2012 ʛ ɽʉ-
15 ʧʦʝʭʘ ʦʙʱ ʘʥʛʘʞʠʤʝʥʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʩ 8%  
ʩʧʨʷʤʦ ʝʤʠʩʠʠʪʝ ʧʨʝʟ ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ. ɽʉ-27 ʚʩʝ ʦʱʝ ʥʷʤʘ 
ʦʙʱʘ ʮʝʣ ʧʦ ʇʨʦʪʦʢʦʣʘ ʦʪ ʂʠʦʪʦ, ʧʦ ʩʲʱʠʷ ʥʘʯʠʥ, ʢʘʢʪʦ ɽʉ 
15. ʇʨʝʟ 2010ʛ. ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʟʘ ɽʉ-27 ʩʝ 
ʫʚʝʣʠʯʘʚʘʪ ʩ 2.4% ʚ ʩʨʘʚʥʝʥʠʝ ʩ 2009 ʛʦʜʠʥʘ. ʊʦʚʘ ʩʝ 
ʜʲʣʞʠ ʥʘ ʚʨʲʱʘʥʝʪʦ ʢʲʤ ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ ʚ ʤʥʦʛʦ 
ʩʪʨʘʥʠ. ʅʘʡ-ʚʘʞʥʠʷʪ ʩʝʢʪʦʨ, ʜʦ ʤʦʤʝʥʪʘ ʝ ʝʥʝʨʛʠʡʥʠʷʪ, 
ʢʦʡʪʦ ʝʤʠʪʠʨʘ 79,7% ʦʪ ʚʩʠʯʢʠ ʝʤʠʩʠʠ ʚ ɽʉ-27 ʧʨʝʟ 2010 
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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 CO2 is the most 
significant gas (81,4%), follow by the N2O (8.5%) and 
CH4 (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 I Parties decreased by 11.5 per cent, and total 
GHG emissions/removals including LULUCF decreased 
by 17.6 per cent (Fig 1). For Annex I Parties with 
economies in transition (Annex I EIT Parties), GHG 
emissions excluding and including LULUCF decreased 
by 41.4 percent and 54.4 percent, respectively. For 
Annex I non-EIT Parties, GHG emissions excluding 
LULUCF 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 NO2 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]. 

ʛʦʜʠʥʘ. ɺʪʦʨʠʷʪ ʧʦ ʛʦʣʝʤʠʥʘ ʩʝʢʪʦʨ ʝ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ 
(9.8%), ʩʣʝʜʚʘʥ ʦʪ ʠʥʜʫʩʪʨʠʘʣʥʠʪʝ ʧʨʦʮʝʩʠ (7.3 %). CO2 ʝ 
ʥʘʡ-ʟʥʘʯʠʤʠʷʪ ʛʘʟ (81,4 %), ʩʣʝʜʚʘʥ ʦʪ N2O (8.5 %) ʠ CH4 
(7.1 %). ɿʘ ʧʝʨʠʦʜʘ 1990-2009 ʛ. ʦʙʱʠʪʝ ʘʛʨʝʛʠʨʘʥʠ ʝʤʠʩʠʠ 
ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʝʤʠʩʠʠʪʝ / ʠʟʚʝʞʜʘʥʝ 
ʦʪ ʟʝʤʝʧʦʣʟʚʘʥʝʪʦ, ʧʨʦʤʝʥʠʪʝ ʚ ʟʝʤʝʧʦʣʟʚʘʥʝʪʦ ʠ ʛʦʨʩʢʦʪʦ 
ʩʪʦʧʘʥʩʪʚʦ (LULUCF) ʟʘ ʚʩʠʯʢʠ ʩʪʨʘʥʠ ʦʪ ʇʨʠʣʦʞʝʥʠʝʪʦ ʝ 
ʥʘʤʘʣʷʣ ʩ 11,5%, ʘ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʇɻ /ʠʟʚʝʞʜʘʥʝ, 
ʚʢʣʶʯʠʪʝʣʥʦ LULUCF ʥʘʤʘʣʷʚʘ ʩ 17.6 % (ʌʠʛʫʨʘ 1). ɿʘ 
ʩʪʨʘʥʠʪʝ ʩ ʠʢʦʥʦʤʠʢʠ ʚ ʧʨʝʭʦʜ ʦʪ ʇʨʠʣʦʞʝʥʠʝ I ʥʘ 
ʇʨʦʪʦʢʦʣʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ, ʩ ʠʟʢʣʶʯʚʘʥʝ/ 
ʚʢʣʶʯʚʘʥʝ ʥʘ LULUCF ʥʘʤʘʣʷʚʘʪ ʩ 41.4% ʠ 54.4%. ɿʘ 
ʧʨʠʣʦʞʝʥʠʝ I ʠʟʚʲʥ EIT ʩʪʨʘʥʠ, ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ 
ʛʘʟʦʚʝ ʠʟʢʣʶʯʚʘʡʢʠ LULUCF ʥʘʨʘʩʪʚʘʪ ʩ 2.1%, ʘ 
ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ, ʚʢʣʶʯʠʪʝʣʥʦ LULUCF, 
ʩʘ ʩʝ  ʫʚʝʣʠʯʠʣʠ ʩ 0,6%. ʀʥʬʦʨʤʘʮʠʷʪʘ ʚ ʪʦʟʠ ʜʦʢʫʤʝʥʪ 
ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʥʘʮʠʦʥʘʣʥʠʪʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ [2, 3] . 
ɿʥʘʯʠʪʝʣʥʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ NO2 ʦʪ 

ʟʝʤʝʜʝʣʠʝʪʦ ʝ ʥʘʙʣʶʜʘʚʘʥʦ ʚ ʤʥʦʛʦ ʩʪʨʘʥʠ- ʯʣʝʥʢʠ ʥʘ ɽʉ 
(ʍʦʣʘʥʜʠʷ -60%; ɻʝʨʤʘʥʠʷ-39%, ɹʝʣʛʠʷ-21%, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ -
16%). ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʦʪʥʦʩʠʪʝʣʥʦ ʩʠʣʥʦʪʦ ʨʝʜʫʮʠʨʘʥʝ  
ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʟʦʪʥʠ ʪʦʨʦʚʝ, ʜʲʣʞʘʱo ʩʝ ʥʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ 
ʅʠʪʨʘʪʥʘʪʘ ʜʠʨʝʢʪʠʚʘ, ʆʙʱʘʪʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʣʠʪʠʢʘ 
(ʆʉʇ) ʠ ɼʠʨʝʢʪʠʚʘʪʘ ʟʘ ʜʝʧʦʥʠʨʘʥʝʪʦ ʥʘ ʦʪʧʘʜʲʮʠʪʝ, ʢʦʠʪʦ 
ʩʲʱʦ ʠʥʜʠʨʝʢʪʥʦ ʚʣʠʷʷʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ. 
ɻʲʨʮʠʷ ʩʲʦʙʱʘʚʘ, ʯʝ ʥʘʤʘʣʝʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʤʠʥʝʨʘʣʥʠ 
ʘʟʦʪʥʠ ʪʦʨʦʚʝ ʩʝ ʜʲʣʞʠ ʦʩʥʦʚʥʦ ʥʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʮʝʥʘʪʘ 
ʥʘ ʪʦʨʦʚʝʪʝ, ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʠʦʣʦʛʠʯʥʦʪʦ ʟʝʤʝʜʝʣʠʝ, 
ʢʘʢʪʦ ʠ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʠʥʠʮʠʘʪʠʚʠ ʟʘ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝ 
ʥʘ ʜʦʙʨʠ ʧʨʘʢʪʠʢʠ ʚ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʨʦʚʝʪʝ [2, 3]. 

 

 
Fig. 1 - GHG emissions from the European Union-27 (total GHG emissions and emissions from agriculture) / 
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Å 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 

 Å ʈʫʤʲʥʠʷ. ʇʨʦʤʝʥʠʪʝ ʚ ʨʝʞʠʤʘ ʥʘ ʢʣʠʤʘʪʘ ʥʘ 

ʈʫʤʲʥʠʷ ʩʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʛʣʦʙʘʣʥʠʷ ʢʦʥʪʝʢʩʪ, ʢʘʪʦ ʩʝ 
ʦʪʯʠʪʘʪ ʨʝʛʠʦʥʘʣʥʠ ʦʩʦʙʝʥʦʩʪʠ: ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʱʝ ʙʲʜʝ ʧʦ-ʠʟʨʘʟʝʥʦ ʧʨʝʟ ʣʷʪʦʪʦ, ʘ ʚ 
ʩʝʚʝʨʦʟʘʧʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ɽʚʨʦʧʘ ʥʘʡ-ʠʟʨʘʟʝʥʦ 
ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝ ʦʯʘʢʚʘ ʧʨʝʟ ʟʠʤʘʪʘ. 
ɺʟʠʤʘʡʢʠ  ʧʨʝʜʚʠʜ ʜʘʥʥʠʪʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʨʘʤʢʠʪʝ 
ʥʘ ʏʝʪʚʲʨʪʠʷ ʜʦʢʣʘʜ ʥʘ IPCC ʟʘ ʦʮʝʥʢʘ, ʧʨʠ ʢʦʝʪʦ ʟʘ 
ʈʫʤʲʥʠʷ ʩʝ ʦʯʘʢʚʘ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʩʨʝʜʥʘʪʘ ʛʦʜʠʰʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 1980-1990, ʧʦʜʦʙʥʘ ʥʘ 
ʪʘʟʠ ʩʧʝʮʠʬʠʯʥʘ ʟʘ ʮʷʣʘ ɽʚʨʦʧʘ, ʈʫʤʲʥʠʷ ʩʝ 
ʘʥʛʘʞʠʨʘ, ʚ ʧʲʨʚʠʷ ʧʝʨʠʦʜ ʥʘ ʟʘʜʲʣʞʝʥʠʷ ʟʘ ʧʝʨʠʦʜʘ 
2008-2012 ʛ., ʜʘ ʥʘʤʘʣʠ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 
(GHG ) ʩ 8% ʚ ʩʨʘʚʥʝʥʠʝ ʩ 1989 ʛ. (ʙʘʟʦʚʘ ʛʦʜʠʥʘ) [1]. 
ɺʲʛʣʝʨʦʜʥʠʷʪ ʜʠʦʢʩʠʜ ʝ ʦʩʥʦʚʥʠʷʪ ʧʘʨʥʠʢʦʚ ʛʘʟ 

ʚʲʚ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʈʫʤʲʥʠʷ. ɽʥʝʨʛʠʡʥʠʷʪ ʩʝʢʪʦʨ 
ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʡ-ʚʘʞʥʠʷʪ ʩʝʢʪʦʨ ʚ ʈʫʤʲʥʠʷ, ʢʦʡʪʦ 
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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 
CO2 equivalent. Within the GHG emissions from the 
agriculture sector, the N2O emissions have the largest 
contribution (in 2008, N2O emissions contribution is 
62.04% to the total Agriculture sectorôs CO2 equivalent 
emissions), followed by the CH4 emissions (that account 
for the remaining 37.96%). Over the period 1989ï2008, 
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 year). Agriculture sectorôs CH4 
emissions decreased in 2008 with almost a half the level 
recorded in the base year (-48.8%). In 2008 the country 
reached a big redaction of the GHG emissions without 
LULUCF compare to the base year (46.89%).  

According to the figures, there is a great probability for 
Romania to meet the Kyoto Protocol commitments on the 
limitation of the GHG emissions in the 2008-2012 
commitment period  (www.anpm.ro/docfiles/view/29192).  

ʧʨʝʟ 2008 ʛ. ʝʤʠʪʠʨʘ ʦʢʦʣʦ 69% ʦʪ ʦʙʱʠʪʝ ʥʘʮʠʦʥʘʣʥʠ 
ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ.  ʅʷʢʦʠ ʝʥʝʨʛʦʝʤʢʠ 
ʦʪʨʘʩʣʠ ʚ ʩʪʨʘʥʠʪʝ ʚ ʧʨʝʭʦʜ ʥʘʤʘʣʷʚʘʪ ʩʚʦʡʪʝ 
ʜʝʡʥʦʩʪʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ (Proorocu, 2010). ɿʥʘʯʠʪʝʣʥʠʷʪ ʩʧʘʜ 
ʥʘ ʝʤʠʩʠʠʪʝ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʝʜʭʦʜʥʠʪʝ ʛʦʜʠʥʠ, ʩʘ 
ʚʪʦʨʠʷ ʥʘʡ-ʛʦʣʷʤ % ʩʧʘʜ ʚ ʮʝʣʠʷ ɽʉ. 
ʉʝʢʪʦʨʲʪ ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʧʨʝʟ 2008 ʛ. ʝʤʠʪʠʨʘ 

13,9% ʦʪ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ, ʜʦʩʪʠʛʘʡʢʠ 
20 286.76 Gg CO2 -ʝq. ɺ ʨʘʤʢʠʪʝ ʥʘ  ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʝʤʠʩʠʠʪʝ ʥʘ 
N2O ʠʤʘʪ ʥʘʡ-ʛʦʣʷʤ ʧʨʠʥʦʩ (N2O ʝʤʠʩʠʠ ʩʘ 62.04% ʦʪ 
ʦʙʱʠʪʝ ʠʟʨʘʟʝʥʠ ʢʘʪʦ ʝʢʚʠʚʘʣʝʥʪ CO2), ʩʣʝʜʚʘʥʠ ʦʪ 
ʝʤʠʩʠʠʪʝ ʥʘ CH4 (ʢʦʠʪʦ ʬʦʨʤʠʨʘʪ ʦʩʪʘʥʘʣʠʪʝ 37.96%). 
ʇʨʝʟ ʧʝʨʠʦʜʘ 1989-2008 ʛ. ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 
ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʷ ʩʝʢʪʦʨ ʩʘ ʥʘʤʘʣʝʣʠ ʩ 
49.28%. ɺ ʪʦʟʠ ʩʤʠʩʲʣ ʥʠʟʭʦʜʷʱʠʷʪ ʪʨʝʥʜ ʥʘ ʝʤʠʩʠʠʪʝ 
ʦʪ ʝʥʪʝʨʠʯʥʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ 
ʦʙʦʨʩʢʠʷ ʪʦʨ ʧʨʝʟ ʧʝʨʠʦʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʥʘʤʘʣʝʥʠʝʪʦ 
ʥʘ ʞʠʚʦʪʠʥʩʢʘʪʘ ʧʦʧʫʣʘʮʠʷ. ʆʪʯʠʪʘ ʩʝ ʟʥʘʯʠʪʝʣʥʦ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʦʨʠʟ ʚ 
ʩʨʘʚʥʝʥʠʝ ʩ ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ 1989ʛ (75,86 %). ʇʨʝʟ 
2008 ʛ. ʝʤʠʩʠʠʪʝ ʥʘ CH4 ʦʪ ʟʝʤʝʜʝʣʩʢʠʷ ʩʝʢʪʦʨ ʩʘ 
ʥʘʤʘʣʷʣʠ ʩ ʧʦʯʪʠ ʧʦʣʦʚʠʥ ʥʠʚʦ ʩʧʨʷʤʦ ʙʘʟʦʚʘʪʘ 
ʛʦʜʠʥʘ (-48,8%). ʉʪʨʘʥʘʪʘ ʧʦʩʪʠʛʥʘ ʛʦʣʷʤ ʨʝʜʫʢʮʠʷ ʥʘ 
ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ, ʙʝʟ LULUCF 
ʩʨʘʚʥʝʥʠʝ ʩ ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ (46,89%). 
ʉʧʦʨʝʜ ʜʘʥʥʠʪʝ ʠʤʘ ʛʦʣʷʤʘ ʚʝʨʦʷʪʥʦʩʪ ʈʫʤʲʥʠʷ 

ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʘʥʛʘʞʠʤʝʥʪʠʪʝ ʧʦ ʇʨʦʪʦʢʦʣʘ ʦʪ ʂʠʦʪʦ 
ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚ 
ʧʝʨʠʦʜʘ 2008-2012. (www.anpm.ro/docfiles/view/29192). 

 

 
Fig. 2 - Total GHG emissions in Tg CO2-eq /  
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Å Bulgaria. Bulgaria is situated in the Southeast part of 

the Balkan Peninsula. The country has a territory of 
110,993.6 sq. 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.  

 Å ɹ̡ ʣʛʘʨʠʷ. ɹʲʣʛʘʨʠʷ ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʚ ʶʛʦʠʟʪʦʯʥʘʪʘ 

ʯʘʩʪ ʥʘ ɹʘʣʢʘʥʩʢʠʷ ʧʦʣʫʦʩʪʨʦʚ. ʉʪʨʘʥʘʪʘ ʠʤʘ ʧʣʦʱ ʦʪ 
110,993.6 ʢʚ. ʢʤ, ʛʨʘʥʠʯʠ ʩ ɻʲʨʮʠʷ ʠ ʊʫʨʮʠʷ ʥʘ ʶʛ, ʈʝʧʫʙʣʠʢʘ 
ʄʘʢʝʜʦʥʠʷ ʥʘ ʟʘʧʘʜ, ʈʫʤʲʥʠʷ ʥʘ ʩʝʚʝʨ. ʂʣʠʤʘʪʲʪ ʚ 
ɹʲʣʛʘʨʠʷ ʝ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʝʥ, ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠ. 
ɹʲʣʛʘʨʠʷ ʝ ʜʦʤʠʥʠʨʘʥʘ ʦʪ ʧʣʘʥʠʥʠ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ 
ɼʫʥʘʚʩʢʘʪʘ ʨʘʚʥʠʥʘ ʥʘ ʩʝʚʝʨ, ʢʦʷʪʦ ʩʧʦʜʝʣʷ ʩ ʈʫʤʲʥʠʷ. 
ʇʦʨʘʜʠ ʛʝʦʛʨʘʬʩʢʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʠʷ 
ʪʝʨʝʥ, ʢʦʥʪʨʘʩʪʠʪʝ ʚ ʢʣʠʤʘʪʘ ʩʘ ʨʘʟʣʠʯʥʠ ʚ ʦʪʜʝʣʥʠʪʝ 
ʨʝʛʠʦʥʠ. ʂʣʠʤʘʪʲʪ ʝ ʩ ʯʝʪʠʨʠ ʦʪʣʠʯʠʪʝʣʥʠ ʩʝʟʦʥʠ ʠ ʚʘʨʠʨʘ ʚ 
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʜʤʦʨʩʢʘʪʘ ʚʠʩʦʯʠʥʘ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ. ʅʘ 
ʙʨʝʛʘ ʥʘ ʏʝʨʥʦ ʤʦʨʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʤʝʢʘ ʟʠʤʘ, ʟʘ 
ʨʘʟʣʠʢʘ ʦʪ ʩʫʨʦʚʠʪʝ ʟʠʤʥʠ ʫʩʣʦʚʠʷ ʚ ʮʝʥʪʨʘʣʥʠʪʝ 
ʨʘʚʥʠʥʠ ʥʘ ʩʝʚʝʨ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ 
ʪʝʥʜʝʥʮʠʷʪʘ ʝ ʢʲʤ ʧʦ-ʪʦʧʲʣ ʠ ʧʦ-ʩʫʭ ʢʣʠʤʘʪ. 
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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 CO2 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 CO2 emissions form the largest share of 78 
% from the overall GHG emissions expressed in CO2 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 N2O is 310 times higher than the GWP of the CO2. 

ʇʨʝʟ 2010 ʛ. ɹʲʣʛʘʨʠʷ ʠʟʛʦʪʚʷ ʇʝʪʦ ʥʘʮʠʦʥʘʣʥʦ 
ʩʲʦʙʱʝʥʠʝ ʟʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. ɽʤʠʩʠʠ 
ʟʘ 2008 ʛʦʜʠʥʘ ʩʘ 42,83% ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʙʘʟʦʚʘʪʘ 1988 
ʛ. ʠ ʨʝʛʠʩʪʨʠʨʘ ʥʘʤʘʣʷʚʘʥʝ ʩ 4,36% ʚ ʩʨʘʚʥʝʥʠʝ ʩ 
ʧʨʝʜʭʦʜʥʘʪʘ 2007 ʛʦʜʠʥʘ. ɽʤʠʩʠʠʪʝ ʥʘʤʘʣʷʚʘʪ ʨʷʟʢʦ 
ʧʨʝʟ 1990ʛ ʚʲʚ ʚʩʠʯʢʠ ʩʝʢʪʦʨʠ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ 
ʠʢʦʥʦʤʠʯʝʩʢʦʪʦ ʧʨʝʩʪʨʫʢʪʫʨʠʨʘʥʝ ʠ ʢʨʠʟʠ. ʊʝ ʦʩʪʘʚʘʪ 
ʦʪʥʦʩʠʪʝʣʥʦ ʩʪʘʙʠʣʥʠ ʤʝʞʜʫ 2000 ʠ 2007ʛ. ɺ 
ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʷ ʩʝʢʪʦʨ, ʝʤʠʩʠʠʪʝ ʩʘ ʥʘʤʘʣʝʣʠ ʩ ʥʘʜ 
70%. ʀʥʚʝʥʪʘʨʠʟʘʮʠʷʪʘ ʥʘ ʇɻ ʧʦʢʘʟʚʘ, ʯʝ ʦʙʱʠʪʝ 
ʝʤʠʩʠʠ ʥʘ ʇɻ ʠʟʨʘʟʝʥʠ ʯʨʝʟ CO2 ʝq. ʩʘ 75 792,79 Gg 
ʢʘʪʦ ʩʝ ʦʪʯʠʪʘ ʧʦʛʣʲʱʘʥʝʪʦ / ʠʟʤʝʥʝʥʠʝ ʚ ʟʝʤʝʧʦʣʟʚʘʥʝʪʦ ʠ 
ʛʦʨʩʢʦ ʩʪʦʧʘʥʩʪʚʦ. ʅʝʪʥʠʪʝ ʝʤʠʩʠʠ (ʚʢʣʶʯʠʪʝʣʥʦ 
ʧʦʛʣʲʱʘʥʝʪʦ ʦʪ LUCF) ʩʘ 68 990,89 Gg. ɸʥʘʣʠʟʲʪ 
ʧʦʢʘʟʚʘ, ʯʝ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʩʘ ʩ ʥʘʡ-ʛʦʣʷʤ ʜʷʣ ʦʪ 
78% ʦʪ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʇɻ, ʠʟʨʘʟʝʥʠ ʚ CO2 ʝq. 
ɽʤʠʩʠʠʪʝ ʥʘ CH4 ʩʘ ʥʘ ʚʪʦʨʦ ʤʷʩʪʦ ʩ 15%, ʘ ʝʤʠʩʠʠʪʝ 
ʥʘ N2O ʩ 7% ʜʷʣ ʩʘ ʥʘ ʪʨʝʪʦ ʤʷʩʪʦ. ʅʦ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʦʪʙʝʣʝʞʠ, ʯʝ ʧʦʪʝʥʮʠʘʣʘ ʟʘ ʛʣʦʙʘʣʥʦ ʟʘʪʦʧʣʷʥʝ 
(GWP) ʥʘ N2O ʝ 310 ʧʲʪʠ ʧʦ-ʚʠʩʦʢ ʦʪ GWP ʥʘ CO2.  

 

 
Fig. 3 - Emission trends-Agricultural soils (www.anpm.ro/docfiles/view/29192 /  
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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 CO2 eq/capita) are less 

than the value of the indicators in EU-27 (4, 6). 

GHG emissions from sector ĂAgricultureò, result from 

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 sector ĂAgricultureò are grouped in 

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 N2O emissions of the sector. In total, the N2O 

emissions, expressed in CO2-eq for 2008, are 2 times 

bigger than the Cʅ4 emissions in CO2 eq. 

 ɼeʣʲʪ ʥʘ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʥʘ ʩʪʨʘʥʘʪʘ ʩʧʨʷʤʦ 

ʪʝʟʠ ʥʘ ɽʉ-27 ʝ ʤʥʦʛʦ ʤʘʣʢʘ ʯʘʩʪ (1,8%). ɽʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ 

ʛʘʟʦʚʝ ʥʘ ʛʣʘʚʘ ʦʪ ʥʘʩʝʣʝʥʠʝʪʦ ( 7,8 t CO2 ʝʢʚ/ʛʣʘʚʘ ʦʪ ʥʘʩʝʣʝʥʠʝʪʦ) 

ʩʘ ʧʦ-ʤʘʣʢʦ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʦʢʘʟʘʪʝʣʷ ʚ ɽʉ-27 (4, 6). 

ɽʤʠʩʠʠʪʝ ʥʘ ʇɻ ʦʪ ʩʝʢʪʦʨ "ɿʝʤʝʜʝʣʠʝ" ʩʘ ʨʝʟʫʣʪʘʪ 

ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʜʝʡʥʦʩʪʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʥʘ ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʦʜʫʢʮʠʷ, ʪʦʨʝʥʝʪʦ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʦʙʦʨʩʢʠʷ ʪʦʨ ʠ ʠʤʘʪ ʜʷʣ ʦʪ 9,6% ʦʪ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ 

ʇɻ. ɽʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʩʝʢʪʦʨ "ɿʝʤʝʜʝʣʠʝ" 

ʩʘ ʛʨʫʧʠʨʘʥʠ ʚ ʩʣʝʜʥʠʪʝ ʛʨʫʧʠ: ʝʥʪʝʨʠʯʥʘ ʬʝʨʤʝʥʪʘʮʠʷ ʦʪ 

ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʪʝ ʞʠʚʦʪʥʠ; ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʦʙʦʨʩʢʠʷ ʪʦʨ; 

ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʦʨʠʟ; ʝʤʠʩʠʠ ʦʪ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ; 

ʠʟʛʘʨʷʥʝ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʦʩʪʘʪʲʮʠ. ʅʘʡ-ʛʦʣʷʤ ʝ 

ʜʝʣʲʪ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʦʙʨʘʙʦʪʚʘʝʤʠʪʝ ʧʦʯʚʠ. ʊʷ ʝ 

ʦʢʦʣʦ 89,02% ʧʨʝʟ 2008 ʛ. ʠ ʟʘ ʮʝʣʠʷ ʧʝʨʠʦʜ 1988-2008 

ʛ. ʜʝʣʲʪ ʝ ʚ ʜʠʘʧʘʟʦʥʘ 82-89%. ɽʤʠʩʠʠʪʝ ʥʘ N2O ʦʪ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʞʠʚʦʪʠʥʩʢʠ ʦʪʧʘʜʲʮʠ ʠ ʠʟʛʘʨʷʥʝ ʥʘ 

ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʦʩʪʘʪʲʮʠ, ʢʦʠʪʦ ʩʘ ʦʪ ʝʜʠʥ ʧʦʨʷʜʲʢ ʩʘ 

ʦʢʦʣʦ 11-18 % ʦʪ ʥʝʪʥʠʪʝ ʝʤʠʩʠʠ ʥʘ N2O ʦʪ ʩʝʢʪʦʨʘ. 

ʂʘʪʦ ʮʷʣʦ, ʝʤʠʩʠʠʪʝ ʥʘ N2O , ʠʟʨʘʟʝʥʠ ʚ CO2 -ʝʢʚ ʟʘ 

2008ʛ., ʩʘ ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʷʤʠ ʦʪ ʝʤʠʩʠʠʪʝ ʥʘ CH4 ʚ 

CO2 ʝʢʚ . 
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Fig. 4 - GHG emissions from sector ĂAgricultureò /  
ɽʤʠʩʠʠ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʩʝʢʪʦʨ Ăɿʝʤʝʜʝʣʠʝò 

 
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 1989ï2008, 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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 ɿɸʂʃʖʏɽʅʀʗ 
ʖʞʥʘ ɽʚʨʦʧʘ ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʠʝʪʦ ʩʘ ʩʠʣʥʦ ʟʘʩʝʛʥʘʪʠ ʦʪ 

ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ, ʧʦʨʘʜʠ ʢʦʤʙʠʥʠʨʘʥʠʷ ʝʬʝʢʪ ʦʪ 
ʚʠʩʦʢʠʪʝ ʧʦʚʠʰʝʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʥʘʤʘʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ 
ʚʘʣʝʞʠʪʝ. ʇʨʝʟ ʧʝʨʠʦʜʘ 1989-2008 ʛ. ʝʤʠʩʠʠʪʝ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʩʝʢʪʦʨ ʟʝʤʝʜʝʣʠʝ ʥʘʤʘʣʷʚʘʪ ʚ 
ɹʲʣʛʘʨʠʷ ʠ ʈʫʤʲʥʠʷ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ 
ʩʠʪʫʘʮʠʷ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʝʭʦʜʥʠʷ ʧʝʨʠʦʜ ʢʲʤ ʧʘʟʘʨʥʘ 
ʠʢʦʥʦʤʠʢʘ. ɼʝʣʲʪ ʥʘ ʦʙʱʠʪʝ ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 
ʥʘ ʩʪʨʘʥʘʪʘ ʝ ʤʥʦʛʦ ʤʘʣʢʘ ʯʘʩʪ (1,8%) ʩʧʨʷʤʦ ʪʝʟʠ ʥʘ 
ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ-27. ʆʙʠʢʥʦʚʝʥʦ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʝ 
ʚʪʦʨʠʷ ʧʦ ʟʥʘʯʝʥʠʝ ʠʟʪʦʯʥʠʢ  ʥʘ ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ 
ʛʘʟʦʚʝ ʩʣʝʜ ʝʥʝʨʛʠʡʥʠʷ ʩʝʢʪʦʨ. ɹʲʨʟʦʪʦ ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ 
ʩʚʝʪʦʚʥʘ ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʘ ʠʢʦʥʦʤʠʢʘ ʝ ʦʩʥʦʚʥʠʷʪ ʩʪʲʣʙ 
ʥʘ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʧʦʣʠʪʠʢʘ ʥʘ ɽʉ ʦʪʥʦʩʥʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ 
ʢʣʠʤʘʪʘ ʠ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʮʝʣʪʘ ʥʘ ɽʉ ʟʘ 
ʦʛʨʘʥʠʯʘʚʘʥʝ  ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʩʨʝʜʥʘʪʘ ʛʣʦʙʘʣʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 2ÁC. 
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COMPARATIVE CHARACTERISTICS AND EVALUATION OF DIGESTATE FROM BIOGAS 
PRODUCTION WITH PARTICIPATION OF PIG MANURE AND WASTE FROM MARKETS  
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Abstract: Agriculture generates large amounts of 
organic waste. Its management has majority policy 
priority. Lack of electricity in Bulgaria requires seeking 
of alternative clean energy. A great-untapped reserve is 
production of biogas from organic waste, which is 
similar to natural gas in composition and properties. 
Anaerobic fermentation of organic waste and biogas 
production lead to formation of secondary biomass 
(digestate). It is rich in micro- and macronutrients, and 
can be used as an organic reserve in agricultural 
practice. In Bulgaria, there are still no built plants for 
biogas production, but there are several model 
systems. In current study we present chemical and 
agrochemical characteristics of four samples of 
digestate. It is obtained in model installation for biogas 
production using pig manure and fruit wastes. Content 
of organic pollutants and some sanitary-microbiological 
indicators are also studied. Best agrochemical 
indicators have the digestate with ratio of pig manure: 
fruit waste 70: 30. 
 
Keywords: organic waste, biogas production, secondary 
biomass 
 
INTRODUCTION 

One of the main environmental problems of modern 
society is generation of large amounts of waste. In many 
countries, sustainable waste management and its 
reduction have majority policy priority. They have an 
important share of public efforts to reduce overall pollution 
and mitigate global climate change.  

Lack of electricity in Bulgaria requires searching for 
renewable energy sources. Interest in the production of 
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 

 ʈʝʟʶʤʝ: ʉʝʣʩʢʦʩʪʦʧʘʥʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʨʘʩʪʝʥʠʝʚʲʜʩʪʚʦ 
ʠ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦ) ʛʝʥʝʨʠʨʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʥʠ 
ʦʪʧʘʜʲʮʠ. ʊʷʭʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʨʝʮʠʢʣʠʨʘʥʝ ʩʝ ʧʦʣʟʚʘʪ ʩ 
ʤʘʞʦʨʠʪʘʨʝʥ ʧʦʣʠʪʠʯʝʩʢʠ ʧʨʠʦʨʠʪʝʪ. ʅʝʜʦʩʪʠʛʲʪ ʥʘ 
ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʚ ɹʲʣʛʘʨʠʷ ʥʘʣʘʛʘ ʪʲʨʩʝʥʝ ʥʘ ʘʣʪʝʨʥʘʪʠʚʥʠ ʠ 
ʝʢʦʣʦʛʠʯʥʦ ʯʠʩʪʠ ʝʥʝʨʛʠʠ. ɽʜʠʥ ʥʝʠʟʧʦʣʟʚʘʥ ʜʦʩʝʛʘ ʛʦʣʷʤ 
ʨʝʟʝʨʚ ʝ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʙʠʦʛʘʟ ʦʪ ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ, 
ʢʦʡʪʦ ʧʦ ʩʲʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʝ ʤʥʦʛʦ ʙʣʠʟʲʢ ʩ ʧʨʠʨʦʜʥʠʷ ʛʘʟ. 
ʇʨʠ ʘʥʘʝʨʦʙʥʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʦʪʧʘʜʲʮʠ 
ʦʩʚʝʥ ʙʠʦʛʘʟ ʩʝ ʧʦʣʫʯʘʚʘ ʠ ʩʪʨʘʥʠʯʥʘ ʤʘʩʘ, ʥʘʨʝʯʝʥʘ ʙʠʦʰʣʘʤ. 
ɹʠʦʰʣʘʤʲʪ ʝ ʙʦʛʘʪ ʥʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʠ 
ʧʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʦʨʛʘʥʠʯʝʥ 
ʨʝʟʝʨʚ ʚ ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʘʢʪʠʢʘ. ʋ ʥʘʩ ʚʩʝ ʦʱʝ ʥʷʤʘ ʠʟʛʨʘʜʝʥʠ 
ʧʨʦʤʠʰʣʝʥʠ ʠʥʩʪʘʣʘʮʠʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ʥʦ ʠʤʘ 
ʠʟʛʨʘʜʝʥʠ ʥʷʢʦʣʢʦ ʤʦʜʝʣʥʠ ʠʥʩʪʘʣʘʮʠʠ. ʅʘʧʨʘʚʝʥʘ ʝ ʩʨʘʚʥʠʪʝʣʥʘ 
ʭʠʤʠʯʥʘ ʠ ʘʛʨʦʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʧʨʝʜʝʣʝʥʠ ʩʘ ʩʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʦʨʛʘʥʠʯʥʠ ʟʘʤʲʨʩʠʪʝʣʠ, ʩʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ 
ʠ ʜʨ. ʥʘ ʧʨʝʜʦʩʪʘʚʝʥʠʪʝ ʥʠ  4 ʦʙʨʘʟʮʠ ʥʘ ʙʠʦʰʣʘʤ, ʧʦʣʫʯʝʥʠ ʚ 
ʤʦʜʝʣʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ 
ʥʘ ʟʝʣʝʥʯʫʢʦʚʠ ʠ ʧʣʦʜʦʚʠ ʦʪʧʘʜʲʮʠ ʠ ʩʚʠʥʩʢʠ ʪʦʨ ʚ  ʨʘʟʣʠʯʥʦ 
ʩʲʦʪʥʦʰʝʥʠʝ. ʉ ʥʘʡ ʜʦʙʨʠ ʘʛʨʦʭʠʤʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʝ  
ʙʠʦʰʣʘʤʲʪ, ʧʦʣʫʯʝʥ ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʭʦʜʥʠʪʝ ʩʫʨʦʚʠʥʠ 
ʩʚʠʥʩʢʘ ʪʦʨ: ʦʪʧʘʜʲʮʠ ʦʪ ʧʣʦʜʦʚʝ ʠ ʟʝʣʝʥʯʫʮʠ 70%:30%. 
 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʥʘ ʙʠʦʛʘʟ, ʚʪʦʨʠʯʥʘ ʙʠʦʤʘʩʘ 
 
ɺʒɺɽɼɽʅʀɽ 
ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ ʥʘ ʩʲʚʨʝʤʝʥʥʦʪʦ 

ʦʙʱʝʩʪʚʦ ʝ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʦʪʧʘʜʲʮʠ. ɺ 
ʤʥʦʛʦ ʜʲʨʞʘʚʠ ʫʩʪʦʡʯʠʚʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ, ʢʘʢʪʦ 
ʠ ʙʦʨʙʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʨʝʜʫʮʠʨʘʥʝ ʩʝ ʧʦʣʟʚʘʪ ʩ ʤʘʞʦʨʠʪʘʨʝʥ 
ʧʦʣʠʪʠʯʝʩʢʠ ʧʨʠʦʨʠʪʝʪ. ʊʝ ʟʘʝʤʘʪ ʚʘʞʝʥ ʜʷʣ ʦʪ ʦʙʱʝʩʪʚʝʥʠʪʝ 
ʫʩʠʣʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʙʱʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ ʠ ʟʘ 
ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʠʪʝ ʢʣʠʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ. 
ʅʝʜʦʩʪʠʛʲʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʚ ɹʲʣʛʘʨʠʷ ʥʘʣʘʛʘ ʪʲʨʩʝʥʝ 

ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ. ʀʥʪʝʨʝʩʲʪ ʢʲʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʙʠʦʛʘʟ ʦʪ ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ ʩʝ ʟʘʩʠʣʚʘ 
ʚʩʝ ʧʦʚʝʯʝ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ [1]. ʇʦ ʥʘʩʪʦʷʱʝʤ ʧʦʪʝʥʮʠʘʣʥʠʪʝ 

ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʲʣʥʦʮʝʥʥʦ 
- ʧʨʝʨʘʙʦʪʚʘʪ ʩʝ ʥʝʧʨʘʚʠʣʥʦ ʠʣʠ ʩʝ ʜʝʧʦʥʠʨʘʪ, ʧʨʠ ʢʦʝʪʦ ʩʝ 

ʟʘʤʲʨʩʷʚʘ ʧʨʠʨʦʜʥʘʪʘ ʩʨʝʜʘ. ʋ ʥʘʩ ʚʩʝ ʦʱʝ ʥʷʤʘ ʠʟʛʨʘʜʝʥʠ 
ʧʨʦʤʠʰʣʝʥʠ ʠʥʩʪʘʣʘʮʠʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, 

ʥʦ ʠʤʘ ʠʟʛʨʘʜʝʥʠ ʥʷʢʦʣʢʦ ʤʦʜʝʣʥʠ ʠʥʩʪʘʣʘʮʠʠ ʦʪ 
ʢʦʠʪʦ ʩʘ ʥʠ ʧʨʝʜʦʩʪʘʚʝʥʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʙʨʘʟʮʠ [4, 5].  

ɸʥʘʝʨʦʙʥʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ (ɸʌ) ʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʥ ʧʨʦʮʝʩ 
ʥʘ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʘ ʤʘʪʝʨʠʷ, ʚ ʦʪʩʲʩʪʚʠʝ ʥʘ 
ʢʠʩʣʦʨʦʜ ʠ ʝ ʭʘʨʘʢʪʝʨʥʘ ʟʘ ʤʥʦʛʦ ʝʩʪʝʩʪʚʝʥʠ ʩʨʝʜʠ. ɺ ʜʥʝʰʥʦ 
ʚʨʝʤʝ ɸʌ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʠʤʥʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʥʘ ʙʠʦʛʘʟ ʚ ʭʝʨʤʝʪʠʯʥʠ ʨʝʘʢʪʦʨʠ-ʨʝʟʝʨʚʦʘʨʠ, ʥʘʨʠʯʘʥʠ 
ʦʙʠʢʥʦʚʝʥʦ ʙʠʦʨʝʘʢʪʦʨʠ. ʐʠʨʦʢ ʩʧʝʢʪʲʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ 
ʩʘ ʚʲʚʣʝʯʝʥʠ ʚ ʘʥʘʝʨʦʙʥʠʷ ʧʨʦʮʝʩ, ʢʘʪʦ ʦʩʥʦʚʥʠʪʝ ʢʨʘʡʥʠ 
ʧʨʦʜʫʢʪʠ ʩʘ ʙʠʦʛʘʟ ʠ ʚʪʦʨʠʯʥʘ ʙʠʦʤʘʩʘ. ɹʠʦʛʘʟʲʪ ʝ 
ʟʘʧʘʣʠʤ ʛʘʟ, ʩʲʜʲʨʞʘʱ ʤʝʪʘʥ, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʠ 
ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠ ʛʘʟʦʚʝ, ʢʘʢʪʦ ʠ ʜʨʫʛʠ ʝʣʝʤʝʥʪʠ.  
ɺʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ ʝ ʚʪʦʨʠʯʝʥ ʩʫʙʩʪʨʘʪ, ʙʦʛʘʪ ʥʘ ʤʠʢʨʦ 

ʠ ʤʘʢʨʦ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʠ ʧʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʤʦʞʝ ʜʘ 
ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʦʨʛʘʥʠʯʝʥ ʨʝʟʝʨʚ ʚ ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʘʢʪʠʢʘ.  
ɺʲʚ ʬʝʨʤʝʨʩʢʠʪʝ ʩʨʝʜʠ ʩʝ ʧʨʦʷʚʷʚʘ ʠʥʪʝʨʝʩ, ʩʚʲʨʟʘʥ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ  ʚʲʚ ʚʨʲʟʢʘ ʩ ʥʝʜʦʩʪʠʛʘ 
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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 
qualitative 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 1 ï 70% pig manure: 30% plant waste; 
- Digestate 2 ï 50% pig manure: 50% plant waste; 
- Digestate 3 ï 30% pig manure: 70% plant waste; 
- Digestate 4 ï 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:  

- pH ï BSS (Bulgarian State Standard) EN 12176;  
- Moisture and solids ï BSS EN 12880;  
- Total content of heavy metals ï BSS EN 13346;  
- Total nitrogen ï BSS EN 13342;  
- Ammonium nitrogen ï ISO 7150 -1;  
- Nitrate nitrogen ï BSS ISO 7890-3;  
- Organic carbon ï BSS EN 13137;  
- Mobile forms of phosphorous and potassium ï 

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 

ʥʘ ʦʨʛʘʥʠʯʥʠ ʠʟʪʦʯʥʠʮʠ ʚ ʥʘʰʘʪʘ ʩʪʨʘʥʘ, ʥʘʨʫʰʝʥʠʷ ʙʘʣʘʥʩ 
ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʚ ʙʲʣʛʘʨʩʢʠʪʝ ʧʦʯʚʠ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ 
ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ, ʚ ʥʘʮʠʦʥʘʣʝʥ ʤʘʱʘʙ. 
ɺʪʦʨʠʯʥʘʪʘ ʙʠʦʤʘʩʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʮʝʥʝʥ ʪʦʨ, ʙʦʛʘʪ ʥʘ 

ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ ʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ ʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʘʛʘ ʚʲʨʭʫ 
ʧʦʯʚʘʪʘ ʩ ʦʙʠʯʘʡʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʪʦʨʝʥʝ ʩ ʪʝʯʥʠ ʪʦʨʦʚʝ ʠ 
ʨʘʟʪʚʦʨʠ. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʝʩʥʠʷ ʦʙʦʨʩʢʠ ʪʦʨ, ʚʪʦʨʠʯʥʘʪʘ 
ʙʠʦʤʘʩʘ ʠʤʘ ʧʦʜʦʙʨʝʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʥʘʪʦʨʷʚʘʥʝʪʦ 
ʧʦʨʘʜʠ ʭʦʤʦʛʝʥʥʦʩʪʪʘ ʡ ʠ ʧʦ-ʚʠʩʦʢʘʪʘ ʭʨʘʥʠʪʝʣʥʘ ʩʪʦʡʥʦʩʪ, 
ʧʦ-ʜʦʙʨʦ ʦʪʥʦʰʝʥʠʝ C/N ʠ ʧʦʯʪʠ ʣʠʧʩʘ ʥʘ ʤʠʨʠʟʤʘ ʠ ʜʨ. 
ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ: 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʮʝʥʢʘ ʥʘ ʚʪʦʨʠʯʥʠʷ ʩʫʙʩʪʨʘʪ ʠʣʠ ʪ.ʥ. 
ʙʠʦʰʣʘʤ, ʢʦʡʪʦ ʩʝ ʧʦʣʫʯʘʚʘ  ʥʘ ʠʟʭʦʜʘ ʥʘ ʙʠʦʛʘʟʦʚʘ 
ʤʦʜʝʣʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠ ʤʝʪʘʥʦʚʘ ʬʝʨʤʝʥʪʘʮʠʷ.  

 
ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʀ  

ɿʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʘʯʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 
ʢʘʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʙʠʦʰʣʘʤ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʨʘʟʣʠʯʥʠʪʝ ʦʨʛʘʥʠʯʥʠ ʤʘʪʝʨʠʘʣʠ, ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ 
ʩʫʨʦʚʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʙʠʦʛʘʟ. ʂʘʯʝʩʪʚʝʥʘʪʘ 
ʦʮʝʥʢʘ ʚʢʣʶʯʚʘ ʭʠʤʠʯʥʘ ʠ ʘʛʨʦʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʥʘ ʙʠʦʰʣʘʤʘ, ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʥʠ ʟʘʤʲʨʩʠʪʝʣʠ, 
ʩʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʠ ʜʨ. 
ʇʨʝʜʦʩʪʘʚʝʥʠ ʥʠ ʙʷʭʘ 4 ʦʙʨʘʟʮʠ ʥʘ ʙʠʦʰʣʘʤ, ʧʦʣʫʯʝʥʠ 

ʚ ʤʦʜʝʣʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ʯʨʝʟ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʟʝʣʝʥʯʫʢʦʚʠ ʠ ʧʣʦʜʦʚʠ ʦʪʧʘʜʲʮʠ ʠ ʩʚʠʥʩʢʠ 
ʪʦʨ ʚ ʨʘʟʣʠʯʥʦ ʩʲʦʪʥʦʰʝʥʠʝ:  
- ɯ-ʚʠ ʙʠʦʰʣʘʤ- 70% ʩʚʠʥʩʢʠ ʪʦʨ: 30% ʨʘʩʪʠʪʝʣʥʠ ʦʪʧʘʜʲʮʠ; 
- ɯɯ-ʨʠ ʙʠʦʰʣʘʤ - 50% ʩʚʠʥʩʢʠ ʪʦʨ: 50% ʨʘʩʪʠʪʝʣʥʠ ʦʪʧʘʜʲʮʠ; 
- ɯɯɯ-ʪʠ ʙʠʦʰʣʘʤ - 30% ʩʚʠʥʩʢʠ ʪʦʨ: 70% ʨʘʩʪʠʪʝʣʥʠ ʦʪʧʘʜʲʮʠ; 
- ɯV-ʪʠ ʙʠʦʰʣʘʤ - 100% ʨʘʩʪʠʪʝʣʥʠ ʦʪʧʘʜʲʮʠ. 
ʉ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʷʭ ʙʝ ʟʘʣʦʞʝʥ ʚʝʛʝʪʘʮʠʦʥʝʥ ʦʧʠʪ ʩ 

ʮʝʣ ʜʘ ʩʝ ʧʨʝʮʝʥʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠʤ ʢʘʪʦ ʪʦʨʦʚʦ 
ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʜʦʙʠʚʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʪʝʩʪʚʘʥʠʪʝ ʟʝʤʝʜʝʣʩʢʠ ʢʫʣʪʫʨʠ [3, 7].  
ɿʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʥʘ ʙʠʦʰʣʘʤʘ ʠ ʩʝ ʫʩʪʘʥʦʚʷʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 

ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʘʢʪʠʢʘ, ʧʨʦʜʫʢʪʠʪʝ ʩʘ 
ʘʥʘʣʠʟʠʨʘʥʠ, ʩʲʛʣʘʩʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʘʨʝʜʙʘʪʘ ʟʘ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ [6].  
ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʭʠʤʠʯʥʠ ʠ ʘʛʨʦʭʠʤʠʯʥʠ 

ʧʦʢʘʟʘʪʝʣʠ: pH, ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ, ʦʙʱʠ ʠ ʧʦʜʚʠʞʥʠ 
ʬʦʨʤʠ ʥʘ ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ, ʢʘʣʮʠʡ ʠ ʤʘʛʥʝʟʠʡ, 
ʩʷʨʘ ʠ ʥʷʢʦʠ ʦʪ ʪʦʢʩʠʯʥʠʪʝ ʪʝʞʢʠ ʤʝʪʘʣʠ ʠ ʘʨʩʝʥ. 
ʇʨʦʚʝʜʝʥʠ ʩʘ ʠ ʩʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. 
ɿʘ ʠʟʤʝʨʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ 

ʠ ʪʝʞʢʠ ʤʝʪʘʣʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʤʝʪʦʜʠ:  
- ʨʅ- ɹɼʉ EN 12176,  
- ɺʣʘʛʘ ʠ ʩʫʭ ʦʩʪʘʪʲʢ ɹɼʉ EN 12880; 
- ʆʙʱʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ɹɼʉ EN 13346; 
- ʆʙʱ ʘʟʦʪ ɹɼʉ EN 13342; 
- ɸʤʦʥʠʝʚ ʘʟʦʪ ɹɼʉ ISO 7150-1; 
- ʅʠʪʨʘʪʝʥ ʘʟʦʪ ɹɼʉ ISO 7890-3p 
- ʆʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ɹɼʉ EN 13137; 
- ʇʦʜʚʠʞʥʠ ʬʦʨʤʠ ʥʘ ʈ ʠ ʂ ʧʦ ʘʮʝʪʘʪʥʦ -ʣʘʢʪʘʪʝʥ 

ʤʝʪʦʜ [2].  
 
ʈɽɿʋʃʊɸʊʀ 
ɸʛʨʦʭʠʤʠʯʥʘʪʘ ʠ ʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ɯ-ʚʠ ʙʠʦʰʣʘʤ 

(ʠʟʭʦʜʥʠ ʧʨʦʜʫʢʪʠ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 70% ʩʚʠʥʩʢʠ ʪʦʨ ʠ 30% 
ʧʣʦʜʦʚʠ ʦʪʧʘʜʲʮʠ) ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʪʘʙʣʠʮʘ 1. ʈʝʘʢʮʠʷʪʘ ʥʘ 
ʩʨʝʜʘʪʘ ʝ ʩʣʘʙʦ ʘʣʢʘʣʥʘ - ʨʅ 7,62. ʍʠʤʠʯʥʘʪʘ ʨʝʘʢʮʠʷ ʥʘ 
ʩʨʝʜʘʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 
ʚʦʜʦʨʦʜʥʠʪʝ ʠ ʭʠʜʨʦʢʩʠʣʥʠ ʡʦʥʠ ʚ ʨʘʟʪʚʦʨʘ. ʇʦʨʘʜʠ ʩʣʘʙʦ 
ʘʣʢʘʣʥʘʪʘ ʩʠ ʨʝʘʢʮʠʷ ʚʥʘʩʷʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ 
ʦʪ ɯ-ʚʠʷ ʙʠʦʰʣʘʤ ʚ ʧʦʯʚʘʪʘ ʙʠ ʜʦʚʝʣʦ ʜʦ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 
ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʠ ʧʘʨʘʤʝʪʨʠ. ʆʙʱʠʷʪ ʢʘʣʮʠʡ ʠ ʤʘʛʥʝʟʠʡ 
ʩʘ ʩʲʦʪʚʝʪʥʦ 7.60% ʠ 2.89%. ʂʘʣʮʠʷʪ ʠ ʤʘʛʥʝʟʠʷʪ ʩʘ ʥʝʟʘʤʝʥʠʤʠ 
ʭʨʘʥʠʪʝʣʥʠ ʬʠʪʦʤʘʢʨʦʝʣʝʤʝʥʪʠ ʠ ʚʥʘʩʷʥʝʪʦ ʠʤ ʚ ʧʦʯʚʘʪʘ 
ʱʝ ʜʦʚʝʜʝ ʜʦ ʧʦ-ʜʦʙʲʨ ʭʨʘʥʠʪʝʣʝʥ ʨʝʞʠʤ, ʥʝʦʙʭʦʜʠʤ ʟʘ 
ʥʦʨʤʘʣʥʦʪʦ ʧʨʦʪʠʯʘʥʝ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʧʨʠ 



INTERNATIONAL SYMPOSIUM
   

 

 

95 

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) ï 5.48%; N (NO3) ï 0.53%; 

P ï 0.54%; K ï 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.  

The content of heavy metals and arsenic (ʊable 1) 
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. 

ʨʘʩʪʝʥʠʷʪʘ. ʊʦʟʠ ʙʠʦʰʣʘʤ ʩ ʫʩʧʝʭ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 
ʢʘʪʦ ʧʦʯʚʝʥ ʧʦʜʦʙʨʠʪʝʣ ʧʨʠ ʢʠʩʝʣʠ ʧʦʯʚʠ, ʟʘʱʦʪʦ ʯʘʩʪ 
ʦʪ ʧʦʯʚʝʥʘʪʘ ʢʠʩʝʣʠʥʥʦʩʪ ʱʝ ʩʝ ʥʝʫʪʨʘʣʠʟʠʨʘ.  
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱʠʪʝ ʬʦʨʤʠ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ 

ʝʣʝʤʝʥʪʠ ï ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʩʘ ʩʲʦʪʚʝʪʥʦ 10,80%, 
7,67% ʠ 9,02% ʢʲʤ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦ ʚʝʱʝʩʪʚʦ. ʀʟʭʦʞʜʘʡʢʠ 
ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ, ʦʪʯʝʪʝʥʦ ʚ 
ʙʠʦʰʣʘʤʘ /ʦʢʦʣʦ 1%/, ʨʝʘʣʥʦ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʦʙʱʠʷ ʘʟʦʪ 
ʩʘ 0,11%, 0,08% ʦʙʱ ʬʦʩʬʦʨ ʠ 0,099% ʦʙʱ ʢʘʣʠʡ.  
ʆʩʥʦʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʚ 

ʘʛʨʦʭʠʤʠʷʪʘ ʢʘʪʦ ʤʦʙʠʣʥʠ ʠ ʥʝʤʦʙʠʣʥʠ. ʀʜʝʷʪʘ ʟʘ ʧʦʜʚʠʞʥʦʩʪʪʘ 
ʠʤ ʝ ʚʘʞʥʘ ʟʘ ʧʣʦʜʦʨʦʜʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ ʠ ʩʠʣʥʦ ʚʣʠʷʝ ʚʲʨʭʫ 
ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʚʥʘʩʷʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʨʦʚʝ ʠ ʧʦʯʚʝʥʠ 
ʧʦʜʦʙʨʠʪʝʣʠ. ɸʢʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʦʜʚʠʞʥʠʪʝ ʬʦʨʤʠ ʥʘ 
ʜʘʜʝʥ ʭʨʘʥʠʪʝʣʝʥ ʝʣʝʤʝʥʪ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʝʤʠ, ʪʦ ʪʦʚʘ ʱʝ 
ʦʩʠʛʫʨʠ ʧʨʠʥʮʠʧʥʦ ʦʧʪʠʤʘʣʥʦʪʦ ʤʫ ʠʟʧʦʣʟʚʘʥʝ ʦʪ ʨʘʩʪʝʥʠʷʪʘ.  
ʇʨʠ ʪʦʟʠ ʙʠʦʰʣʘʤ ʧʦʜʚʠʞʥʠʪʝ ʬʦʨʤʠ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʩʘ ʩʲʩ ʩʣʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ - ʧʦʜʚʠʞʝʥ 
NïNH4-5.48 %, ʧʦʜʚʠʞʝʥ NïNO3-0,53%, ʧʦʜʚʠʞʝʥ P-
0,54%, ʧʦʜʚʠʞʝʥ K-1,25%.  
ʆʪ ʜʘʥʥʠʪʝ ʟʘ ʭʠʤʠʯʥʠʷ ʩʲʩʪʘʚ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʠʟʩʣʝʜʚʘʥʝ 

ʙʠʦʰʣʘʤ ɯ ʩʝ ʚʠʞʜʘ, ʯʝ ʪʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʪʦʯʥʠʢ ʥʘ ʚʘʞʥʠ ʟʘ 
ʨʘʩʪʝʥʠʷʪʘ ʭʨʘʥʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ, ʢʘʪʦ ʬʦʩʬʦʨ, ʢʘʣʠʡ, ʘʟʦʪ, 
ʤʘʛʥʝʟʠʡ, ʢʘʣʮʠʡ, ʞʝʣʷʟʦ, ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ʠ ʜʨ. ʠ ʩ 
ʝʜʥʘ ʘʜʝʢʚʘʪʥʦ ʧʦʜʙʨʘʥʘ ʜʦʟʘ ʱʝ ʩʝ ʦʩʠʛʫʨʠ ʧʲʣʥʦʮʝʥʥʦ ʠ 
ʦʧʪʠʤʘʣʥʦ ʭʨʘʥʝʥʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʪʝʞʢʠ ʤʝʪʘʣʠ ʠ ʘʨʩʝʥ, 

ʧʦʩʦʯʝʥʠ ʚ ʪʘʙʣʠʮʘ 1 ʧʦʢʘʟʚʘ, ʯʝ ʠʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ, 
ʩʲʦʙʨʘʟʥʦ ʦʪʯʝʪʝʥʘʪʘ ʨʝʘʢʮʠʷ ʥʘ ʩʨʝʜʘʪʘ, ʩʘ ʧʦʜ ʇɼʂ ʠ ʥʝ 
ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʦʧʘʩʥʦʩʪ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʠʦʰʣʘʤʘ ʚ 
ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʘʢʪʠʢʘ.  

 
Table 1 / ʊʘʙʣʠʮʘ 1 

Chemical and agrochemical characteristics of digestate, used in greenhouse experiments / 
ʍʠʤʠʯʥʘ ʠ ʘʛʨʦʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʙʠʦʰʣʘʤʘ, ʩ ʢʦʡʪʦ ʩʘ ʟʘʣʦʞʝʥʠ ʚʝʛʝʪʘʮʠʦʥʥʠʪʝ ʦʧʧʠʪʠ 

 

Analyses / 
ɸʥʘʣʠʟʠ 

Experiments (types of digestate) / 
ɺʘʨʠʘʥʪʠ (ʚʠʜʦʚʝ ʙʠʦʰʣʘʤ) 

1 
70:30 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

2 
50:50 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

3 
30:70 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

4 
100 

waste /  
ʦʪʧʘʜʲʮʠ 

ʨʅ (ʅ2ʆ) 7.62 / 7,62 7.69 / 7,69 7.70 / 7,70 7.45 / 7,45 

Moisture / 
ɺʣʘʞʥʦʩʪ [%] 

98.90 / 98,90 98.10 / 98,10 98.49 / 98,49 98.87 / 98,87 

Dry matter / 
ʉʫʭʦ ʚʝʱʝʩʪʚʦ [%] 

1.10 / 1,10 1.90 / 1,90 1.51 / 1,51 1.13 / 1,13 

Organic ʉ / 
ʆʨʛʘʥʠʯʝʥ ʉ [%] 

24.88 / 24,88 22.86 / 22,86 19.98 / 19,98 16.02 / 16,02 

Total / ʆʙ  ɦ
ʈ2ʆ5 [%] 

7.67 / 7,67 2.94 / 2,94 2.66 / 2,66 1.33 / 1,33 

Total / ʆʙ  ɦ
N [%] 

10.80 / 10,80 8.02 / 8,02 9.17 / 9,17 7.45 / 7,45 

Total / ʆʙ  ɦ
ʂ2O [%] 

9.02 / 9,02 5.08 / 5,08 6.76 / 6,76 10.40 / 10,40 

Total / ʆʙ  ɦ
ʉʘʆ [%] 

7.60 / 7,60 4.57 / 4,.57 3.54 / 3,54 1.60 / 1,60 

Total / ʆʙ  ɦ
MgO [%] 

2.89 / 2,89 1.32 / 1,32 1.30 / 1,30 0.86 /0,86 

Mobile / ʄʦʙʠʣʝʥ  
N (NH4) [%] 

5.48 / 5,48 2.83 / 2,83 3.59 / 3,59 3.89 / 3,89 

Mobile / ʄʦʙʠʣʝʥ  
N (NO3) [%] 

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 2.73 / 2,73 

S (SO4) (%) 0.10 / 0,10 1.76 / 1,76 1.62 / 1,62 1.08 / 1,08 

As (mg kg
-1
) < 50 < 5 < 5 < 5 

Cd (mg kg
-1
) < 10 < 1 < 1 < 1 

Cr (mg kg
-1
) 13 8 7 5 

Ni (mg kg
-1
) 26 18 18 12 

Cu (mg kg
-1
) 411 360 200 85 

Zn (mg kg
-1
) 1409 1047 808 326 

Pb (mg kg
-1
) 8 5 5 2 

ʅg (mg kg
-1
) < 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 from markets (ʊable 2), shows that 
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 

 ɸʛʨʦʭʠʤʠʯʥʘ ʠ ʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʙʠʦʰʣʘʤ 2 

(ʧʦʣʫʯʝʥ ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʭʦʜʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʚʭʦʜ 
50% ʩʚʠʥʩʢʠ ʪʦʨ: 50% ʧʣʦʜʦʚʠ ʦʪʧʘʜʲʮʠ) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 
ʪʘʙʣʠʮʘ 1. ʇʨʠ ʚʪʦʨʠʷʪ ʙʠʦʰʣʘʤ ʩʝ ʫʩʪʘʥʦʚʠ, ʯʝ ʨʝʘʢʮʠʷʪʘ ʥʘ 
ʩʨʝʜʘʪʘ ʝ ʩʣʘʙʦ ʘʣʢʘʣʥʘ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʥʘʤʘʣʝʥʦ ʩʲʜʲʨʞʘʥʠʝ 
ʥʘ ʦʙʱʠʪʝ ʬʦʨʤʠ ʥʘ ʦʩʥʦʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ ï ʘʟʦʪ, 
ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʙʠʦʰʣʘʤ 1. ʉʲʱʦ ʥʘʤʘʣʷʚʘ ʠ 
ʦʙʱʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ. ʊʦʚʘ ʩʝ ʦʙʷʩʥʷʚʘ 
ʩ ʥʘʤʘʣʝʥʦʪʦ ʫʯʘʩʪʠʝ ʥʘ ʩʚʠʥʩʢʠʷʪ ʪʦʨ, ʥʦʩʠʪʝʣ ʥʘ ʦʩʥʦʚʥʠʪʝ 
ʭʨʘʥʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ ʠ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ. ʅʘʙʣʶʜʘʚʘ ʩʝ 
ʥʘʤʘʣʝʥʠʝ ʠ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʘʣʮʠʡ ʠ ʤʘʛʥʝʟʠʡ. ʇʦʜʚʠʞʥʠʪʝ 
ʬʦʨʤʠ ʥʘ ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʥʝ ʩʘ ʩʝ ʠʟʤʝʥʠʣʠ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ 
ʩʲʱʦ ʪʦʣʢʦʚʘ ʝʬʝʢʪʠʚʝʥ ʟʘ ʭʨʘʥʝʥʝʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ, ʢʦʣʢʦʪʦ 
ʠ ʙʠʦʰʣʘʤ ɯ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʠʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʞʢʠ 
ʤʝʪʘʣʠ ʠ ʘʨʩʝʥ ʝ ʧʦʜ ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
(ʇɼʂ), ʩʲʛʣʘʩʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʘʨʝʜʙʘʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ 
ʥʘ ʫʪʘʡʢʠ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ [6].  
ɸʛʨʦʭʠʤʠʯʥʘ ʠ ʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʙʠʦʰʣʘʤ 3 

(ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠ ʥʘ ʚʭʦʜ 30% ʩʚʠʥʩʢʠ ʪʦʨ: 
70% ʦʪʧʘʜʲʮʠ) ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʪʘʙʣʠʮʘ 1. ɸʥʘʣʠʟʠʨʘʥʠʷʪ 
ʙʠʦʰʣʘʤ ʧʨʠ ʪʦʚʘ ʩʲʦʪʥʦʰʝʥʠʝ ʝ ʩ ʙʣʠʟʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʢʘʪʦ ʙʠʦʰʣʘʤ 2 (ʧʦʣʫʯʝʥ ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ 50%: 50%). 
ʀ ʪʫʢ ʨʝʘʢʮʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ ʝ ʩʣʘʙʦ ʘʣʢʘʣʥʘ.  
ʅʘʙʣʶʜʘʚʘ ʩʝ ʩʲʚʩʝʤ ʩʣʘʙʦ ʧʦʚʠʰʝʥʠʝ ʚ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ 

ʟʘ ʦʙʱʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʧʦʜʚʠʞʥʠʪʝ ʬʦʨʤʠ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ 
ʝʣʝʤʝʥʪʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʙʠʦʰʣʘʤ 2, ʥʦ ʪʝʟʠ ʩʪʦʡʥʦʩʪʠ ʩʘ ʧʦ-
ʥʠʩʢʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʲʨʚʠʷ ʙʠʦʰʣʘʤ (ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ 70%:30%), 
ʢʲʜʝʪʦ ʥʦʩʠʪʝʣ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ ʝ ʩʚʠʥʩʢʠʷ ʪʦʨ. 
ɸʛʨʦʭʠʤʠʯʥʘ ʠ ʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʙʠʦʰʣʘʤ 4 

ʩ ʫʯʘʩʪʠʝ ʩʘʤʦ ʥʘ ʧʣʦʜʦʚʠ ʠ ʟʝʣʝʥʯʫʢʦʚʠ ʦʪʧʘʜʲʮʠ ʥʘ 
ʚʭʦʜ 100% (ʪʘʙʣ. 1). ʇʨʠ ʪʦʚʘ ʩʲʦʪʥʦʰʝʥʠʝ ʣʠʧʩʚʘ ʦʙʦʨʩʢʠ 
ʪʦʨ. ʊʫʢ ʦʪʯʝʪʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʦʩʥʦʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ 
ʝʣʝʤʝʥʪʠ ʠ ʨʅ ʩʘ ʥʘʡ-ʥʠʩʢʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ, 
ʧʨʠ ʢʦʠʪʦ ʫʯʘʩʪʚʘ ʩʚʠʥʩʢʠʷ ʪʦʨ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʝʛʦʚʦʪʦ 
ʧʨʦʮʝʥʪʥʦ ʩʲʦʪʥʦʰʝʥʠʝ. ʊʦʚʘ ʚʘʞʠ ʟʘ ʦʙʱʠʷ ʘʟʦʪ, 
ʬʦʩʬʦʨ, ʢʘʣʮʠʡ, ʤʘʛʥʝʟʠʡ, ʦʨʛʘʥʠʯʝʥ ʉ ʠ ʧʦʜʚʠʞʥʠʪʝ 
ʬʦʨʤʠ ʥʘ ʬʦʩʬʦʨ. ʀʟʢʣʶʯʝʥʠʝ ʧʨʘʚʠ ʧʦ- ʚʠʩʦʢʦʪʦ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʙʱ ʠ ʧʦʜʚʠʞʝʥ ʢʘʣʠʡ, ʢʦʝʪʦ ʚʝʨʦʷʪʥʦ ʩʝ 
ʜʲʣʞʠ ʥʘ ʧʦ-ʛʦʣʷʤʦʪʦ ʤʫ ʫʯʘʩʪʠʝ  ʚ ʠʟʭʦʜʥʠʪʝ ʦʪʧʘʜʲʮʠ 
ʥʘ ʟʝʣʝʥʯʫʮʠ ʠ ʧʣʦʜʦʚʝ ʦʪ ʧʘʟʘʨʠʪʝ. ʀ ʪʫʢ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 
ʪʝʞʢʠ ʤʝʪʘʣʠ ʩʘ ʧʦʜ ʇɼʂ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʦʧʘʩʥʦʩʪ 
ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʠʦʰʣʘʤʘ ʚ ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʘʢʪʠʢʘ.  
ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʦʪʚʲʨʞʜʘʚʘʪ, ʯʝ ʙʠʦʰʣʘʤ 4 ʩʲʜʲʨʞʘ 

ʜʦʩʪʘʪʲʯʥʦ ʭʨʘʥʠʪʝʣʥʠ ʤʘʢʨʦ ʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ ʠ ʤʦʞʝ ʜʘ 
ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʧʦʯʚʝʥ ʧʦʜʦʙʨʠʪʝʣ ʚ ʟʝʤʝʜʝʣʠʝʪʦ. 
ʇʨʠ ʩʨʘʚʥʠʪʝʣʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʯʝʪʠʨʠʪʝ ʙʠʦʰʣʘʤʘ ʥʝ ʩʝ 

ʫʩʪʘʥʦʚʠʭʘ ʛʦʣʝʤʠ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʦʪʜʝʣʥʠʪʝ 
ʧʦʢʘʟʘʪʝʣʠ. ʉ ʥʘʤʘʣʷʚʘʥʝ ʫʯʘʩʪʠʝʪʦ ʥʘ ʩʚʠʥʩʢʠʷ ʪʦʨ ʚ ʠʟʭʦʜʥʠʪʝ 
ʩʫʨʦʚʠʥʠ, ʥʘʤʘʣʷʚʘ ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱʠʪʝ ʢʦʣʠʯʝʩʪʚʘ 
ʥʘ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ʠ ʭʨʘʥʠʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ, ʢʘʪʦ 
ʠʟʢʣʶʯʝʥʠʝ ʧʨʘʚʠ ʢʘʣʠʷʪ. ʅʝʟʥʘʯʠʪʝʣʥʠ ʨʘʟʣʠʯʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 
ʠ ʧʨʠ ʠʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʨʅ. ʅʘʤʘʣʷʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ 
ʥʘ ʪʝʞʢʠʪʝ ʤʝʪʘʣʠ ʚ ʧʦʩʦʢʘ ʦʪ 1-ʚʠ ʢʲʤ 4-ʪʠ ʙʠʦʰʣʘʤ. 
ʉʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʙʠʦʰʣʘʤʘ 

ʉʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ 
ʙʠʦʰʣʘʤ, ʧʦʣʫʯʝʥ ʧʨʠ ʨʘʟʣʠʯʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʚʠʥʩʢʠ 
ʪʦʨ ʠ ʦʪʧʘʜʲʮʠ ʦʪ ʧʘʟʘʨʠʪʝ ʫʩʪʘʥʦʚʷʚʘ (ʪʘʙʣ. 2), ʯʝ ʩʪʦʡʥʦʩʪʠʪʝ 
ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ- ɽ. ʢʦʣʠ, ɽʥʪʝʨʦʢʦʢʠ ʠ 
ʂʦʣʠʬʦʨʤʠ ʩʘ ʚʲʚ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʠ ʩʘ ʥʘʜ ʇɼʂ ʧʦʩʦʯʝʥʠ ʚ 
ʅʘʨʝʜʙʘʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʦʪ ʇʉʆɺ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ 
ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ ʦʪ (ɼʲʨʞʘʚʝʥ ʚʝʩʪʥʠʢ 112, 2004ʛ). ʀʟʢʣʶʯʝʥʠʝ 
ʧʨʘʚʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʉʘʣʤʦʥʝʣʘ, ʯʠʷʪʦ ʩʪʦʡʥʦʩʪ ʝ ʧʦʜ 
ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʇɼʂ). ɺʘʞʝʥ ʧʦʢʘʟʘʪʝʣ, 
ʢʦʡʪʦ ʥʝ ʝ ʠʟʩʣʝʜʚʘʥ ʚʲʚ ʚʩʠʯʢʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʥʘ ʙʠʦʰʣʘʤʘ 
ʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʢʣʦʩʪʨʠʜʠʷ ʧʝʨʬʨʠʥʛʝʥʩ. ʇʨʠ ʧʨʦʚʝʜʝʥʦʪʦ 
ʠʟʩʣʝʜʚʘʥʝ ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ 70:30 ʟʘ ʟʘʣʘʛʘʥʝ ʥʘ 
ʧʲʨʚʠʷ ʚʝʛʝʪʘʮʠʦʥʝʥ ʦʧʠʪ ʝ ʦʧʨʝʜʝʣʝʥ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ, ʥʦ ʦʪʯʝʪʝʥʘʪʘ 
ʩʪʦʡʥʦʩʪ ʝ ʥʘʜ ʇɼʂ (ʪʘʙʣ. 2). ʀʟʭʦʞʜʘʡʢʠ ʦʪ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʧʨʝʜʠ ʠʟʧʦʣʟʚʘʥʝ ʚ ʟʝʤʝʜʝʣʩʢʘʪʘ 
ʧʨʘʢʪʠʢʘ, ʙʠʦʰʣʘʤʘ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʟʘ ʠʟʚʝʩʪʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, 
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agricultural practice. 
After the initial analysis, studied digestate (ratios pig 

manure: waste from markets ï 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. 

ʟʘ ʜʘ ʥʘʩʪʲʧʷʪ ʧʨʦʮʝʩʠʪʝ ʥʘ ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ ʠ ʦʙʝʟʤʠʨʠʩʷʚʘʥʝ. 
ʇʨʦʫʯʝʥʠʷ ʙʠʦʰʣʘʤ (ʚ ʩʲʦʪʥʦʰʝʥʠʝ ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

ʦʪ ʧʘʟʘʨʠʪʝ 50:50; 30:70) ʠ ʦʪʧʘʜʲʮʠ 100% ʩʣʝʜ ʧʲʨʚʦʥʘʯʘʣʝʥ 
ʘʥʘʣʠʟ ʝ ʦʩʪʘʚʝʥ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʧʨʠ ʝʩʪʝʩʪʚʝʥʠ ʫʩʣʦʚʠʷ 
ʠ ʧʝʨʠʦʜʠʯʥʦ ʝ ʨʘʟʙʲʨʢʚʘʥ ʩ ʮʝʣ ʫʩʢʦʨʷʚʘʥʝ ʥʘ 
ʧʨʦʮʝʩʠʪʝ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ. ʉʣʝʜ 5-
ʤʝʩʝʯʝʥ ʧʨʝʩʪʦʡ ʙʝʟ ʧʦʩʪʲʧʚʘʥʝ ʥʘ ʥʦʚʠ ʧʘʨʪʠʜʠ, ʩʘ 
ʚʟʝʪʠ ʧʨʦʙʠ ʦʪ ʧʨʝʩʪʦʷʣʠʷ ʙʠʦʰʣʘʤ ʠ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ 
ʦʪʥʦʚʦ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʱʦ ʥʘ ʪʘʙʣ. 2. 

 
Table 2 / ʊʘʙʣʠʮʘ 2 

Microbiological and parasitological researches of digestate at different ratio of pig manure and fruit waste / 
ʄʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʙʠʦʰʣʘʤ, ʧʨʠ ʨʘʟʣʠʯʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʩʚʠʥʩʢʠ ʪʦʨ ʠ 

ʦʪʧʘʜʲʮʠ ʦʪ ʧʘʟʘʨʠʪʝ 
 

Initial research / ʇʲʨʚʦʥʘʯʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ 

N 
Indicators / 
ʀʥʜʠʢʘʪʦʨʠ 

Salmonella sp. 
presence in 20 g / 
ʥʘʣʠʯʠʝ ʚ 20 g 

Coliforms 
titer/g 

Escherichia coli 
titer/g 

Enterococci 
titer/g 

Clostr. 
perfringens 

titer/g 

1 
70:30 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

in 0.001 / 
ʚ 0.001 

in 0.01 / 
ʚ 0.01 

in 0.001 / 
ʚ 0.001 

in 0.0001 / 
ʚ 0.0001 

2 
50:50 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

4.7ʭ10
3 

/0.0002/ 
4.2ʭ10

2 

/0.00023/ 
5.0ʭ10

4 

/0.0002/ 

Proved presence of bacteria / 
ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 
ʥʘ ʙʘʢʪʝʨʠʠ 

3 
30:70 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

8.2ʭ10
3
 / 

0.00012 
4.0ʭ10

3
 / 

0.00025 
3.9ʭ10

4
 / 

0.00002 

Proved presence of bacteria / 
ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 
ʥʘ ʙʘʢʪʝʨʠʠ 

4 
100% 

Waste / 
ʆʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

1.6ʭ10
3
 / 

0.0006/ 
1.2ʭ10

3
 / 

0.00083/ 
1.9ʭ10

4
 / 

0.00005 

Proved presence of bacteria / 
ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 
ʥʘ ʙʘʢʪʝʨʠʠ 

Requirements / 
ʀʟʠʩʢʚʘʥʠʷ 

Not permitted in 20 g / 
ʅʝ ʩʝ ʜʦʧʫʩʢʘ ʚ 20 g 

> 1 > 1 > 1 > 1 

After 5 months / ʉʣʝʜ 5 ʤʝʩʝʮʘ  

2 
50:50 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

1.3ʭ10
4 

 
2.8ʭ10

2 

/0.0035/ 
1.5ʭ10

5
 

Proved presence of bacteria / 
ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 
ʥʘ ʙʘʢʪʝʨʠʠ 

3 
30:70 

pig manure:waste / 
ʩʚʠʥʩʢʠ ʪʦʨ:ʦʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

3.0ʭ10
2 

/0.0033/ 
1.1ʭ10

2 

/0.0090/ 
1.6ʭ10

3 

/0.0006/ 

Proved presence of bacteria / 
ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 
ʥʘ ʙʘʢʪʝʨʠʠ 

4 
100% 

Waste / 
ʆʪʧʘʜʲʮʠ 

Not isolated / 
ʅʝ ʩʝ ʠʟʦʣʠʨʘ 

4.8ʭ10
3 

/0.0002/ 
2.4ʭ10

2 

/0.0041/ 
2.5ʭ10

4 

/0.00004/ 

Proved presence of bacteria / 
ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 
ʥʘ ʙʘʢʪʝʨʠʠ 

 

Data shows that, after 5 months standing of digestate 
quantities of tested microorganisms decrease (Coli 
forms, Escherichia coli, Enterococci). Exception is 
digestate obtained from 100% waste from markets. 
There were no changes / decreasing for Clostridia 
perfringens in titer/g.  

Therefore, it is necessary to pursue the storage of 

digestate and microbiological studies for determination of 

exact time of standing before use in practice. 

 
CONCLUSIONS 

Á The agrochemical and chemical characteristics of test 
samples of digestate obtained from model installation 
for biogas production with different percentage of pig 
manure and waste from market establishes that it is a 
biomass, rich in macro- and microelements and can 
be used in agricultural practice to maintain and 
improve soil fertility and crop yields.  

Á 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 soil 

 ʆʪ ʜʘʥʥʠʪʝ ʚ ʪʘʙʣʠʮʘʪʘ ʩʝ ʚʠʞʜʘ, ʯʝ ʩʣʝʜ 5 ʤʝʩʝʯʥʦ ʧʨʝʩʪʦʷʚʘʥʝ 
ʚ ʙʠʦʰʣʘʤʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʤʘʣʝʥʠʝ ʚ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ï ʂʦʣʠ ïʌʦʨʤʠ, Escher. coli, 
ɽʥʪʝpʦʢʦʢʠ). ʀʟʢʣʶʯʝʥʠʝ ʧʨʘʚʠ ʙʠʦʰʣʘʤʘ ʧʦʣʫʯʝʥ ʧʨʠ 100% 
ʦʪʧʘʜʲʮʠ ʦʪ ʧʘʟʘʨʠʪʝ. ʅʝ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʠʟʤʝʥʝʥʠʷ/ʥʘʤʘʣʝʥʠʝ 
ʚ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Clostr.Perfringens ʚ ʪʠʪʲʨ/g. 
ʉʣʝʜʦʚʘʪʝʣʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʧʨʦʜʲʣʞʠ ʩʲʭʨʘʥʝʥʠʝʪʦ 

ʥʘ ʙʠʦʰʣʘʤʘ ʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ 
ʧʦʢʘʟʘʪʝʣʠ, ʟʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʪʦʯʥʦ ʚʨʝʤʝʪʦ ʥʘ 
ʧʨʝʩʪʦʡ ʧʨʝʜʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʚ ʧʨʘʢʪʠʢʘʪʘ.  
 
ɿɸʂʃʖʏɽʅʀʗ  

Á ɸʛʨʦʭʠʤʠʯʥʘʪʘ ʠ ʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʙʨʘʟʮʠ 
ʥʘ ʙʠʦʰʣʘʤ, ʧʦʣʫʯʝʥ ʦʪ ʤʦʜʝʣʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 
ʙʠʦʛʘʟ ʩ ʨʘʟʣʠʯʥʦ ʧʨʦʮʝʥʪʥʦ ʫʯʘʩʪʠʝ ʥʘ ʩʚʠʥʩʢʠ ʪʦʨ ʠ ʦʪʧʘʜʲʮʠ 
ʦʪ ʧʘʟʘʨʠʪʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʪʦʡ ʧʨʝʜʩʪʘʚʣʷʚʘ ʙʠʦʤʘʩʘ, ʙʦʛʘʪʘ 
ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʤʘʢʨʦ ʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ ʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ 
ʟʝʤʝʜʝʣʩʢʘʪʘ ʧʨʘʢʪʠʢʘ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʧʦʯʚʝʥʦʪʦ ʧʣʦʜʦʨʦʜʠʝ ʠ ʜʦʙʠʚʠʪʝ ʦʪ ʟʝʤʝʜʝʣʩʢʠ ʢʫʣʪʫʨʠ.  

Á ʎʝʥʥʦʩʪʪʘ ʥʘ ʜʘʜʝʥ ʙʠʦʪʦʨ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʘʢʪʠʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʚ ʥʝʛʦ (ʘʟʦʪ, ʬʦʩʬʦʨ ʠ 
ʢʘʣʠʡ). ʈʘʟʣʠʯʥʦʪʦ ʫʯʘʩʪʠʝ ʥʘ ʩʚʠʥʩʢʠ ʪʦʨ ʠ ʦʪʧʘʜʲʮʠ ʦʪ ʧʘʟʘʨʠʪʝ 
ʧʨʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʙʠʦʰʣʘʤ ʦʧʨʝʜʝʣʷ ʥʘʣʠʯʠʝʪʦ ʥʘ 
ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, ʘ ʦʪ ʪʘʤ ʠ ʥʦʨʤʠʪʝ ʥʘ ʪʦʨʝʥʝ, ʩʲʦʙʨʘʟʥʦ 
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requirements. The best agrochemical indicator has 
digestate, which is produced at ratio of pig manure: 
waste from fruit and vegetables ï 70%: 30%.  

Á 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.  

Á 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.  
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ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʢʫʣʪʫʨʠʪʝ ʠ ʧʦʯʚʠʪʝ. ʉ ʥʘʡ ʜʦʙʨʠ ʘʛʨʦʭʠʤʠʯʥʠ 
ʧʦʢʘʟʘʪʝʣʠ ʝ  ʙʠʦʰʣʘʤʲʪ, ʧʦʣʫʯʝʥ ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʭʦʜʥʠʪʝ 
ʩʫʨʦʚʠʥʠ ʩʚʠʥʩʢʘ ʪʦʨ: ʦʪʧʘʜʲʮʠ ʦʪ ʧʣʦʜʦʚʝ ʠ ʟʝʣʝʥʯʫʮʠ 70%:30%. 

Á ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ ʠʟʭʦʜʥʠʷ ʙʠʦʰʣʘʤ ʧʨʠ ʨʘʟʣʠʯʥʦ 
ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʩʚʠʥʩʢʠ ʪʦʨ ʠ ʦʪʧʘʜʲʮʠ ʦʪ ʧʘʟʘʨʠʪʝ ʝ ʧʦʜ ʥʦʨʤʠʪʝ 
ʥʘ ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ ʠ ʧʦʯʚʠʪʝ ʥʝ ʩʝ ʥʘʪʦʚʘʨʚʘʪ ʩ ʪʝʟʠ ʝʣʝʤʝʥʪʠ. 

Á ʉʘʥʠʪʘʨʥʦ- ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʙʠʦʰʣʘʤ, 
ʧʨʠ ʨʘʟʣʠʯʥʦ ʫʯʘʩʪʠʝ ʥʘ ʩʚʠʥʩʢʠ ʪʦʨ ʠ ʦʪʧʘʜʲʮʠ 
ʫʩʪʘʥʦʚʠʭʘ, ʯʝ ʥʝ ʝ ʥʘʩʪʲʧʠʣʦ ʝʩʪʝʩʪʚʝʥʦ ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ 
ʥʘ ʧʦʣʫʯʝʥʠʷ ʙʠʦʰʣʘʤ, ʩʲʛʣʘʩʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ 
ʅʘʨʝʜʙʘʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ 
ʟʝʤʝʜʝʣʠʝʪʦ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʠʟʩʣʝʜʘʥʠʷʪʘ ʜʘ ʧʨʦʜʲʣʞʘʪ 
ʚ ʪʘʟʠ ʧʦʩʦʢʘ, ʢʘʪʦ ʩʝ ʫʩʪʘʥʦʚʠ ʚʨʝʤʝʪʦ ʥʘ ʧʨʝʩʪʦʡ 
ʠ ʤʝʪʦʜʠʪʝ ʥʘ ʦʙʝʟʟʘʨʘʟʷʚʘʥʝ ʠ ʯʨʝʟ ʚʲʟʜʝʡʩʪʚʠʝʪʦ 
ʤʫ ʚʲʨʭʫ ʜʦʙʠʚʘ, ʭʠʤʠʯʥʠʪʝ, ʘʛʨʦʭʠʤʠʯʥʠ ʠ ʬʠʟʠʢʦ 
-ʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ.  
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ʄʘʨʠʥʦʚʘ ʉ. (2012b) ïʇʨʦʫʯʚʘʥʝ ʥʘ ʘʥʘʝʨʦʙʥʘʪʘ ʢʦ-
ʬʝʨʤʝʥʪʘʮʠʷ ʥʘ ʦʪʧʘʜʲʮʠ ʦʪ ʧʣʦʜʦʚʝ ʠ ʟʝʣʝʥʯʫʮʠ. 
ʇʝʪʘ ʤʝʞʜʫʥʘʨʦʜʥʘ ʥʘʫʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʟʘ ʚʦʜʠʪʝ, 
ʢʣʠʤʘʪʘ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ɹʘʣʚʦʡʩ 2012, ʆʭʨʠʜ, 
ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʷ;  
[6]. ɼʲʨʞʘʚʝʥ ɺʝʩʪʥʠʢ 112 (2004) ï ʅʘʨʝʜʙʘ ʟʘ ʨʝʜʘ ʠ ʥʘʯʠʥʘ 
ʟʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʦʪ ʧʨʝʯʠʩʪʚʘʥʝʪʦ ʥʘ 
ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʠʤ ʚ ʟʝʤʝʜʝʣʠʝʪʦ ï ɹʲʣʛʘʨʠʷ; 

[7]. ɿʣʘʪʘʨʝʚʘ ɽ., ʄʘʨʠʥʦʚʘ ʉʚ., ʇʯʝʣʘʨʦʚʘ ʍʨ., ʊʦʥʯʝʚʘ ʈ., 
ʂʘʮʘʨʦʚʘ ɸ., ʄʠʭʘʡʣʦʚʘ ʉʥ. (2012) ï ʇʨʦʤʝʥʠ ʚ ʩʚʦʡʩʪʚʘʪʘ 
ʥʘ ʧʦʯʚʘʪʘ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʪʦʨʝʥʝ ʩ ʙʠʦʰʣʘʤ, ʧʦʣʫʯʝʥ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ɽʢʦʣʦʛʠʯʥʦ ʠʥʞʝʥʝʨʩʪʚʦ ʠ 

ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ˉ 2, 5-11.  
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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 ( H2O) and heavy metals ï 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), manure 

(fertilizer), sludges, ecological assessment 
 
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 

 ʈʝʟʶʤʝ: ʅʘʧʨʘʚʝʥʘ ʝ ʩʨʘʚʥʠʪʝʣʥʘ  ʝʢʦʣʦʛʠʯʥʘ ʦʮʝʥʢʘ 

ʥʘ ʨʘʟʣʠʯʥʠ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ. 
ʆʮʝʥʢʘʪʘ ʝ ʥʘ ʙʘʟʘ ʢʘʯʝʩʪʚʘʪʘ  ʥʘ ʨʘʟʣʠʯʥʠ ʩʫʙʩʪʨʘʪʠ: 
ʦʪ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ (ʟʘʭʘʨʥʦ, ʢʨʲʤʥʦ ʠ ʯʝʨʚʝʥʦ ʮʚʝʢʣʦ, 
ʣʠʩʪʥʘ ʤʘʩʘ ʦʪ ʇʘʫʣʦʚʥʠʷ- ʧʨʦʣʝʪʥʠ ʠ ʝʩʝʥʥʠ ʣʠʩʪʘ, 
ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ ʠ ʩʠʣʘʞ ʇʘʫʣʦʚʥʠʷ), ʪʨʠ ʚʠʜʘ ʪʦʨ 
(ʛʦʚʝʞʜʘ ʦʪ ʙʝʟʧʦʩʪʝʣʥʦ ʦʪʛʣʝʞʜʘʥʝ, ʩʚʠʥʩʢʘ ʠ 
ʥʝʩʤʝʥʷʝʤʘ ʧʪʠʯʘ ʪʦʨʦʚʘ ʧʦʩʪʝʣʷ), ʢʘʢʪʦ ʠ ʩʫʙʩʪʨʘʪʠ ʦʪ 
ʦʪʧʘʜʥʠ ʚʦʜʠ ʥʘ ʇʉ (ʧʲʨʚʠʯʥʘ,ʚʪʦʨʠʯʥʘ ʠ ʩʤʝʩʝʥʘ 
ʫʪʘʡʢʘ). ʀʟʩʣʝʜʚʘʥʠʪʝ ʩʫʨʦʚʠʥʠ ʙʷʭʘ ʘʥʘʣʠʟʠʨʘʥʠ  ʧʦ 
ʩʣʝʜʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ: 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 ( H2O) and heavy metals 
ï arsenic (As), Cadmium (Cd), Chromium ( Cr), Copper (Cu), 
Mercury (Hg), Nickel (Ni), Lead (Pd), Zinc (Zn). ʈʝʟʫʣʪʘʪʠʪʝ 
ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʧʦʣʫʯʝʥʠ ʦʪ ʨʘʟʣʠʯʥʠ 
ʩʫʨʦʚʠʥʠ ( ʨʘʩʪʠʪʝʣʥʠ, ʦʨʛʘʥʠʯʥʠ ʪʦʨʦʚʝ ʠ ʦʪʧʘʜʥʠ ʚʦʜʠ) 
ʥʠ ʜʘʚʘʪ ʦʩʥʦʚʘʥʠʝ ʜʘ ʥʘʧʨʘʚʠʤ ʩʣʝʜʥʠʪʝ ʟʘʢʣʶʯʝʥʠʷ: 
ʀʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʧʦ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ 
ʦʪʛʦʚʘʨʷʪ ʥʘ  ʚʩʠʯʢʠ ʪʝʭʥʦʣʦʛʠʯʥʠ  ʠʟʠʩʢʚʘʥʠʷ ʥʘ 
ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ (ʉɺ, ʉ ʠ 
ʩʲʦʪʥʦʰʝʥʠʝ ʉ:N). ʋʩʪʘʥʦʚʝʥʠʪʝ ʨʘʟʣʠʯʠʷ ʚ 
ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʘʟʦʪ ʝ ʛʨʘʥʠʮʠʪʝ ʥʘ 1,8% (ʩʫʙʩʨʘʪ -
ʣʠʩʪʥʘ ʤʘʩʘ ʇʘʫʣʦʚʥʠʷ ïʧʨʦʣʝʪ) ʜʦ 7,75% (ʧʨʠ ʩʫʙʩʪʨʘʪ 
7 - ʦʨʛʘʥʠʯʥʘ ʪʦʨ) ʧʦʟʚʦʣʷʚʘʪ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ 
ʩʫʙʩʪʨʘʪʠʪʝ ʩ ʦʛʣʝʜ ʩʧʘʟʚʘʥʝ ʥʘ ʅʠʪʨʘʪʥʘʪʘ  ʜʠʨʝʢʪʠʚʘ 
ʥʘ ɽʉ. ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ  ʨʘʟʣʠʯʠʷ ʚ ʧʦʜʚʠʞʥʠʪʝ ʬʦʨʤʠ 
ʥʘ ʘʟʦʪʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ  ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʦʛʨʘʤʠ 
ʟʘ ʪʦʨʝʪʝ ʩ ʫʯʘʩʪʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʩʫʨʦʚʠʥʠ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ. ʇʨʦʫʯʝʥʠʪʝ ʦʪ ʥʘʩ ʩʫʙʩʪʨʘʪʠ  
ʧʦʢʘʟʚʘʪ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʪʝʞʢʠ ʝʣʝʤʝʥʪʠ ʧʦʜ ʢʨʠʪʠʯʥʦ 
ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ. 
 
ʂʣʶʯʦʚʠ ʜʫʤʠ: biogas, energy plants(crops), manure 
(fertilizer), sludges, ecological assessment 
 
ʋɺʆɼ 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʢʦʣʝʢʪʠʚʘ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ 

ʚʢʣʶʯʝʥʠ ʚ ʤʦʥʦʛʨʘʬʠʷ ʧʦʩʚʝʪʝʥʘ ʥʘ ʝʢʦʣʦʛʠʯʥʠʪʝ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 
(ɿʘʭʘʨʠʥʦʚ, 2013) ʦʩʥʦʚʥʦ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʦʛʨʘʥʠʯʘʚʘʥʝ 
ʥʘ ʣʠʥʝʡʥʦʩʪʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦʪʦ  ʯʨʝʟ 
ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʪʦʨʦʚʝ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ /ʛʘʟʦʚʦ ʛʦʨʠʚʦ/ ʠ ʙʠʦʰʣʘʤ /ʧʨʦʜʫʢʪ ʟʘ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʣʦʜʦʨʦʜʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ/. ɼʦʩʝʛʘʰʥʠʪʝ ʥʠ 
ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ 
ʘʥʘʝʨʦʙʥʦʪʦ ʨʘʟʛʨʘʞʜʘʥʝ ʚ ʙʠʦʛʘʟʦʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ ʯʨʝʟ 
ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʩʫʙʩʪʨʘʪʠ ʦʪ ʦʨʛʘʥʠʯʥʠ ʪʦʨʦʚʝ [1]. 
ɺʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 
ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʠʦʛʘʟ ʩʘ ʦʛʨʘʥʠʯʝʥʠ ʧʦʨʘʜʠ ʢʦʝʪʦ ʦʪ 2011 ʛ 
ʟʘʧʦʯʥʘʭʤʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠ 
ʢʫʣʪʫʨʠ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʘʟʦʚʦ ʛʦʨʠʚʦ. 
ʂʘʪʦ ʦʩʥʦʚʘ ʥʘ ʪʦʟʠ ʥʦʚ ʝʪʘʧ ʚ ʥʘʰʠʪʝ ʦʧʠʪʠ ʥʠʝ 

ʠʟʧʦʣʟʚʘʭʤʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʫʯʚʘʥʠʷʪʘ ʥʠ ʚ ɻʝʨʤʘʥʠʷ, 
ʧʨʠ ʢʦʠʪʦ ʥʘʡ-ʛʦʣʷʤ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʦʪ ʝʥʝʨʛʠʡʥʘʪʘ ʢʫʣʪʫʨʘ ʮʘʨʝʚʠʮʘ, 
ʢʦʷʪʦ ʩʝ ʩʠʣʘʞʠʨʘ ʧʦ ʠʟʚʝʩʪʥʘ ʠ ʚ ɹʲʣʛʘʨʠʷ ʪʝʭʥʦʣʦʛʠʷ [1; 
10]. ʇʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʚ ɹʲʣʛʘʨʠʷ ʨʝʩʫʨʩʲʪ ʦʪ 
ʦʙʨʘʙʦʪʚʘʝʤʠ ʟʝʤʠ ʝ ʦʛʨʘʥʠʯʝʥ ʝ ʥʝʨʘʮʠʦʥʘʣʥʦ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʮʘʨʝʚʠʯʝʥ ʩʠʣʘʞ /ʮʘʨʝʚʠʮʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ 
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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 ï 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) ï 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 

ʟʘ ʭʨʘʥʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʚ ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ/. ʇʦ ʪʘʟʠ 
ʧʨʠʯʠʥʘ ʙʷʭʘ ʧʨʦʚʝʜʝʥʠ ʨʝʜʠʮʘ ʠʟʩʣʝʜʚʘʥʠʷ ʩʲʩ 
ʩʫʙʩʪʨʘʪʠ ʩʲʜʲʨʞʘʱʠ ʥʦʚʠ ʟʘ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʝʥʝʨʛʠʡʥʠ 
ʢʫʣʪʫʨʠ, ʢʘʢʪʦ ʠ ʦʪ ʨʘʩʪʠʪʝʣʥʘ ʙʠʦʤʘʩʘ, ʢʦʷʪʦ ʦʩʪʘʚʘ 
ʥʝʦʧʦʣʟʦʪʚʦʨʝʥʘ ʪ ʥʘʨ. ʛʦʨʩʢʠ ʩʠʣʘʞ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 
ʛʦʜʠʥʠ ʩʝ ʟʘʩʠʣʚʘ ʠʥʪʝʨʝʩʘ ʚ ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ ʢʲʤ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʦʪ ʧʨʝʯʠʩʪʚʘʪʝʣʥʠ ʩʪʘʥʮʠʠ ʟʘ 
ʦʪʧʘʜʥʠ ʚʦʜʠ  ʢʘʪʦ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ [5]. 
ɺ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʙʝ ʦʧʪʠʤʠʟʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʦʪ ʩʤʝʩʝʥʠ ʫʪʘʡʢʠ ʚ ʇʉʆɺ 
ʂʫʙʨʘʪʦʚʦ, ʢʘʪʦ ʝʬʝʢʪʲʪ ʧʨʝʮʝʥʝʥ ʧʦ ʩʪʝʧʝʥ ʥʘ 
ʤʠʢʨʦʙʥʘ ʜʝʢʦʥʪʘʤʠʥʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥ 
ʙʠʦʛʘʟ ʩʝ ʧʨʝʮʝʥʷʚʘ ʢʘʪʦ ʥʝʟʘʜʦʚʦʣʠʪʝʣʝʥ. ʂʘʪʦ 
ʥʝʜʦʩʪʘʪʲʯʥʦ ʝʬʝʢʪʠʚʥʘ ʧʨʝʮʝʥʷʚʘʤʝ ʪʝʭʥʦʣʦʛʠʷʪʘ 
ʟʘ ʧʨʦʠʟʚʦʜʩʪʥʚʦ ʥʘ ʙʠʦʛʘʟ ʠ ʚ ʇʉʆɺ ʉʪʘʨʘ ɿʘʛʦʨʘ.  
ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ /ʢʘʢʪʦ ʝ ʚ ʜʚʘʪʘ 

ʩʣʫʯʘʷ ʢʦʠʪʦ ʦʧʠʩʚʘʤʝ/ ʧʦʣʫʯʝʥʠʷʪ ʙʠʦʛʘʟ ʝ ʥʝʜʦʩʪʘʪʲʯʝʥ, 
ʪʲʡ ʢʘʪʦ ʫʪʘʡʢʠʪʝ ʦʪ ʙʠʦʙʘʩʝʡʥʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʤʠʢʨʦʙʥʘ 
ʙʠʦʤʘʩʘ ʩ ʤʥʦʛʦ ʟʜʨʘʚʘ ʮʝʣʫʣʦʟʥʘ ʤʝʤʙʨʘʥʘ. ʊʦʚʘ ʥʠ 
ʤʦʪʠʚʠʨʘ ʜʘ ʥʘʧʨʘʚʠʤ ʧʨʝʮʝʥʢʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 
ʩʫʙʩʪʨʘʪʠ ʩ ʦʛʣʝʜ ʪʷʭʥʦʪʦ ʢʦʤʙʠʥʠʨʘʥʝ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ 
ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʠ ʧʦʩʪʠʛʘʥʝ 
ʥʘ ʟʘʜʦʟʦʚʦʣʠʪʝʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʝʬʝʢʪ ʧʨʝʮʝʥʝʥ ʧʦ 
ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʚʝʱʝʩʪʚʘ ʚ ʩʫʙʩʪʨʘʪʘ.  
ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʝʪʦ ʧʨʦʫʯʚʘʥʝ ʩʘ ʩʫʙʩʪʨʘʪʠ ʦʪ 

ʥʦʚʠ ʟʘ ʩʪʨʘʥʘʪʘ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ, ʦʨʛʘʥʠʯʥʠ ʪʦʨʦʚʝ 
ʩ ʨʘʟʣʠʯʝʥ ʩʲʩʪʘʚ, ʢʘʢʪʦ ʠ ʫʪʘʡʢʠ ʦʪ ʇʉ ʧʦ 
ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʷʱʠ ʜʦʙʠʚʘ ʥʘ 
ʙʠʦʛʘʟ ʠ ʛʘʨʘʥʪʠʨʘʱʠ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʠʪʨʘʪʥʘʪʘ  
ʜʠʨʝʢʪʠʚʘ ʥʘ ɽʉ, ʢʘʢʪʦ ʠ ʝʢʦʣʦʛʠʯʥʘ ʦʮʝʥʢʘ ʥʘ 
ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʙʠʦʛʝʥʥʠ ʠ ʪʦʢʩʠʯʥʠ ʝʣʝʤʝʥʪʠ. 
 
ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʀ 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʢʦʣʝʢʪʠʚʘ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ 

ʚʢʣʶʯʝʥʠ ʚ ʤʦʥʦʛʨʘʬʠʷ ʧʦʩʚʝʪʝʥʘ ʥʘ ʝʢʦʣʦʛʠʯʥʠʪʝ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 
[13] ʦʩʥʦʚʥʦ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʣʠʥʝʡʥʦʩʪʪʘ ʥʘ 
ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦʪʦ ʯʨʝʟ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ 
ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʪʦʨʦʚʝ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 
ʙʠʦʛʘʟ /ʛʘʟʦʚʦ ʛʦʨʠʚʦ/ ʠ ʙʠʦʰʣʘʤ /ʧʨʦʜʫʢʪ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʧʣʦʜʦʨʦʜʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ/. ɼʦʩʝʛʘʰʥʠʪʝ ʥʠ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, 
ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʘʥʘʝʨʦʙʥʦʪʦ ʨʘʟʛʨʘʞʜʘʥʝ 
ʚ ʙʠʦʛʘʟʦʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʩʫʙʩʪʨʘʪʠ ʦʪ 
ʦʨʛʘʥʠʯʥʠ ʪʦʨʦʚʝ [1]. ɺʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʠʦʛʘʟ ʩʘ ʦʛʨʘʥʠʯʝʥʠ ʧʦʨʘʜʠ 
ʢʦʝʪʦ ʦʪ 2011 ʛ ʟʘʧʦʯʥʘʭʤʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 
ʛʘʟʦʚʦ ʛʦʨʠʚʦ. ʂʘʪʦ ʦʩʥʦʚʘ ʥʘ ʪʦʟʠ ʥʦʚ ʝʪʘʧ ʚ ʥʘʰʠʪʝ ʦʧʠʪʠ 
ʥʠʝ ʠʟʧʦʣʟʚʘʭʤʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʫʯʚʘʥʠʷʪʘ ʥʠ ʚ ɻʝʨʤʘʥʠʷ, 
ʧʨʠ ʢʦʠʪʦ ʥʘʡ-ʛʦʣʷʤ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ ʦʪ ʝʥʝʨʛʠʡʥʘʪʘ ʢʫʣʪʫʨʘ ʮʘʨʝʚʠʮʘ, 
ʢʦʷʪʦ ʩʝ ʩʠʣʘʞʠʨʘ ʧʦ ʠʟʚʝʩʪʥʘ ʠ ʚ ɹʲʣʛʘʨʠʷ ʪʝʭʥʦʣʦʛʠʷ 
[1;12]. ʇʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʚ ɹʲʣʛʘʨʠʷ ʨʝʩʫʨʩʲʪ ʦʪ ʦʙʨʘʙʦʪʚʘʝʤʠ 
ʟʝʤʠ ʝ ʦʛʨʘʥʠʯʝʥ ʝ ʥʝʨʘʮʠʦʥʘʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʮʘʨʝʚʠʯʝʥ 
ʩʠʣʘʞ /ʮʘʨʝʚʠʮʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʭʨʘʥʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʚ 
ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ/. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʙʷʭʘ ʧʨʦʚʝʜʝʥ ʨʝʜʠʮʘ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩʲʩ ʩʫʙʩʪʨʘʪʠ ʩʲʜʲʨʞʘʱʠ ʥʦʚʠ ʟʘ ʥʘʰʘʪʘ 
ʩʪʨʘʥʘ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ, ʢʘʢʪʦ ʠ ʦʪ ʨʘʩʪʠʪʝʣʥʘ ʙʠʦʤʘʩʘ, 
ʢʦʷʪʦ ʦʩʪʘʚʘ ʥʝʦʧʦʣʟʦʪʚʦʨʝʥʘ ʪ ʥʘʨ. ʛʦʨʩʢʠ ʩʠʣʘʞ [2, 4]. ʇʨʝʟ 
ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʟʘʩʠʣʚʘ ʠʥʪʝʨʝʩʘ ʚ ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ 
ʢʲʤ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʦʪ ʧʨʝʯʠʩʪʚʘʪʝʣʥʠ ʩʪʘʥʮʠʠ ʟʘ 
ʦʪʧʘʜʥʠ ʚʦʜʠ ʢʘʪʦ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ [5]. 
ɺ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʙʝ ʦʧʪʠʤʠʟʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʙʠʦʛʘʟ ʦʪ ʩʤʝʩʝʥʠ ʫʪʘʡʢʠ ʚ ʇʉʆɺ ʂʫʙʨʘʪʦʚʦ, ʢʘʪʦ ʝʬʝʢʪʲʪ 
ʧʨʝʮʝʥʝʥ ʧʦ ʩʪʝʧʝʥ ʥʘ ʤʠʢʨʦʙʥʘ ʜʝʢʦʥʪʘʤʠʥʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ 
ʧʨʦʠʟʚʝʜʝʥ ʙʠʦʛʘʟ ʩʝ ʧʨʝʮʝʥʷʚʘ ʢʘʪʦ ʥʝʟʘʜʦʚʦʣʠʪʝʣʝʥ. 
ʂʘʪʦ ʥʝʜʦʩʪʘʪʲʯʥʦ ʝʬʝʢʪʠʚʥʘ ʧʨʝʮʝʥʷʚʘʤʝ ʪʝʭʥʦʣʦʛʠʷʪʘ 
ʟʘ ʧʨʦʠʟʚʦʜʩʪʥʚʦ ʥʘ ʙʠʦʛʘʟ ʠ ʚ ʇʉʆɺ ʉʪʘʨʘ ɿʘʛʦʨʘ. 
ɸʥʘʣʠʟ ʥʘ ʩʫʙʩʪʨʘʪʘ ʩʝ ʧʦʣʫʯʘʚʘʪ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ 

ʩʣʝʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʤʝʪʦʜʠ: ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ (DM) ʦʪ 
ɹɼʉ EN 14346 (ʙʲʣʛʘʨʩʢʠ ʜʲʨʞʘʚʝʥ ʩʪʘʥʜʘʨʪ), ʦʨʛʘʥʠʯʥʦ 
ʚʝʱʝʩʪʚʦ (Oɺ), ʦʧʨʝʜʝʣʝʥ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʦʮʝʥʢʘ ʥʘ ɹʇʂ, 
ʙʠʦʣʦʛʠʯʥʘ ʧʦʪʨʝʙʥʦʩʪ ʦʪ ʢʠʩʣʦʨʦʜ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ 
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3587, Nitrogen nitrate (N- nitrate) by BSS EN ISO 10304-
2, Sulfates (SO4) by BSS EN ISO 10304-2, Calcium Oxide 
(CaO) by EPA 6010C, Magnesium Oxide (MgO) by EPA 
6010C, Potassium ( K) by EPA 6010C, P (Phosphorus) by 
EPA 6010C, pH ( H2O) by BSS EN 12176 and heavy 
metals ï 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. 

(OC) ʦʪ ɹɼʉ EN 13137 , ʘʟʦʪ ʧʦ ʂʝʣʜʘʣ (N) ʦʪ ɹɼʉ 13342, 
ʘʤʦʥʠʝʚ ʘʟʦʪ (N-ʘʤʦʥʠʝʚ) BSS 3587, ʥʠʪʨʘʪʝʥ ʘʟʦʪ (N-
ʥʠʪʨʘʪ) ʦʪ ɹɼʉ EN ISO 10304-2, ʩʫʣʬʘʪʠ (SO4) ʧʦ ɹɼʉ 
EN ISO 10304-2, ʢʘʣʮʠʝʚ ʦʢʩʠʜ (CaO) ʦʪ EPA 6010C, 
ʤʘʛʥʝʟʠʝʚ ʦʢʩʠʜ (MgO) ʦʪ EPA 6010C, ʂʘʣʠʡ (K) ʦʪ EPA 
6010C, P (ʬʦʩʬʦʨ) ʦʪ EPA 6010C, ʨʅ (H2O) ʦʪ ɹɼʉ EN 
12176 ʠ ʪʝʞʢʠ ʤʝʪʘʣʠ - ʘʨʩʝʥ (As), ʢʘʜʤʠʡ (Cd), ʭʨʦʤ 
(Cr), ʄʝʜ (Cu), ʞʠʚʘʢ (Hg), ʥʠʢʝʣ (Ni), ʦʣʦʚʦ (Pb), ʎʠʥʢ 
(Zn) ʦʪ EPA 6010C [3, 6, 7, 8, 9]. 
 
ʈɽɿʋʃʊɸʊʀ 

ʅʘ ʪʘʙʣʠʮʠ 2-ʘ,b ʝ ʧʨʝʜʩʪʘʚʝʥ ʩʲʩʪʘʚʘ ʥʘ 
ʦʩʥʦʚʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ . 
ʉʨʘʚʥʷʚʘʡʢʠ ʪʦʨʦʚʝʪʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʉɺ /ʩʫʭʦ 
ʚʝʱʝʩʪʚʦ/ ʩʝ ʚʠʞʜʘ, ʯʝ ʤʝʞʜʫ ʛʦʚʝʞʜʘʪʘ ʠ ʩʚʠʥʩʢʘʪʘ 
ʪʦʨ ʨʘʟʣʠʯʠʷ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ. ʆʪ ʩʨʘʚʥʷʚʘʥʠʪʝ ʪʨʠ 
ʚʠʜʘ ʪʦʨ ʧʦ ʧʦʢʘʟʘʪʝʣʷ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ʥʘʡ- 
ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʛʦʚʝʞʜʘʪʘ ʪʦʨ, ʘ 
ʥʘʡ ï ʥʠʩʢʠ ʧʨʠ ʧʪʠʯʘʪʘ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʝʟʠ 
ʧʦʢʘʟʘʪʝʣʠ/ ʉɺ, ʦʨʛ.ʉ/ ʧʨʦʮʝʥʪʘ ʥʘ ʘʟʦʪʘ ʚ ʪʦʨʘ 
ʧʦʣʫʯʝʥʘ ʦʪ ʤʦʥʦʛʘʩʪʨʠʯʥʠʪʝ ʞʠʚʦʪʥʠ /ʩʚʠʥʝ ʠ ʧʪʠʮʠ/ 
ʝ ʧʦ-ʚʠʩʦʢ.  
ɸʟʦʪʥʠʪʝ ʬʨʘʢʮʠʠ / ʘʤʦʥʠʝʚ, ʥʠʪʨʘʪʝʥ ʠ ʥʠʪʨʠʪʝʥ 

ʘʟʦʪ/ ʩʣʝʜʚʘʪ  ʪʝʥʜʝʥʮʠʠʪʝ ʥʘʙʣʶʜʘʚʘʥʠ ʟʘ ʦʙʱʠʷ 
ʘʟʦʪ, ʢʘʪʦ ʩʪʦʡʥʦʩʪʠʪʝ ʠ ʟʘ ʪʨʠʪʝ ʬʨʘʢʮʠʠ ʩʘ ʥʘʡ-
ʚʠʩʦʢʠ ʧʨʠ ʧʪʠʯʘʪʘ ʪʦʨ. ʅʘʡ-ʜʦʙʨʦ ʩʲʦʪʥʦʰʝʥʠʝ 
ʤʝʞʜʫ ʚʲʛʣʝʨʦʜ ʠ ʘʟʦʪ ʦʙʘʯʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ 
ʛʦʚʝʞʜʘʪʘ ʪʦʨ, ʢʘʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ 
ʪʦʨʦʚʝʪʝ ʧʦʣʫʯʝʥʠ ʦʪ ʤʦʥʦʛʘʩʪʨʠʯʥʠ ʞʠʚʦʪʥʠ /ʩʚʠʥʩʢʘ 
ʠ ʧʪʠʯʘ/ ʩʘ ʩ ʜʚʘ ʧʲʪʠ ʧʦ ïʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ. ʉʪʦʡʥʦʩʪʠʪʝ 
ʧʦʣʫʯʝʥʠ ʟʘ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ ʩʝ ʧʦʪʚʨʲʞʜʘʚʘʪ ʠ ʦʪ 
ʧʨʝʜʠʰʥʠ ʥʘʰʠ ʩʨʘʚʥʠʪʝʣʥʠ ʧʨʦʫʯʚʘʥʠʷ [12]. ʇʨʝʧʦʨʲʢʠʪʝ 
ʥʘ ʨʝʜʠʮʘ ʯʫʞʜʠ ʘʚʪʦʨʠ ʟʘ ʦʧʪʠʤʘʣʥʠ ʩʲʦʪʥʦʰʝʥʠʷ 
ʤʝʞʜʫ ʚʲʛʣʝʨʦʜ ʠ ʘʟʦʪ ʩʘ ʪʚʲʨʜʝ ʨʘʟʥʦʧʦʩʦʯʥʠ, ʥʦ ʧʨʠ 
ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʠ ʪʨʠʪʝ ʚʠʜʘ ʪʦʨ ʩʝ ʚʢʣʶʯʚʘʪ ʚ 
ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʨʅ ʨʘʟʣʠʯʠʷʪʘ 
ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʪʦʨʦʚʝ ʩʘ ʥʝʩʲʱʝʩʪʚʝʥʠ, ʢʘʪʦ ʩ ʥʘʡ-
ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʘʣʢʘʣʥʘ ʩʨʝʜʘ ʝ ʧʪʠʯʘʪʘ ʪʦʨ, 
ʢʦʝʪʦ ʢʦʨʝʩʧʦʥʜʠʨʘ ʩ ʧʦ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʘʟʦʪʘ. 
ɼʚʘʪʘ ʦʩʥʦʚʥʠ ʙʠʦʛʝʥʥʠ ʝʣʝʤʝʥʪʘ /ʂ ʠ ʈ/ ʩʘ ʩ ʧʦ-
ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʧʨʠ ʪʦʨʘ ʧʦʣʫʯʝʥ ʧʨʠ ʤʦʥʦʛʘʩʪʨʠʯʥʠʪʝ 
ʞʠʚʦʪʥʠ. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ ʚʠʩʦʢʠʷʪ ʧʨʦʮʝʥʪ ʥʘ 
ʢʘʣʠʡ ʧʨʠ ʧʪʠʯʘʪʘ ʪʦʨ, ʢʦʡʪʦ ʝ ʧʦʯʪʠ ʜʚʘ ʧʲʪʠ ʧʦ-ʚʠʩʦʢ 
ʠ ʦʪ ʪʦʟʠ ʧʨʠ ʩʚʠʥʩʢʘʪʘ ʪʦʨ. 
ʅʘ ʩʲʱʘʪʘ ʪʘʙʣʠʮʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠ ʜʚʘ ʚʠʜʘ 

ʩʠʣʘʞ: ʦʪ ʮʘʨʝʚʠʮʘ ʠ ʧʘʫʣʦʚʥʠʷ. ʉʨʘʚʥʝʥʠ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʥʘ ʉɺ ʠ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ (ʦʩʥʦʚʥʠ ʧʦʢʘʟʘʪʝʣʠ, 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʙʠʦʛʘʟ) ʩʝ ʚʠʞʜʘ, 
ʯʝ ʩʠʣʘʞʘ ʦʪ ʧʘʫʣʦʚʤʠʷ ʝ ʩ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ (ʟʘ 
ʉɺ 28,46 ʩʨʝʱʫ 26,0, ʘ ʟʘ ʉ 43,29 ʩʨʝʱʫ 26,49).  
ʇʨʠ ʥʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʫʩʪʘʥʦʚʠ ʝʜʥʦʧʦʩʦʯʥʦʩʪ ʩ 

ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ ʦʙʦʙʱʝʥʠ ʚ ʪʘʙʣʠʮʘ 3. 
ʃʠʩʪʘʪʘ ʦʪ ʇʘʫʣʦʚʥʠʷ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 2 ʢʘʪʝʛʦʨʠʠ: 

ʧʨʦʣʝʪʥʠ ʠ ʝʩʝʥʥʠ ʣʠʩʪʘ. ʇʨʠ ʥʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʫʩʪʘʥʦʚʠ 
ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʧʨʝʟ ʚʩʝʢʠ ʚʝʛʝʪʘʮʠʦʥʝʥ ʧʝʨʠʦʜ ʯʝʪʠʨʠʢʨʘʪʥʦ 
ʢʦʩʝʥʝ ʥʘ ʩʪʝʙʣʘʪʘ ʟʘʝʜʥʦ ʩ ʣʠʩʪʥʘʪʘ ʤʘʩʘ ʠ ʥʝʡʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ. 
ɽʩʝʥʥʠʪʝ ʣʠʩʪʘ ʩʘ ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ, ʪʲʡ ʢʘʪʦ ʩʣʝʜ 
ʧʲʨʚʘʪʘ ʩʣʘʥʘ ʮʷʣʘʪʘ ʣʠʩʪʥʘ ʤʘʩʘ ʦʧʘʜʚʘ ʠ ʝ ʚʲʟʤʦʞʥʦ 
ʩʲʩ ʩʨʘʚʥʠʪʝʣʥʦ ʤʘʣʲʢ ʨʘʟʭʦʜ ʥʘ ʪʨʫʜ ʜʘ ʩʝ ʩʲʙʝʨʝ ʠ ʩʠʣʘʞʠʨʘ. 
ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʩʠʣʘʞʘ ʦʪ ʧʘʫʣʦʚʥʠʷ  ʧʨʦʣʝʪʥʠ ʣʠʩʪʘ 

ʩ ʠʟʭʦʜʥʘʪʘ ʩʫʨʦʚʠʥʘ /ʟʝʣʝʥʘ ʣʠʩʪʥʘ ʤʘʩʘ/ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ ʠ ʚʲʛʣʝʨʦʜ ʩʝ ʚʠʞʜʘ, ʯʝ ʠ ʧʦ ʜʚʘʪʘ 
ʧʦʢʘʟʘʪʝʣʘ ʩʠʣʘʞʘ ʠʤʘ ʧʨʝʚʲʟʭʦʜʩʪʚʦ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʘʟʦʪʘ ʠ ʧʨʦʠʟʚʦʜʥʠʪʝ ʥʘ ʘʟʦʪʘ ʬʨʘʢʮʠʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 
ʧʦʜʦʙʥʠ ʪʝʥʜʝʥʮʠʠ. ʇʦ ʧʦʢʘʟʘʪʝʣʷ ʩʲʦʪʥʦʰʝʥʠʝ ʘʟʦʪ ʠ 
ʚʲʛʣʝʨʦʜ ʩʠʣʘʞʘ ʦʪ ʇʘʫʣʦʚʥʠʷ ʧʨʠʛʦʪʚʝʥ ʦʪ ʣʠʩʪʥʘ ʤʘʩʘ 
ʧʨʠʙʨʘʥʘ ʧʨʝʟ ʧʨʦʣʝʪʪʘ ʥʝ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʩʚʝʞʘʪʘ 
ʣʠʩʪʥʘ ʤʘʩʘ. ɿʘʢʦʥʦʤʝʨʥʦ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʨʅ ʩʘ ʧʦ-ʥʠʩʢʠ 
ʧʨʠ ʩʠʣʘʞʘ ʩʨʘʚʥʝʥ ʩ ʠʟʭʦʜʥʘʪʘ ʩʫʨʦʚʠʥʘ /4,3 ʩʨʝʱʫ 5,63/.  
ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʚʘʪʘ ʦʩʥʦʚʥʠ ʙʠʦʛʝʥʥʠ ʝʣʝʤʝʥʪʘ /ʢʘʣʠʡ 
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Comparing fresh leaf mass ï 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 ʠ 19,20:1correspondently). 
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%/l 
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 ï 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 ï from 77.90 to 91.60% of the raw, which is an 
index for the presence of organic composition that give 
energy; 3. ʉ:N Proportion 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. 

ʠ ʬʦʩʬʦʨ/ ʨʘʟʣʠʯʠʷʪʘ ʩʘ ʥʝʩʲʱʝʩʪʚʝʥʠ. ʉʨʘʚʥʷʚʘʡʢʠ 
ʩʚʝʞʘ ʣʠʩʪʥʘ ʤʘʩʘ ï ʧʘʫʣʦʚʥʠʷ ʧʨʠʙʨʘʥʘ ʧʨʝʟ ʧʨʦʣʝʪʪʘ ʠ 
ʝʩʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʉɺ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦʯʪʠ ʜʚʘ ʧʲʪʠ 
ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʧʨʠ ʝʩʝʥʥʠʪʝ ʣʠʩʪʘ ʩʧʨʷʤʦ ʧʨʦʣʝʪʥʠʪʝ. 
ʇʦ ʦʪʥʦʰʝʥʠʝ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ ʩʪʦʡʥʦʩʪʠʪʝ ʩʘ ʧʦʯʪʠ 
ʜʚʘ ʧʲʪʠ ʧʦ-ʚʠʩʦʢʠ ʚ ʣʠʩʪʥʘʪʘ ʤʘʩʘ ʧʨʠʙʨʘʥʘ ʧʨʝʟ ʧʨʦʣʝʪʪʘ, 
ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʦʮʝʥʪʘ ʥʘ ʚʲʛʣʝʨʦʜʘ, ʢʲʜʝʪʦ ʨʘʟʣʠʢʠʪʝ 
ʤʝʞʜʫ ʣʠʩʪʥʘʪʘ ʤʘʩʘ ʧʨʠʙʨʘʥʘ ʧʨʝʟ ʧʨʦʣʝʪʪʘ ʠ ʝʩʝʥʪʘ ʩʘ 
ʥʝʩʲʱʝʩʪʚʝʥʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦ- ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ 
ʘʟʦʪʘ ʚ ʣʠʩʪʥʘʪʘ ʤʘʩʘ ʧʨʠʙʨʘʥʘ ʧʨʝʟ ʧʨʦʣʝʪʪʘ ʩʲʱʝʩʪʚʝʥʠ 
ʨʘʟʣʠʯʠʷ ʚ ʘʟʦʪʥʠʪʝ ʬʨʘʢʮʠʠ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ. ʉʲʦʪʥʦʰʝʥʠʝʪʦ 
ʤʝʞʜʫ ʚʲʛʣʝʨʦʜ ʠ ʘʟʦʪ ʠ ʧʨʠ ʣʠʩʪʥʘ ʤʘʩʘ ʧʨʠʙʨʘʥʘ ʧʨʝʟ 
ʧʨʦʣʝʪʪʘ ʝ 17,33:1, ʘ ʧʨʠ ʣʠʩʪʥʘ ʤʘʩʘ ʧʨʠʙʨʘʥʘ ʧʨʝʟ ʝʩʝʥʪʘ ʝ 
31,77:1. ʉʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʚʲʛʣʝʨʦʜ ʠ ʘʟʦʪ ʠ ʧʨʠ ʜʚʝʪʝ 
ʣʠʩʪʥʠ ʤʘʩʠ ʩʘ ʚ ʦʧʪʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʙʠʦʛʦʨʠʚʦ. ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʨʘʟʣʠʯʠʷ 
ʤʝʞʜʫ ʣʠʩʪʥʘʪʘ ʤʘʩʘ /ʧʨʦʣʝʪ, ʝʩʝʥ/ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʧʦʢʘʟʘʪʝʣʷ ʨʅ. ʀ ʧʨʠ ʜʚʘʪʘ ʚʠʜʘ ʣʠʩʪʥʘ ʤʘʩʘ ʩʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʢʘʣʠʡ ʝ ʧʦ-ʚʠʩʦʢʦ, ʩʧʨʷʤʦ ʪʦʚʘ ʥʘ ʬʦʩʬʦʨʘ. ʉʨʘʚʥʠʪʝʣʥʠʪʝ 
ʧʨʦʫʯʚʘʥʠʷ ʤʝʞʜʫ ʣʠʩʪʥʘ ʤʘʩʘ ʝʩʝʥʥʠ ʣʠʩʪʘ ʠ ʩʠʣʘʞʘ 
ʧʨʦʠʟʚʝʜʝʥ ʦʪ ʪʷʭ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ 
ʧʦʢʘʟʘʪʝʣʠ ʩʘ ʦʙʝʢʪ ʥʘ ʩʣʝʜʚʘʱʠ ʧʨʦʫʯʚʘʥʠʷ.  
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ ʚ ʪʨʠʪʝ ʚʠʜʘ ʮʚʝʢʣʦ 

(ʟʘʭʘʨʥʦ, ʢʨʲʤʥʦ ʠ ʯʝʨʚʝʥʦ) ʝ ʚ ʛʨʘʥʠʮʠʪʝ 25,12-36,11%, ʢʘʪʦ 
ʥʘʡ-ʚʠʩʦʢʦ ʝ ʧʨʠ ʟʘʭʘʨʥʦʪʦ ʮʚʝʢʣʦ. ʇʦ ʦʪʥʦʰʝʥʠʝ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜ ʨʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʪʨʠʪʝ 
ʚʠʜʦʚʝ ʮʚʝʢʣʦ ʩʘ ʥʝʩʲʱʝʩʪʚʝʥʠ (<1%). ʉʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʘʟʦʪ ʝ ʥʘʡ-ʥʠʩʢʦ ʧʨʠ ʟʘʭʘʨʥʦʪʦ ʮʚʝʢʣʦ ï 1,32%. 
ɼʘʥʥʠʪʝ ʟʘ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪʥʠ ʬʨʘʢʮʠʠ /ʘʤʦʥʠʝʚ, 
ʥʠʪʨʠʪʝʥ ʠ ʥʠʪʨʘʪʝʥ ʘʟʦʪ/ ʩʘ ʨʘʟʥʦʧʦʩʦʯʥʠ.  
ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʨʫʛʠʷ ʚʘʞʝʥ ʧʦʢʘʟʘʪʝʣ ʉ:N (ʟʘ 

ʧʨʘʚʠʣʥʦ ʧʨʦʪʠʯʘʥʝ ʥʘ ʤʝʪʘʥʦʚʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ) ʠ 
ʪʨʠʪʝ ʚʠʜʘ ʮʚʝʢʣʦ ʩʘ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʦʧʪʠʤʘʣʥʠʪʝ 
ʩʪʦʡʥʦʩʪʠ, ʢʘʪʦ ʟʘ ʟʘʭʘʨʥʦʪʦ ʮʚʝʢʣʦ ʝ ʚ ʛʦʨʥʘʪʘ 
ʛʨʘʥʠʮʘ (30,43), ʘ ʟʘ ʯʝʨʚʝʥʦʪʦ ʠ ʢʨʲʤʥʦʪʦ ʥʘ ʜʦʣʥʘʪʘ 
ʛʨʘʥʠʮʘ (18,41:1 ʠ 19,20:1 ʩʲʦʪʚʝʪʥʦ). ʇʦ ʦʪʥʦʰʝʥʠʝ 
ʥʘ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʨʘʟʣʠʯʠʷʪʘ ʩʘ ʥʝʩʲʱʝʩʪʚʝʥʠ. ʅʝ ʩʝ 
ʥʘʙʣʶʜʘʚʘʪ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʜʚʘʪʘ ʙʠʦʛʝʥʥʠ 
ʝʣʝʤʝʥʪʘ (ʂ ʠ ʈ) ʧʨʠ ʪʨʠʪʝ ʚʠʜʘ ʮʚʝʢʣʦ.  
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʉɺ ʚ ʦʪʧʘʜʥʠʪʝ ʚʦʜʠ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ 

ʝʪʘʧʠ ʥʘ ʧʨʝʯʠʩʪʚʘʥʝ ʚʘʨʠʨʘ ʦʪ 0,02% /l ʧʨʠ ʠʟʭʦʜʘ ʜʦ 
1,16%/l ʧʨʠ ʩʤʝʩʝʥʘʪʘ ʫʪʘʡʢʘ ( ʚʦʜʘ ʨʝʮʠʨʢʫʣʘʮʠʷ). ʇʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʷ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ (ʠʟʯʠʩʣʝʥʦ 
ʥʘ ʙʘʟʘ ʍʇʂ) ʩʤʝʩʝʥʘʪʘ ʫʪʘʡʢʘ ʝ ʩ ʥʘʡ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ, 
ʩʣʝʜʚʘʥʘ ʦʪ ʚʦʜʘ ï ʚʭʦʜ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʨʅ ʩʘ ʘʣʢʘʣʥʠ ʚʲʚ 
ʚʦʜʘ-ʚʭʦʜ (7,80), ʢʘʪʦ ʚ ʦʩʪʘʥʘʣʠʪʝ ʝʪʘʧʠ ʩʝ ʥʘʙʣʶʜʘʚʘ 
ʪʝʥʜʝʥʮʠʷ ʢʲʤ ʥʘʤʘʣʝʥʠʝ ʥʘ ʨʅ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʘʟʦʪ ʠ ʬʦʩʬʦʨ ʝ ʥʘʡ-ʚʠʩʦʢʦ ʚ ʩʤʝʩʝʥʘʪʘ ʫʪʘʡʢʘ (ʚʦʜʘ-
ʨʝʮʠʨʢʫʣʘʮʠʷ) ʠ ʥʘʡ-ʥʠʩʢʦ ʧʨʠ ʠʟʭʦʜʘ. 
ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʥʘʩ ʨʝʟʫʣʪʘʪʠ ʟʘ ʩʲʩʪʘʚʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʩʫʨʦʚʠʥʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʧʨʝʮʝʥʢʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʚ 
ʤʠʢʩʘ ʩʣʝʜʚʘ ʜʘ ʩʝ ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ ʥʷʢʦʣʢʦ ʦʩʥʦʚʥʠ 
ʧʦʢʘʟʘʪʝʣʠ: 1.ʉʫʭʦ ʚʝʱʝʩʪʚʦ ï ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ, ʯʝ ʩʝ 
ʧʨʝʜʚʠʞʜʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʫʙʩʪʨʘʪʝʥ ʤʠʢʩ ʩʲʩ ʩʲʜʲʨʞʘʥʠʝ 
ʥʘ ʩʫʭʦ ʚʝʱʝʩʪʚʦ 7-10% ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʩʫʨʦʚʠʥʠ ʩ 
ʤʘʣʢʠ ʠʟʢʣʶʯʝʥʠʷ (ʪʝʟʠ ʧʦʣʫʯʝʥʠ ʦʪ ʧʨʝʯʠʩʪʚʘʪʝʣʥʠʪʝ 
ʩʪʘʥʮʠʠ) ʩʘ ʚ ʢʘʪʝʛʦʨʠʷʪʘ ʥʘ ʧʦʜʭʦʜʷʱʠʪʝ. 2.ʆʨʛʘʥʠʯʥʦ 
ʚʝʱʝʩʪʚʦ ï ʦʪ 77,90 ʜʦ 91,61% ʦʪ ʩʫʭʦʪʦ, ʢʦʝʪʦ ʝ ʧʦʢʘʟʘʪʝʣ ʥʘ 
ʥʘʣʠʯʠʝ ʥʘ ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘ 
ʝʥʝʨʛʠʷ. 3.ʉʲʦʪʥʦʰʝʥʠʝ ʉ:N ʚʘʨʠʨʘ ʦʪ 12,41 ʜʦ 31,77 
ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʧʨʠ ʤʠʢʩʠʨʘʥʝʪʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 
ʦʧʪʠʤʘʣʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ. 4.ɸʤʦʥʠʝʚʠʪʝ ʡʦʥʠ ʠʤʘʪ 
ʠʥʭʠʙʠʨʘʱʦ ʤʝʪʘʥʦʚʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ ʜʝʡʩʪʚʠʝ ʢʦʛʘʪʦ 
ʧʨʝʚʠʰʘʪ 2710 ʤʛ/ʣ .ʅʝʟʘʚʠʩʠʤʦ ʯʝ ʚ ʧʪʠʯʠʷ ʠ ʩʚʠʥʩʢʠʷ 
ʪʦʨ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʪʝ ʩʘ ʚ ʤʛ ʥʘ ʢʛ ʩʫʭʦ 
ʚʝʱʝʩʪʚʦ ʠ ʟʘʢʣʶʯʝʥʠʝʪʦ ʝ, ʯʝ ʧʨʠ ʩʤʝʩʚʘʥʝ ʥʘ ʩʫʙʩʪʨʘʪʠʪʝ 
ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ ʘʤʦʥʠʝʚʠʪʝ ʡʦʥʠ. 
4.ʀʥʭʠʙʠʨʘʱʦ ʝ ʥʘ ʢʘʣʠʷ ʢʦʛʘʪʦ ʧʨʝʚʠʰʠ 3000 ʤʛ/ʣ 
ʩʫʙʩʪʨʘʪ ʚʲʚ ʬʝʨʤʝʥʪʦʨʘ.ʇʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʪ ʥʘʩ 10 
ʩʫʙʩʪʨʘʪʘ /ʜʘʥʥʠʪʝ ʩʘ ʤʛ ʥʘ ʢʛ ʩʫʭʦ ʚʝʱʝʩʪʚʦ/ ʧʨʠ ʥʠʢʦʡ ʥʝ 
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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 ï spring, autumn) and beet heads 
except from the higher values of zinc in the leaf mass of 
Paulownia ï 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 under Order ˉ22 and under 
the values potentially risky for inhibition of methane 
fermentation. 

ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʢʨʠʪʠʯʥʘʪʘ ʛʨʘʥʠʮʘ. 
ʅʘ ʩʣʝʜʚʘʱʘʪʘ ʪʘʙʣʠʮʘ (4) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʜʘʥʥʠʪʝ ʟʘ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʨʦʚʠʥʠ. 
ʉʨʘʚʥʷʚʘʡʢʠ ʪʨʠʪʝ ʚʠʜʘ ʪʦʨ ï ʛʦʚʝʞʜʘ, ʧʪʠʯʘ ʠ ʩʚʠʥʩʢʘ ʩʝ 
ʚʠʞʜʘ, ʯʝ ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʮʠʥʢʘ ʧʨʠ ʧʪʠʯʠʷ ʠ ʩʚʠʥʩʢʠ ʪʦʨ 
ʠ ʝʣʝʤʝʥʪʘ ʤʝʜ ʧʨʠ ʩʚʠʥʩʢʘ ʪʦʨ ʦʩʪʘʥʘʣʠʪʝ ʝʣʝʤʝʥʪʠ ʩʘ ʚ 
ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ. ɺ ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ ʝ 
ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 8-ʪʝ ʢʦʥʪʨʦʣʠʨʘʥʠ ʝʣʝʤʝʥʪʘ ʠ ʚ 
ʨʘʩʪʠʪʝʣʥʘʪʘ ʙʠʦʤʘʩʘ ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʜʚʘ ʚʠʜʘ ʩʠʣʘʞ 
(ʮʘʨʝʚʠʯʝʥ ʠ ʧʘʫʣʦʚʥʠʷ), ʣʠʩʪʥʘ ʤʘʩʘ (ʧʘʫʣʦʚʥʠʷ- ʧʨʦʣʝʪ, 
ʝʩʝʥ) ʠ ʮʚʝʢʣʦ ʛʣʘʚʠ ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʧʦ- ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ 
ʥʘ ʮʠʥʢʘ ʚ ʣʠʩʪʥʘʪʘ ʤʘʩʘ ʥʘ ʧʘʫʣʦʚʥʠʷʪʘ ʧʨʦʣʝʪʥʠ ʣʠʩʪʘ 
(315mg/kg ʉɺ).ʀʟʩʣʝʜʚʘʥʠʪʝ ʦʪʧʘʜʲʯʥʠ ʩʫʨʦʚʠʥʠ ʦʪ  
ʧʨʝʯʠʩʪʚʘʪʝʣʥʠʪʝ ʩʪʘʥʮʠʠ ʩʘ ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʟʘ ʪʝʞʢʠʪʝ 
ʤʝʪʘʣʠ ʧʦʜ ʢʨʠʪʠʯʥʦ ʜʦʧʫʩʪʠʤʠʪʝ. ʈʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʪʷʭ 
ʩʘ ʥʝʩʲʱʝʩʪʚʝʥʠ. 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ 13 ʩʫʙʩʪʨʘʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ 

ʩʫʨʦʚʠʥʥʠʷ ʤʠʢʩ ʩʘ ʩʲʩ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʪʦʢʩʠʯʥʠ 
ʝʣʝʤʝʥʪʠ ʜʘʣʝʯ ʧʦʜ ʨʝʛʣʘʤʝʥʪʠʨʘʥʠʪʝ ʧʦ ʅʘʨʝʜʙʘ 
ˉ22 ʠ ʧʦʜ ʩʪʦʡʥʦʩʪʠʪʝ ʧʦʪʝʥʮʠʘʣʥʦ ʨʠʩʢʦʚʠ ʟʘ 
ʠʥʭʠʙʠʨʘʥʝ ʥʘ ʤʝʪʘʥʦʚʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ. 

 

Table 1 / ʊʘʙʣʠʮʘ 1 

Raw materials for biofuel production / ʀʟʭʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ 

 Type substrate / ɺʠʜ ʩʫʙʩʪʨʘʪ 

 Fertilizers / ʊʦʨʦʚʝ 

1. Beef manure / ɻʦʚʝʞʜʠ 

2. Bird manure / ʇʪʠʯʠ 

3. Pig manure / ʉʚʠʥʩʢʘ 

 Energy crops / ɽʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ 

4. Corn silage / ʎʘʨʝʚʠʯʝʥ ʩʠʣʘʞ 

5. Silage Paulownia( spring leaves) / ʉʠʣʘʞ ʇʘʫʣʦʚʥʠʷ(ʧʨʦʣʝʪʥʠ ʣʠʩʪʘ) 
 
ʣʠʩʪʘ  ) 6. Spring leaves Paulownia / ʃʠʩʪʘ ʇʘʫʣʦʚʥʠʷ (ʧʨʦʣʝʪʥʠ ʣʠʩʪʘ) 

7. Autumn leaves  Paulownia / ʃʠʩʪʘ ʇʘʫʣʦʚʥʠʷ (ʝʩʝʥʥʠ ʣʠʩʪʘ) 

8. Sugar beet ( tuber) / ɿʘʭʘʨʥʦ ʮʚʝʢʣʦ ( ʛʨʫʜʢʘ) 

9. Red beet (tuber) / ʏʝʨʚʝʥʦ ʮʚʝʢʣʦ (ʛʨʫʜʢʘ) 

10. Fodder beet (tuber) / ʂʨʲʤʥʦ ʮʚʝʢʣʦ ( ʛʨʫʜʢʘ) 

 Wastewater treatment plant / ʆʪʧʘʜʥʠ ʚʦʜʠ 

11. Water ïentrance / ɺʦʜʘ ʚʭʦʜ 

12. Water ï recirculation / ɺʦʜʘ ʨʝʮʠʨʢʫʣʘʮʠʷ 

13. Water ï aeration tanks (activated sludge) / ɺʦʜʘ ʙʠʦʙʘʩʝʡʥ 

14. Water ï exit / ɺʦʜʘ -ʠʟʭʦʜ 

 

Table 2-a / ʊʘʙʣʠʮʘ 2ʘ 
Technological parameters / ʊʝʭʥʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 

Parameters/ 
ʇʘʨʘʤʝʪʨʠ 

DM,% 
/ ʉɺ 

ʆM,% ʦf DM 
ʆɺ,% ʦʪ ʉɺ

 
C 

[%] 
N 

[%] 
C : N ʨH 

1. 10,80±0,98 / 77,90±1,21 / 
35.93±0.41 / 
35,93±0,41 

1.97±0.04 / 
1,97±0,04 

18,23:1 
7.41±0.19 / 
7,41±0,19 

2. 8,22±1,31 / 81,32±0,91 / 
28.55±0.43 / 
28,55±0,43 

2.3±0.03 / 
2,3±0,03 

12,41:1 
8.22±0.57 / 
8,22±0,57 

3. 10,77±0,33 / 77,97±1,09 / 
29.67±0.46 / 
29,67±0,46 

2.05±0.03 / 
2,05±0,03 

14,47:1 
7.54±0.31 / 
7,54±0,31 

4. 26,00±0,42 / 87,73±0,67 / 
26.49±0.29 / 
26,49±0,29 

1.79±0.09 / 
1,79±0,09 

14,80:1 
4.6±0.19 / 
4,6±0,19 

5. 28,46±0,31 / 88,90±0,97 / 
43.29+1.11 / 
43,29+1,11 

2.45±0.09 / 
2,45±0,09 

17,67:1 
4.3±0.15 / 
4,3±0,15 

6. 23,40±1,01 / 92,43±0,14 / 
37.26±2.11 / 
37,26±2,11 

2.15±0.03 / 
2,15±0,03 

17,33:1 
5.31±0.28 / 
5,31±0,28 

7. 41,40±1,23 / 94,99±1,29 / 
38.76±0.98 / 
38,76±0,98 

1.22±0.05 / 
1,22±0,05 

31,77:1 
5.63±1.12 / 
5,63±1,12 
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8. 36,11±1,15 / 91,61±0,29 / 
40.17±1.21 / 
40,17±1,21 

1.32±0.03 / 
1,32±0,03 

30,43:1 
5.52±0.04 / 
5,52±0,04 

9. 25,12±1,96 / 88,59±0,33 / 
41.05±0.98 / 
41,05±0,98 

2.23±0.21 / 
2,23±0,21 

18,41:1 
5.21±0.013 / 
5,21±0,013 

10. 25,70+0,98 / 89,71±0,45 / 
39.35+1.03 / 
39,35+1,03 

2.05±0.11 / 
2,05±0,11 

19,20:1 
5.10±0.45 / 
5,10±0,45 

11.
* 

298 158 - 21.63 / 21,63 - 
7.80±0.18 / 
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 

¶ The data are from mg/l / ɼʘʥʥʠʪʝ ʩʘ ʚ mg/l 

¶ ** The organic matter was calculated based BOD/ ʆʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ ʝ ʠʟʯʠʩʣʝʥʦ ʥʦ ʙʘʟʘ ʍʇʂ 

Table 2-b / ʊʘʙʣʠʮʘ 2ʙ. 

Content of biogenic macro elements / ʉʲʜʲʨʞʘʥʠʝ ʥʘ ʙʠʦʛʝʥʥʠ ʤʘʢʨʦʝʣʝʤʝʥʪʠ 

Parameters / 
ʇʘʨʘʤʝʪʨʠ 

Nitrogen fraction / ɸʟʦʪʥʠ ʬʨʘʢʮʠʠ 
[mg/kg] 

K 
[%] 

P 
[%] 

 
ammonium /  
ʘʤʦʥʠʝʚ 

nitrite 
/ʥʠʪʨʠʪʝʥ 

nitrate / 
ʥʠʪʨʘʪʝʥ 

  

1. 714,6±2,15 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.
* 

- - - 13,33±0,7 1640±11,12 

13.
* 

- - - 11,15±0,9 973,6±9,25 

14.
* 

- - - 10,23±0,5 37,28±1,39 

¶ The content of N and P is based on mg/l / ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ N ʠ ʈ ʝ ʥʘ ʙʘʟʘ  mg/l 

 

Table 3 / ʊʘʙʣʠʮʘ 3 

Data of the chemical composition of the raw materials from farms / ɼʘʥʥʠ ʟʘ ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ ʥʘ ʠʟʭʦʜʥʠ 

ʤʘʪʝʨʠʘʣʠ ʦʪ ʬʝʨʤʠʪʝ [13] 

Types of raw materials /  
ɺʠʜʦʚʝ ʠʟʭʦʜʥʠ 
ʤʘʪʝʨʠʘʣʠ 

Dry matter content / 
ʉʲʜʲʨʞʘʥʠʝ ʥʘ ʩʫʭʦ 
ʚʝʱʝʩʪʚʦ [%] 

Organic matter / 
ʆʨʛʘʥʠʯʥʦ 
ʚʝʱʝʩʪʚʦ[%] 

Biogas yield / ɼʦʙʠʚ ʥʘ 
ʙʠʦʛʘʟ[m

3
/ t of  DM] 

Methane content / 
ʉʲʜʲʨʞʘʥʠʝ ʥʘ 
ʤʝʪʘʥ [%] 

Beef manure / ɻʦʚʝʞʜʘ ʪʦʨ 10 75 340 55 

Pig manure / ʉʚʠʥʩʢʘ ʪʦʨ 8 75 400 58 

Grass silage / ʊʨʝʚʝʥ ʩʠʣʘʞ 40 85.6 656 55 

Corn silage / ʎʘʨʝʚʠʯʝʥ ʩʠʣʘʞ 32 95.4 611 53 

 

Table 4 / ʊʘʙʣʠʮʘ 4 
Component of heavy metals / ʉʲʜʨ̡ʞʘʥʠʝ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ 

Elements / 
ʝʣʝʤʝʥʪʠ 

[mg/kg] 
As  Cd Co Cr Cu Hg Ni Pb Zn 

1. < 5 < 0,5 < 0,5 1,3±0,01 34±0,05 < 1 9,8±0,04 < 5 150±0,21 

2. < 5 < 0,5 0,8 0,7±0,00 84±0,22 < 1 7,3±0,11 < 5 420±0,33 

3. < 5 < 0,5 < 0,5 2,6±0,01 139±0,14 < 1 8,7±0,07 < 5 343±0,21 

4. < 5 < 0,5 < 0,5 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 < 0,5 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 < 0,5 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 

9. < 5 < 0,5 < 0,5 6,2±0,91 12,3±0,76 < 1 4,6+0,09 < 5 67,9+2,13 

10. < 5 < 0,5 < 0,5 8,2±1,03 7,9±0,21 < 1 3,6±0,03 < 5 13,8±0,15 

11.
 

<0,3 0,06 <0,5 4,67±0,04 0,009 <0,1 3,41±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 

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 
Paulowniaïspring) to 7.75% by substrate 7 
(organic fertilizer). The free nitrogen forms 
(nitrogen ï 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 ï 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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 ʀɿɺʆɼʀ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʧʦʣʫʯʝʥʠ ʦʪ 
ʨʘʟʣʠʯʥʠ ʩʫʨʦʚʠʥʠ (ʨʘʩʪʠʪʝʣʥʠ, ʦʨʛʘʥʠʯʥʠ ʪʦʨʦʚʝ ʠ 
ʦʪʧʘʜʥʠ ʚʦʜʠ) ʥʠ ʜʘʚʘʪ ʦʩʥʦʚʘʥʠʝ ʜʘ ʥʘʧʨʘʚʠʤ 
ʩʣʝʜʥʠʪʝ ʟʘʢʣʶʯʝʥʠʷ:  
- ʀʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʩʲʜʲʨʞʘʪ ʚ ʦʧʪʠʤʘʣʥʠ ʩʪʦʡʥʦʩʪʠ 
ʚʩʠʯʢʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 
ʥʘ ʙʠʦʛʦʨʠʚʦ (ʉɺ, ʉ ʠ ʩʲʦʪʥʦʰʝʥʠʝ ʉ:N). ʉ ʦʛʣʝʜ ʤʘʭ. 
ʜʦʙʠʚ ʥʘ ʙʠʦʛʘʟ ʠ ʤʘʭ. ʤʠʥʝʨʘʣʠʟʠʨʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ 
ʚʝʱʝʩʪʚʘ ʚ ʩʫʙʩʪʨʘʪʠʪʝ ʝ ʧʨʦʧʦʨʲʯʠʪʝʣʥʦ ʠʟʧʦʣʟʚʘʥʝ 
ʥʘ ʢʦʤʙʠʥʠʨʘʥʠ ʩʫʙʩʪʨʘʪʠ, ʢʦʝʪʦ ʙʠ ʜʦʚʝʣʦ ʜʦ 
ʦʧʪʠʤʘʣʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ (ʮʝʥʥʠ 
ʘʛʨʦʝʢʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʩʲʯʝʪʘʚʘʱʠ  ʤʠʥʝʨʘʣʥʠ ʩʦʣʠ, 
ʢʦʠʪʦ ʚʝʜʥʘʛʘ ʜʘ ʙʲʜʘʪ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʠ ʦʪ ʨʘʩʪʝʥʠʷʪʘ) 
ʩ ʥʝʨʘʟʛʨʘʜʠʤʠ ʦʨʛʘʥʠʯʥʠ ʚʝʱʝʩʪʚʘ ʧʦʜʦʙʨʷʚʘʱʠ 
ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʦʯʚʘʪʘ. ʆʩʥʦʚʘʥʠʝ ʟʘ ʪʦʚʘ ʟʘʢʣʶʯʝʥʠʝ 
ʥʠ ʜʘʚʘʪ ʠ ʜʘʥʥʠʪʝ ʟʘ ʙʠʦʰʣʘʤʘ ʧʦʣʫʯʝʥ ʦʪ ʪʝʟʠ 
ʩʫʙʩʪʨʘʪʠ. 

- ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʘʟʦʪ ʚ ʠʟʣʝʜʚʘʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʝ ʛʨʘʥʠʮʠʪʝ 
ʥʘ 1,8%- (ʩʫʙʩʨʘʪ -ʣʠʩʪʥʘ ʤʘʩʘ ʇʘʫʣʦʚʥʠʷ ïʧʨʦʣʝʪ) ʜʦ 
7,75% ʧʨʠ ʩʫʙʩʪʨʘʪ 7 (ʦʨʛʘʥʠʯʥʘ ʪʦʨ). ʉʚʦʙʦʜʥʠʪʝ ʬʦʨʤʘ 
ʥʘ ʘʟʦʪʘ (ʘʟʦʪ ïʘʤʦʥʠʝʚ) ʝ ʧʨʠ ʩʫʙʩʨʘʪ 8 (ʥʝʩʤʝʥʷʝʤʘ 
ʧʪʠʯʘ ʧʦʩʪʝʣʷ). ʅʠʪʨʘʪʥʘʪʘ ʬʦʨʤʘ ʥʘ ʘʟʦʪʘ ʝ ʩ ʥʘʡ-ʚʠʩʦʢʠ 
ʩʪʦʡʥʦʩʪʠ ʧʨʠ ʩʫʙʩʨʘʪʠʪʝ ʧʨʠʛʦʪʚʝʥʠ ʦʪ ʢʦʨʝʥʦʧʣʦʜʠ 
(ʮʚʝʢʣʦ ï ʟʘʭʘʨʥʦ, ʢʨʲʤʥʦ ʠ ʯʝʨʚʝʥʦ). ʉʫʙʩʪʨʘʪʠʪʝ 
ʧʦʣʫʯʝʥʠ ʦʪ ʦʪʧʘʜʥʠʪʝ ʚʦʜʠ ʥʘ ʇʉ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʩ̡ ʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ ʟʘʝʤʘʪ ʤʝʞʜʠʥʥʦ ʧʦʣʦʞʝʥʠʝ, ʢʦʝʪʦ 
ʧʦʪʚʨʲʞʜʘʚʘ ʚʠʞʜʘʥʝʪʦ ʥʘ ʢʦʣʝʢʪʠʚʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʩʤʝʩʝʥʠ ʩʫʙʩʪʨʘʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʙʠʦʛʘʟ. 
ʇʨʦʫʯʝʥʠʪʝ ʦʪ ʥʘʩ ʩʫʙʩʪʨʘʪʠ ʧʦʢʘʟʚʘʪ ʩʲʜʲʨʞʘʥʠʝ ʥʘ 
ʪʝʞʢʠ ʝʣʝʤʝʥʪʠ ʧʦʜ ʢʨʠʪʠʯʥʦ ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ.  

 
ɹʣʘʛʦʜʘʨʥʦʩʪ 

ʅʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ʌʅʀ ʚ 
ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʅʘʫʯʥʦ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪ 
FFNIPO_12_01283: Ăɽʢʦʣʦʛʠʟʘʮʠʷ ʥʘ ʘʛʨʦʝʢʦʣʦʛʠʯʥʠ 
ʩʠʩʪʝʤʠ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʠʤ ʝʬʝʢʪʠʚʥʦʩʪ 
ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʝʨʘʙʦʪʝʥʠ ʙʠʦʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ 
ʟʘ ʪʦʨʝʥʝ, ʠʥʪʨʦʜʫʮʠʨʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠ ʢʫʣʪʫʨʠ ʠ 
ʢʦʤʧʣʝʢʩʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʦʤʘʩʘʪʘ ʢʘʪʦ ʝʥʝʨʛʦʥʦʩʠʪʝʣò 
(ɼʦʛʦʚʦʨ SFSR-EO1/3 ʦʪ 27.11.2012).  
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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 ï 
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. ĂUnfortunatelyò, 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 ï such as the nuclear reactors with fission ï or of 
some sustainable technologies for obtaining the energy ï 

 Rezumat: Substituirea parŞialŁ a motorinei folositŁ la 
alimentarea motoarelor Diesel cu uleiuri vegetale este o 
conduitŁ posibilŁ ĸi aducŁtoare de beneficii. Sub aspect 
ecologic, aceastŁ practicŁ prezintŁ avantajele generale ale 
´nlocuirii combustibililor fosili cu biocombustibili obŞinuŞi din 
resurse regenerabile. Din punct de vedere strategic, ea 
conduce la o creĸtere a independenŞei energetice a 
practicanŞilor. Ċn fine, ´n anumite sectoare de activitate, 
cum ar fi agricultura, folosirea uleiurilor vegetale drept 
carburanŞi Diesel poate fi aducŁtoare de beneficii economice 
imediate. Tehnologiile pentru adoptarea acestei conduite sunt 
relativ simple ĸi disponibile dar, pentru promovarea ei, este 
necesar sŁ fie asigurate unele condiŞii tehnice ĸi comerciale. 
AceastŁ lucrare ´ĸi propune sŁ prezinte o sintezŁ a acestor 
condiŞii, aĸa cum au rezultat ele din cercetŁrile desfŁĸurate ´n 
ultimii ani ´n cadrul cadrul INMA Bucureĸti. 
 

Cuvinte cheie: condiŞii de alimentare alternativŁ, motor 
Diesel, uleiuri vegetale 
 
INTRODUCERE 

Folosirea uleiurilor vegetale crude pentru alimentarea 
motoarelor Diesel nu este o practicŁ nouŁ. Astfel, istoria 
consemneazŁ faptul cŁ la ExpoziŞia UniversalŁ din anul 
1900, de la Paris, ´nsuĸi Rudolf Diesel a fŁcut demonstraŞii 
cu un exemplar al motorului inventat de el funcŞion©nd cu 
ulei de arahide. De asemenea, este cunoscutŁ utilizarea 
destul de rŁsp©nditŁ a uleiului de rapiŞŁ pentru alimentarea 
unor motoare Diesel în primele decenii ale secolului trecut. 
Mai recent, preocuparea pentru alternativa utilizŁrii uleiurilor 
vegetale crude pentru alimentarea motoarelor autovehiculelor 
a reapŁrut dupŁ criza petrolierŁ de la ´nceputul deceniului 8 al 
secolului trecut. Astfel, ´n acea perioadŁ, mari firme 
constructoare de autovehicule (General Motors în SUA, Audi 
ĸi Daimler ï Benz ´n Europa) au fŁcut ´ncercŁri cu 
autovehicule ale cŁror motoare au fost dotate cu 
echipamente de injecŞie concepute special pentru utilizarea 
uleiurilor. Rezultatele acestor încercŁri au fost 
mulŞumitoare, singurele probleme constatate Şin©nd de 
apariŞia unor depuneri de gume ´n instalaŞiile de injecŞie ĸi 
´n interiorul cilindrilor. ĂDin nefericireò, ieĸirea relativ rapidŁ 
din criza petrolierŁ menŞionatŁ, urmatŁ de o disponibilizare 
fŁrŁ precedent a resurselor petroliere, a dus la 
abandonarea cercetŁrilor Ăvizibileò pe aceastŁ direcŞie. 
Efectele episoadelor de crizŁ petrolierŁ din perioada 

postbelicŁ au constat ´ntotdeauna ´ntr-o reaĸezare a 
preŞului petrolului la niveluri mai ridicate, cu consecinŞe 
nefaste asupra echilibrelor economice mondiale ĸi ritmurilor 
de creĸtere industrialŁ ale tuturor statelor. Pe fundalul acestor 
consecinŞe, ´n familia ŞŁrilor industrializate s-a nŁscut conceptul 
de securitate energeticŁ, sub stindardul cŁruia au fost fŁcute ĸi 
parafate aranjamente privind ritmuri planificate ale extracŞiei 
ŞiŞeiului ĸi evoluŞii predictibile ale preŞurilor de comercializare 
a acestuia. Ċn acelaĸi timp, cu statut de parte ´n securitatea 
energeticŁ, a ´nceput sŁ fie examinat ĸi s-a dezvoltat 
conceptul de independenŞŁ energeticŁ. Sub aspect energetic 
general, acest concept a generat, la nivelul fiecŁrui stat sau 
al unor grupuri de state, strategii de dezvoltare ĸi promovare a 
unor tehnologii intensive de obŞinere a energiei ï cum ar fi 
reactoarele nucleare cu fisiune ï sau a unor tehnologii durabile 
de obŞinere a energiei ï cum ar fi amenajŁrile hidroenergetice. 
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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  
¶ 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 
(Ăgums and waxesò) ie to have a phosphorus content less 
than 12 ppm (EN 14107) and to undergo a process of 
filtration with fineness of at least 5 ɛm. 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 

Sub aspectul particular, dar foarte important ca pondere, al 
combustibililor pentru motoarele termice, conceptul de 
independenŞŁ energeticŁ a activat preocupŁri pentru obŞinerea 
de combustibili alternativi. Ċn acelaĸi timp, perspectiva unei 
relativ apropiate epuizŁri a rezervelor mondiale de petrol a 
´ndrumat cŁutŁrile cŁtre gŁsirea unor combustibili alternativi 
obŞinuŞi din resurse regenerabile. Ċn aceste condiŞii, atenŞia a 
fost concentratŁ pe biocombustibili, iar specialiĸtii ĸi-au adus 
aminte de faptul cŁ folosirea drept carburanŞi a  uleiurilor 
vegetale este ´nscrisŁ ´n ñgeneticaò motoarelor Diesel. 
ObŞinerea uleiurilor vegetale apeleazŁ la resurse limitate 

ca ritm de utilizare dar regenerabile periodic prin ciclurile de 
viaŞŁ ale plantelor oleaginoase. De asemenea, tehnologiile 
implicate sunt mature ĸi relativ simple. Mai mult, cercetŁri 
actuale par sŁ indice posibilitŁŞi de creĸtere substanŞialŁ a 
producŞiilor de uleiuri vegetale prin exploatarea unor culturi 
de alge, iar o astfel de realizare ar permite ĸi o reducere a 
obiecŞiilor pe care domeniul biocombustibililor trebuie sŁ le 
´nfrunte ´n disputa Ăbiocombustibili contra hranŁò. 

Utilizarea uleiurilor vegetale pentru alimentarea motoarelor 
Diesel prezintŁ, ´n zilele noastre, o formŁ curentŁ, dar ĂindirectŁò. 
Supunerea uleiurilor vegetale la un proces de transesterificare 
conduce la obŞinerea biodieselului, combustibil cu ĂproprietŁŞi 
de motorò apropiate de cele prezentate de motorinŁ ĸi, ´n 
consecinŞŁ, apt sŁ fie folosit ca substituent pentru aceasta din 
urmŁ. Totuĸi, acest biocombustibil prezintŁ dezavantajul unei 
prelucrŁri relativ complicate, care este rentabilŁ numai pe 
scarŁ mare ĸi foloseĸte ingrediente cu risc ridicat de mediu 
(metanol ĸi hidroxid de sodiu). Ċn acelaĸi timp, prepararea 
biodieselului ĸi folosirea uleiurilor vegetale sub aceastŁ formŁ 
´nseamnŁ sŁ introducem, ´ntre operaŞiile relativ simple de 
obŞinere a uleiurilor vegetale crude ĸi utilizarea ´n motoare, un 
ansamblu de activitŁŞi cu complexitatea unei industrii chimice 
integrate. Evident, aceastŁ conduitŁ complicŁ drumul uleiurilor 
Ăde la brazdŁ la motorò. Utilizarea directŁ a uleiurilor vegetale 
crude drept combustibil pentru motoarele Diesel simplificŁ 
acest drum, pentru cŁ numai obŞinerea uleiurilor vegetale 
este, evident, mult mai simplŁ dec©t obŞinerea biodieselului. 
Concret, pentru obŞinerea uleiurilor vegetale trebuiesc 
parcurse, în afara etapelor de obŞinere a recoltelor, numai 
etapele de extragere a uleiului din seminŞele oleaginoase ĸi 
de purificare a acestuia prin procese de degumare ĸi filtrare. 
Ċn plus, rentabilitatea acestor operaŞii nu este condiŞionatŁ de 
mŁrimea producŞiei ĸi de menŞinerea unui flux continuu a 
acesteia. Prin urmare, producerea de uleiuri vegetale 
destinate folosirii drept combustibili pentru motoare poate 
fi organizatŁ, fŁrŁ afectŁri sensibile ale rentabilitŁŞii, ´n 
sectoare locale, plasate în preajma utilizatorilor ĸi 
dimensionate ´n conformitate cu necesitŁŞile acestora. 
 
MATERIALE ķI METODŀ 
¶ CondiŞii generale pentru alimentarea alternativŁ 
Promovarea utilizŁrii uleiurilor vegetale pentru alimentarea 

motoarelor Diesel presupune, în primul rând, ca acestea 
sŁ fie disponibile ´n cantitŁŞi suficiente, la calitatea necesarŁ ĸi 
la preŞuri concurente cu preŞul motorinei. Facem precizarea 
cŁ cerinŞele de calitate presupun ca uleiurile vegetale sŁ fie 
eliberate de componentele care produc depuneri în motor 
(Ăgume ĸi ceruriò) adicŁ sŁ aibŁ un conŞinut de fosfor mai 
mic de 12 ppm (EN 14107) ĸi sŁ fie supuse unui proces de 
filtrare cu fineŞea de cel puŞin 5 ɛm. Presupun©nd cŁ aceste 
condiŞii sunt ´ndeplinite, urmŁtoarea cerinŞŁ se referŁ la 
pŁstrarea libertŁŞii de alegere a potenŞialilor utilizatori.  
Uleiurile vegetale trebuie sŁ poatŁ fi propuse drept 

combustibili alternativi pentru motoare Diesel construite 
pentru alimentarea cu motorinŁ. Ċn aceste condiŞii, pentru 
ca alimentarea alternativŁ sŁ fie acceptatŁ ĸi atractivŁ, 
trebuie ca ea sŁ fie posibilŁ cu pŁstrarea intactŁ a construcŞiei 
ĸi reglajelor motoarelor Diesel folosite. Poate fi admisŁ, cel 
mult, necesitatea folosirii unor dispozitive adiŞionale cu preŞuri 
rezonabile, uĸor de instalat ´n vecinŁtatea motorului ĸi 
pasive faŞŁ de funcŞionarea acestuia cu alimentarea originalŁ. 
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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. 

Aceste condiŞii definesc regimul de policarburare în care utilizatorul 
poate sŁ hotŁrascŁ, dupŁ dorinŞŁ, folosirea motorinei sau 
a uleiului vegetal fŁrŁ nici o intervenŞie la motor. Ċn lipsa 
acestui regim, motoarele ce funcŞioneazŁ cu uleiuri 
vegetale sunt motoare dedicate unor niĸe de exploatare. 
 

Caracterizarea comparativŁ a uleiurilor vegetale 
DificultŁŞile care apar ´n practica alimentŁrii alternative 

a motoarelor Diesel cu uleiuri vegetale ´ĸi au originea în 
diferenŞe ´ntre unele proprietŁŞi ale uleiurilor ĸi proprietŁŞile 
similare ale motorinei. Astfel de diferenŞe sunt lesne de 
observat în tabelul 1 în care sunt prezentate principalele 
caracteristici ale motorinei ĸi uleiurilor vegetale. 

 

Table 1 / Tabelul 1 

 

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 

 Cei doi combustibili sunt lichide omogene sub aspectele fazei 
ĸi compoziŞiei. De asemenea, puterile calorice inferioare ale 
acestora sunt foarte apropiate dacŁ se referŁ la unitatea de 
volum ĸi trebuie fŁcutŁ observaŞia cŁ, la majoritatea motoarelor 
Diesel, dozajul se face volumetric. DiferenŞe substanŞiale 
apar ´n privinŞele cifrei cetanice, viscozitŁŞii ĸi conŞinutului 
de substanŞe care formeazŁ depuneri la ardere. Toate aceste 
diferenŞe genereazŁ probleme la alimentarea motoarelor 
cu uleiuri vegetale ĸi, pentru ca aceastŁ practicŁ sŁ fie 
posibilŁ, trebuie luate unele mŁsuri de adaptare. 
 

SoluŞii de adaptare la alimentarea cu uleiuri vegetale  
Cifra cetanicŁ a uleiurilor vegetale, mai cobor©tŁ dec©t 

cea a motorinei, face ca acestea sŁ nu se autoaprindŁ ´n 
cilindrii ne´ncŁlziŞi ai motoarelor, ceea ce ´mpiedicŁ pornirea 
Ăla receò a acestora. Ċn acelaĸi timp, nivelul cifrei cetanice 
este suficient pentru ca ´n cilindrii ´ncŁlziŞi ai motoarelor 
aduse la temperatura de regim uleiurile vegetale sŁ se 
aprindŁ ´n condiŞii similare cazului motorinei. Prin urmare, 
motoarele Diesel nu pot porni Ăla receò ´n condiŞiile alimentŁrii 
cu uleiuri vegetale dar, dupŁ atingerea regimului termic, pot 
funcŞiona normal cu acesastŁ variantŁ de combustibil. SoluŞia 
pentru adaptarea la aceastŁ situaŞie este organizarea 
alimentŁrii alternative secvenŞiale. Astfel, la începutul unei 
etape de exploatare, motorul Ăreceò este pornit ´n condiŞiile 
alimentŁrii cu motorinŁ ĸi acest tip de alimentare este pŁstrat 
p©nŁ la atingerea temperaturii de regim. DupŁ ´ncŁlzirea 
motorului, se trece la alimentarea cu ulei vegetal ĸi aceasta 
este pŁstratŁ pe aproape ´ntreaga duratŁ a etapei de 
exploatare. În fine, în apropierea încheierii etapei de lucru, se 
revine la alimentarea cu motorinŁ pentru un timp suficient ca 
instalaŞiile de alimentare ĸi injecŞie ale motorului (pompa de 
alimentare, filtrele de combustibil, pompa de injecŞie, 
conductele de injecŞie ĸi injectoarele) sŁ fie ĂspŁlateò de ulei 
ĸi umplute cu motorinŁ. AceastŁ ultimŁ secvenŞŁ are ca scop 
sŁ permitŁ alimentarea cu motorinŁ a motorului la 
urmŁtoarea etapŁ de lucru c©nd, din nou, trebuie pornit 
motorul Ăreceò. Ċn condiŞiile practicŁrii alimentŁrii alternative 
secvenŞiale, proporŞia ´n care uleiul vegetal folosit substituie 
motorina este, evident dependentŁ de duratele etapelor de 
lucru. Pentru motoarele Diesel exploatate în procese de lucru 
(lucrŁri agricole, cogenerarea de energie electricŁ ĸi termicŁ, 
transporturi etc.) ´n condiŞiile alimentŁrii alternative 
secvenŞiale cu uleiuri vegetale putem vorbi, practic, de o 
substituire cvasitotalŁ a motorinei, proporŞia acesteia ´n 
consumul total de combustibil av©nd o pondere marginalŁ. 

Viscozitatea uleiurilor vegetale este de circa 10 ori mai 
mare decât aceea a motorinei. La alimentarea motoarelor 

Property / Proprietatea Diesel Fuel / MotorinŁ Vegetable oil / Ulei vegetal 

Phase Homogeneity / Omogenitatea de fazŁ homogeneous liquid / lichid omogen homogeneous liquid / lichid omogen 

Compozition homogeneity / Omogenitatea de compoziŞie hydrocarbon molecules / molecule de hidrocaburi triglicerydes molecules / molecule de trigliceride 

Density (at 20ºC) / Densitatea (la 20ºC) [kg/m
3
] 840 920 

Cetan number / Cifra cetanicŁ 50 40 

Low calorific power / Puterea caloricŁ inferioarŁ [MJ/kg]; [MJ/l] 41.8; 35.1 / 41,8; 35,1 37.6; 34.6 / 37,6; 34,6 

Viscosity (at 20ºC) / Viscozitatea (la 20ºC) [mm
2
/s] 4...6 40...60 

Containing of substances which forms deposits to burn / 
conŞinut de substanŞe care formeazŁ depuneri la ardere 

low / redus high / mare 
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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 ï with technical and 
commercial value ï 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 ɛm; therefore it can not be 
removed by centrifugation actions, but may be retained 
within a filtration with the fineness of 5 ɛm or 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. 

Diesel construite pentru funcŞionarea cu motorinŁ, 
viscozitatea mare a uleiurilor vegetale ridicŁ probleme la 
trecerea prin filtre ĸi, ´n cazul motoarelor cu injecŞie 
mecanicŁ, la nivelul elementelor pompei de injecŞie. 
Astfel, cŁderea de presiune pe filtre creĸte odatŁ cu 
viscozitatea uleiului ĸi, ´n funcŞie de tip ĸi construcŞie, 
pompa de alimentare a motorului poate fi incapabilŁ sŁ 
livreze combustibilul necesar sau se poate chiar defecta. 
De asemenea, la nivelul pompei de injecŞie mŁrimea 
solicitŁrilor mecanice creĸte, deoarece transferul în cilindri 
a unor doze de lichid mai v©scos necesitŁ cantitŁŞi de energie 
corespunzŁtor sporite. Ċn fine, ´n cazul motoarelor cu injecŞie 
cu ĂrampŁ comunŁò, viscozitatea ridicatŁ a uleiurilor vegetale 
este de naturŁ sŁ conducŁ la scŁderea dozelor de combustibil 
injectate, deoarece, în acest caz, dozajul depinde de timpul 
de deschidere al injectoarelor. ĊnlŁturarea sau diminuarea 
efectelor nedorite ale viscozitŁŞii uleiurilor vegetale se face 
prin acŞionarea ´n sensul reducerii acesteia. Concret, uleiul 
vegetal folosit la alimentarea unui motor construit pentru 
alimentarea cu motorinŁ este livrat instalaŞiei de alimentare 
´ncŁlzit la temperaturi suficient de mari ca viscozitatea sŁ 
fie scŁzutŁ la valori Ăsuportabileò.  

Pentru asigurarea regimului de policarburare, ´ncŁlzirea 
uleiului se realizeazŁ ´n cadrul unui dispozitiv adiŞional care, 
într-o formŁ concentratŁ sau distribuitŁ, conŞine unul sau mai 
multe ´ncŁlzitoare plasate pe traseul de alimentare cu combustibil 
ĸi organele de distribuŞie care dirijazŁ, dupŁ caz, motorina 
sau uleiul cŁtre instalaŞia de alimentare. Dispozitivul este asistat 
de senzori care mŁsoarŁ temperaturile realizate ĸi de circuite 
de automatizare care, ´n funcŞie de nivelurile acestor temperaturi, 
comandŁ accesul motorinei sau uleiului ĸi funcŞionarea 
´ncŁlzitoarelor. Din punct de vedere al disponibilitŁŞii unui 
motor Diesel armat cu un astfel de dispozitiv, o condiŞie 
esenŞialŁ este aceea cŁ poziŞiile Ănormaleò (´n lipsa acŞionŁrii) 
ale organelor de distribuŞie a combustibililor trebuie sŁ 
permitŁ alimentarea cu motorinŁ. Asigurarea acestei condiŞii 
ï cu valoare tehnicŁ ĸi comercialŁ ï va permite motorului sŁ 
fie exploatat, alimentat cu motorinŁ, ´n cazurile de defectare 
a dispozitivului adiŞional. De asemenea, o condiŞie cu impact 
comercial ridicat este aceea ca instalarea dispozitivului Ăpe 
motorò sŁ reclame numai intervenŞii simple, care necesitŁ 
calificare medie ĸi utilizarea unor unelte comune.   
Pentru conŞinutul ridicat de substanŞe care formeazŁ depuneri 

la ardere nu existŁ o soluŞie care sŁ poatŁ fi asociatŁ exploatŁrii 
motorului. Aĸadar, uleiurile vegetale care urmeazŁ sŁ fie 
folosite la alimentarea motoarelor Diesel trebuie sŁ fie 
tratate ´n vederea eliminŁrii acestor substanŞe. Principala 
categorie de substanŞe provocatoare de depuneri este 
constituitŁ din compuĸi ai fosforului (Ăfosfatideò). Eliberarea 
uleiului de aceste componente necesitŁ desfŁĸurarea 
organizatŁ a unor reacŞii chimice ´n masa uleiului ´n cadrul 
unui proces numit, generic, Ădegumareò. EficienŞa procesului 
de degumare este ilustratŁ de conŞinutul de fosfor din uleiul 
prelucrat, care trebuie sŁ se situeze sub nivelul de 12 ppm 
(EN 14107) sau chiar 10 ppm (ASTM D 6751-07). O altŁ 
categorie de substanŞe provocatoare de depuneri este 
constituitŁ de aĸa-numitele Ăceruriò prezente ´n uleiurile 
vegetale crude. Ċn esenŞŁ, este vorba de aglomerŁri de 
molecule complexe, care formeazŁ particule microscopice 
cu consistenŞŁ de gel. Aceste microparticule au densitate 
foarte apropiatŁ de cea a uleiului ĸi dimensiuni ce depŁĸesc 
5 ɛm; prin urmare, ele nu pot fi ´ndepŁrtate prin acŞiuni de 
centrifugare, dar pot fi reŞinute ´n cadrul unei filtrŁri cu fineŞea 
de 5 ɛm sau mai bunŁ. Ċn concluzie, uleiurile vegetale 
destinate utilizŁrii drept combustibili pentru motoare Diesel 
trebuie sŁ fie condiŞionate prin degumare ĸi filtrare la 
nivelurile menŞionate. 
 
3. REZULTATE 
CercetŁrile experimentale desfŁĸurate ´n laboratoarele 

INMA, ´n regie proprie, deci cu susŞinere financiarŁ limitatŁ, 
au urmŁrit conturarea unor soluŞii practice care sŁ permitŁ 
alimentarea alternativŁ a motoarelor Diesel cu uleiuri 
vegetale crude, degumate ĸi filtrate. 
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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 Ăcoldò starting, at temperatures appropriate to 
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-oil 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 ºC 
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. 

Prima direcŞie de acŞiune examinatŁ a vizat comportarea 
motoarelor Diesel la alimentarea cu mixturi motorinŁ ï ulei 
vegetal crud. Rezultatele obŞinute, confirmate în urma unor 
´ncercŁri repetate ĸi atent procedurate, permit susŞinerea 
faptului cŁ la alimentarea motoarelor Diesel cu mixturi 
motorinŁ ï ulei vegetal crud conŞin©nd p©nŁ la 30% ulei 
comportarea acestora este identicŁ celei din cazul alimentŁrii 
cu motorinŁ. Aspectele examinate au privit ponirea Ăla receò 
a motoarelor la temperaturi ambientale caracteristice 
sezonului rece, performanŞele energetice ĸi consumul 
specific de combustibil al acestora. Uleiurile folosite au fost 
obŞinute pe filierŁ comercialŁ, deci au fost produse prin 
tehnologii uzuale din seminŞe de rapiŞŁ, soia ĸi floarea-
soarelui. Efectul potenŞial al acestor rezultate este important, 
pentru cŁ ne confirmŁ faptul cŁ existŁ posibilitatea substituirii 
relativ rapide a p©nŁ la 30% din consumul de motorinŁ al 
motoarelor Diesel aflate în exploatare cu uleiuri vegetale 
crude condiŞionate (degumate ĸi filtrate), prin adoptarea 
practicii de alimentare a acestora cu mixturi motorinŁ ï ulei 
vegetal. Se poate aprecia cŁ, ´n acestŁ variantŁ, 
dificultŁŞile Şin de disponibilitatea cantitŁŞilor necesare de 
uleiuri vegetale condiŞionate la calitatea corepunzŁtoare. 

A doua direcŞie de acŞiune examinatŁ a vizat definirea 
aranjamentelor necesare pentru ´nlocuirea cvasitotalŁ a 
motorinei cu uleiuri vegetale, în cadrul unor conduite de 
alimentare alterantivŁ secvenŞialŁ.  
Ċn acestŁ direcŞie, primul obiectiv urmŁrit a fost determinarea 

temperaturilor la care trebuie pre´ncŁlzit uleiul vegetal pentru 
ca procesul de injecŞie sŁ fie satisfŁcŁtor sub aspect calitativ, în 
sensul asigurŁrii unor condiŞii bune pentru desfŁĸurarea 
proceselor de autoaprindere ĸi ardere din cilindrii motoarelor. 
ĊncercŁri comparative, efectuate pe un stand de injecŞie ĸi 
apreciate prin examinarea vizualŁ a aspectelor jeturilor de 
combustibil filmate cu o frecvenŞŁ de 1000 imagini pe secundŁ, 
au arŁtat cŁ injectarea uleiului de rapiŞŁ ´ncŁlzit la temperaturi 
´n domeniul 80 ... 100 ÜC prezintŁ aspecte comparabile cu 
cele de la injectarea de motorinŁ la temperatura ambiantŁ 
(figura 1), iar diferenŞele de viscozitate ´n cele douŁ 
sutuaŞii nu conduc la variaŞii ale presiunii de injecŞie. 

 

        
a      b 

Fig. 1. Aspects of the injection jets on the test bed / Aspectele jeturilor de injecŞie pe standul de ´ncercŁri 
a ï diesel fuel / motorinŁ (22 ºC; 190 bar); b ï rapeseed oil / ulei de rapiŞŁ (90 ºC; 190 bar) 

 

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 60ºC, 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 oil, 
characteristics were raised, and the homologous results 
were compared. Graphical aspects of compared values 
evolution are shown in diagrams M, P, and c below. 

 Pentru evaluarea comportŁrii unui motor ´n condiŞiile alimentŁrii 
cu ulei de rapiŞŁ ´ncŁlzit a fost construit un dispozitiv experimental 
care permite ´ncŁlzirea uleiului ´n douŁ etape. Prima dintre 
acestea foloseĸte cŁldura din sistemul de rŁcire al motorului ĸi 
´ncŁlzeĸte uleiul la temperatura de 60ÜC, ´nainte de intrarea ´n 
bateria de filtre. A doua etapŁ de ´ncŁlzire apeleazŁ la o 
rezistenŞŁ electricŁ plasatŁ ´n circuitul de alimentare, la intrarea 
´n pompa de injecŞie ĸi alimentatŁ de instalaŞia electricŁ ce 
asistŁ motorul. DistribuŞia combustibililor a fost controlatŁ prin 
electrovalve. Dispozitivul experimental descris a fost montat pe 
un motor cu puterea de 33 kW, model D115, cu injecŞie directŁ 
ĸi camerŁ de ardere tip Meurer, instalat pe un tractor agricol. 
Evaluarea performanŞelor a fost fŁcutŁ prin ridicarea carateristicii 
de turaŞie la priza de putere, ´n regim de sarcinŁ totalŁ. Au fost 
ridicate caracteristici ´n condiŞiile alimentŁrii cu motorinŁ ĸi cu 
ulei de rapiŞŁ ´ncŁlzit, iar rezultatele omologe au fost supuse 
comparaŞiei. Aspectele grafice ale evoluŞiilor mŁrimilor 
comparate sunt prezentate ´n diagramele M, P, ĸi c de mai jos. 
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CHART c. Evolution of the specific fuel consumption /

DIAGRAMA c. EvoluŞia consumului specific de combustibil 
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CHART P. Evolutio of the PTO developed power /

DIAGRAMA P. EvoluŞia puterii dezvoltatŁ la prizŁ
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CHART M. Evolution of the PTO developed torque / 

DIAGRAMA M. EvoluŞia momentului dezvoltat la priza de putere
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After examining the diagrams it has resulted that the 
testing engine feeding with warmed rapeseed oil 
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. 
 
REFERENCES 
[1]. Apostolescu N., Taraza D. (1979) ï Bases of 
experimental research of thermal machines, Didactic and 
Pedagogical Publishing House, Bucharest; 
[2]. AramŁ C., Gr¿nwald B. (1966) ï Internal combustion engines. 
Processes and characteristics, Technical Publishing House, Bucharest; 
[3]. Grünwald B. (1980) ï Theory, construction and calculation 
of internal combustion engines for road vehicles, Didactic 
and Pedagogical Publishing House, Bucharest; 
[4]. Heywood J. B. (1999) ï Internal Combustion Engine 
Fundamentals, The Chartened Mechanical Engineer, London; 
[5]. Nicolescu M.A. (2007) ï Relevant properties of alternative 
liquid fuel designed to Diesel engines operation under 
multifuel regime, INMATEH ï Agricultural Engineering, 
vol. 27, no. 1 / 2009, ISSN 1583-1019, pg. 50-55; 
[6]. Vasilescu C.A. and others (1972) ï Correlations 
between liquid fuel and internal combustion engine, 
Academy Publishing House, Bucharest. 

 Din examinarea diagramelor rezultŁ cŁ alimentarea motorului 
de test cu ulei de rapiŞŁ ´ncŁlzit provoacŁ uĸoare scŁderi ale 
momentului ĸi puterii dezvoltate, precum ĸi o uĸoarŁ creĸtere 
a consumului specific de combustibil. Aceste variaŞii sunt fireĸti, 
deoarece puterea caloricŁ inferioarŁ a uleiului de rapiŞŁ este 
cu circa 2% mai micŁ dec©t cea a motorinei, iar ´ncŁlzirea 
uleiului ´naintea injecŞiei este de naturŁ sŁ provoace o 
uĸoarŁ reducere a masei dozei de combustibil injectat. 
 
4. CONCLUZII 
Rezultatele obŞinute ĸi prezentate sunt ´n mŁsurŁ sŁ valideze 

posibilitatea alimentŁrii alternative a motoarelor Diesel cu 
uleiuri vegetale crude. Substituirea parŞialŁ a motorinei prin 
prepararea de mixturi motorinŁ ï ulei vegetal este cea mai 
simplŁ, pentru cŁ nu necesitŁ intervenŞii ´n zona motorului. Ċn 
cazul ´n care se urmŁreĸte substituirea cvasitotalŁ a motorinei 
cu uleiuri vegetale, pe calea adoptŁrii unei conduite de 
alimentare alternativŁ secvenŞialŁ ĸi a ´ncŁlzirii uleiului ´naintea 
alimentŁrii, este necesarŁ prezenŞa unui dispozitiv adiŞional 
care sŁ asigure funcŞiile descrise mai sus. Ċn toate variantele, 
trebuie subliniat faptul cŁ uleiul vegetal folosit trebuie condiŞionat în 
prealabil prin degumare ĸi filtrare la nivelurile menŞionate. 
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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: biodegradation, waste, enzymes, 

microorganisms 

 

 

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 ï 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. 

 Rezumat: Biomasa vegetalŁ formatŁ  ´n urma procesului 

de fotosintezŁ alŁturi de deĸeurile ĸi subprodusele de 

naturŁ industrialŁ conŞin o serie de compuĸi organici din 

care cea mai mare parte o constituie celuloza, lignina, 

substanŞele pectice, amidonul ĸi in cantitŁŞi mai reduse 

lipide, acizi nucleici etc. Enzimele ca amilazele, 

proteazele, lipazele ĸi celulazele joacŁ un rol important ´n 

biodegradarea acestor substanŞe ĸi sunt utilizate pe scarŁ 

largŁ ´n tratarea materialului vegetal ´n scopul obŞinerii de 

compuĸi cu masŁ molecularŁ micŁ. Cercetarile efectuate 

au ca scop izolarea, selecŞionarea ĸi caracterizarea unor 

microorganisme amilolitice, proteolitice, lipolitice ĸi 

celulozolitice ´n scopul biodegradŁrii deĸeurilor organice. 

Microorganismele au fost izolate utilizând metode de 

screening pe medii de culturŁ agarizate, in prezenta unor 

substraturi specifice si au fost caracterizate din punct de 

vedere al caracterelor morfocoloniale si microscopice. 

 

Cuvinte cheie: biodegradare, deĸeuri, enzime, 

microorganisme 

 

 

INTRODUCERE 

Activitatea saprofiticŁ a microorganismelor denumitŁ 

biodegradare este esenŞialŁ ´n biosferŁ deoarece 

compuĸii macromoleculari (celuloza, hemiceluloza, 

subsŞante pectice, amidon, lipide, proteine) sunt 

transformaŞi ´n compuĸi mai simpli care intrŁ ´n circuitul 

carbonului ´n naturŁ. Diferitele procese industriale, 

aĸezŁrile rurale ĸi urbane genereazŁ deĸeuri de naturŁ 

organicŁ ce pot fi degradate de microorganismele 

producŁtoare de enzime hidrolitice ï bacterii ĸi fungi [6,8]. 

Ċn sfera de activitate a biotehnologiilor agricole intrŁ ĸi 

utilizarea surselor biologice regenerabile pentru 

producerea de energie, obŞinerea de biomasŁ microbianŁ 

proteicŁ precum ĸi prelucrarea microbiologicŁ a 

reziduurior industriale ĸi casnice, ´n scopul asigurŁrii unui 

echilibru ecologic normal ĸi a unei agriculturi sustenabile. 

Recent enzimele cu acŞiune hidroliticŁ sunt exploatate ´n 

bioremedierea deĸeurilor complexe [3].  

Microorganismele au o largŁ rŁspandire ´n mediul 

ambiant, fiind întâlnite în toate habitatele naturale [1]. 

Stratul superficial al solului le asigurŁ condiŞii de creĸtere 

ĸi supravieŞuire ĸi de aceea reprezintŁ una din principalele 

surse pentru izolarea microorganismelor de interes 

industrial [11]. Enzimele hidrolitice sunt metaboliŞi primari 

sintetizaŞi de microorganisme ´n faza de creĸtere 

exponenŞialŁ. Sunt de obicei exoenzime secretate ´n 

scopul transformŁrii substratului ´n nutrienŞi [4,12]. 

Dintre enzimele microbiene care hidrolizeazŁ amidonul 

fac parte alfa-amilaza, beta-amilaza ĸi glucoamilaza, 

enzime extracelulare elaborate de bacterii, mucegaiuri ĸi 

drojdii. Bacteriile genului Bacillus (B. subtilis, 
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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 hydrolytic 

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].  

 

Culture media 

Selection of hydrolytic microorganisms was conducted 

on the following culture media:  

1. Culture medium for highlighting the amylolitic colonies: 

ï yeast extract 2.5 g/l, soluble starch 10 g/l, K2HPO4 1 g/l, 

MgSO4.7H2O 0,5 g/l, agar-agar 15 g/l. Starch hydrolysis is 

B.licheniformis, B.cereus, B.megaterium), mucegaiuri din 

genurile Aspergillus (A. niger, A. oryzae), Rhizopus (R. 

oryzae), Mucor sintetizeazŁ enzime amilolitice [9]. Dintre 

drojdii, cei mai importanŞi din acest punct de vedere sunt 

reprezentanŞii genurilor Saccharomycopsis, Tricosporon, 

Candida. 

Bacteriile care produc enzime celulozolitice cuprind 

celule cu forme spiralate aparŞin©nd genurilor: Cytofaga, 

Cellvibrio, Cellulomonas. Mucegaiurile cu activitate 

celulozoliticŁ superioarŁ sunt:  Fusarium, Mucor, 

Trichoderma, Aspergillus, Rhizopus.  

Proteinele conŞinute ´n materia organicŁ nevie, care se 

acumuleazŁ ´n sol ĸi ape, prin moartea plantelor, 

animalelor, microorganismelor, pot fi hidrolizate sub 

acŞiunea proteazelor extracelulare produse de cŁtre 

bacterii ĸi mucegaiuri [2]. Proteazele sunt produse de un 

numŁr de bacterii ale genului Bacillus, Streptomyces, 

Proteus, Clostridium, Pseudomonas ĸi de mucegaiuri din 

genul Aspergillus, Rhizopus, Penicillium, Mucor. 

Lipidele nu pot fi asimilate dec©t dupŁ hidroliza lor ´n 

prezenŞa enzimelor specifice, numite în general lipaze, 

dar, grupate totuĸi ´n funcŞie de tipul substratului pe care 

´l degradeazŁ ´n trei categorii: esteraze, lipaze ĸi 

lecitinaze.  

Lipazele sunt sintetizate de numeroase microorganisme: 

mucegaiuri (genul Rhizopus, Mucor, Aspergillus, 

Fusarium, Penicillium, Geotrichum ĸ.a.) ĸi drojdii ale 

genului Candida [7]. 

 

 

MATERIALE ķI METODE 

Izolarea tulpinilor microbiene  

Izolarea microorganismelor producŁtoare de enzime 

hidrolitice s-a efectuat din probe de sol din zona verde a 

facultŁŞii. Au fost recoltate steril probe de aproximativ 5 

grame de sol care au fost apoi omogenizate cu apŁ sterilŁ 

în raport de 1:2 pentru diluare. Pe mediul Nutrient agar din 

cutiile Petri s-au trasat striuri ´n scopul obŞinerii de colonii 

izolate de bacterii ĸi fungi.  Culturile au fost termostatate la 

20
o
C timp de 5 zile sau cât a fost necesar pentru 

dezvoltare. Din coloniile crescute pe suprafaŞa mediului au 

fost recoltate cu firul metalic fragmente de biomasŁ 

celularŁ care au fost apoi inoculate ´n tuburi pentru a se 

obŞine tulpini microbiene pure genetic. Bacteriile au fost 

inoculate pe agar nutritiv cu peptonŁ, extract de carne, 

agar, iar fungii pe mediul PDA conŞin©nd infuzie de cartof, 

glucozŁ ĸi agar. 

 

Metode de screening pentru selecŞionarea tulpinilor 

producŁtoare de enzime hidrolitice 

Pentru selecŞionarea coloniilor hidrolitice au fost utilizate 

medii specifice care permit vizualizarea microorganismelor 

producŁtoare de enzime care difuzeazŁ ´n gelul de agar. 

Ċn jurul coloniilor productive apare o zonŁ de lizŁ a 

substratului ĸi se formeazŁ un halou diferit de restul 

mediului de culturŁ. Se defineĸte indicele enzimatic ca 

raportul dintre diametrul zonei de hidrolizŁ ĸi diametrul 

coloniei ĸi reprezintŁ o masurŁ a cantitŁŞii de enzimŁ 

produsŁ [5,10].  

 

Medii de cultura 

SelecŞionarea microorganismelor hidrolitice a fost 

realizatŁ pe urmatoarele medii de culturŁ: 

1. Mediu de culturŁ pentru evidenŞierea coloniilor amilolitice: - 

extract de drojdie 4 g/l , amidon solubil 10 g/l, K2HPO4 1 

g/l, MgSO4.7H2O 0,5 g/l, agar-agar 15 g/l. 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, K2HPO4          

0,2 g/l, MgSO4 ·7H2O 0,2 g/l, K2CO3 0,4 g/l, CaCl2  0,02 g/l,  

FeSO4·7H2O 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)2  0,15 g/l, CaCl2 0,05 g/l, 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 CaCl2. 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 CaCl2 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 

different types. The term ñmicrobial activityò comprises all 

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 C̄. 

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 

amidonului este evidenŞiatŁ prin adaos de solutie Lugol 

care formeazŁ un complex colorat numai in prezenŞa amidonului. 

2. Mediu de culturŁ pentru evidenŞierea coloniilor 

celulozolitice: celulozŁ pudrŁ 2,5 g/l, peptonŁ 0,5 g/l, 

K2HPO4 0,2 g/l, MgSO4 ·7H2O 0,2 g/l, K2CO3 0,4 g/l,  CaCl2 

0,02 g/l, FeSO4·7H2O 0,02 g/l, NaCl 0,02 g/l, agar-agar 15 

g/l. Prin hidroliza celulozei din jurul coloniei mediul de 

culturŁ devine transparent. 

3. Mediu de culturŁ pentru evidenŞierea coloniilor 

proteolitice: cazeinŁ 2,5 g/l, Ca(OH)2  0,15 g/l, CaCl2 0,05 

g/l, agar-agar 15 g/l. Hidroliza cazeinei la peptide ĸi 

aminoacizi determinŁ producerea unei zone transparente 

în jurul coloniei. 

4. Mediu de culturŁ pentru evidenŞierea coloniilor lipolitice: 

agar nutritiv la care se adaugŁ 2 ml soluŞie de Tween 80 

1% ĸi 1 ml soluŞie CaCl2 1%. Lipazele din grupa 

esterazelor hidrolizeazŁ compuĸii denumiŞi ñTWEENò, care 

sunt esteri ai sorbitolului cu acizii graĸi cu lanŞ lung. Acizii 

graĸi eliberaŞi sub acŞiunea lipazelor reacŞioneazŁ cu 

CaCl2 ĸi formeazŁ sŁruri insolubile de calciu care 

determinŁ opacifierea mediului ´n jurul coloniilor 

producŁtoare de esteraze [5]. 

 

Caracterizarea  microorganismelor izolate 

Dezvoltarea coloniilor pe agar a fost utilizatŁ pentru 

identificarea bacteriilor ĸi fungilor, deoarece speciile 

individuale formeazŁ adesea colonii cu mŁrimi ĸi aspecte 

caracteristice. Culturile au fost examinate ĸi evaluate 

macroscopic ĸi microscopic ĸi au fost identificate pe baza 

morfologiei lor. 

Au fost studiate cu ochiul liber diametrul, forma, 

suprafaŞa, consistenŞa, culoarea ĸi profilul coloniilor. S-a 

examinat structura microscopicŁ a microorganismelor 

(dimensiunea celulelor, hife, conidiospori). 

 

 

REZULTATE 

Ċn sol se aflŁ un mare numŁr de tipuri morfologice ĸi 

fiziologice de microorganisme. Dintre acestea, 

microorganismele heterotrofe obŞin carbonul ´n principal 

din nutrienŞi organici. Cuantificarea comunitŁŞilor 

microbiene din sol este complicatŁ deoarece acestea sunt 

´n mod obiĸnuit ataĸate de mineralele ĸi materia organicŁ 

din sol ĸi se gŁsesc ´n consorŞii conŞin©nd diferite tipuri. 

Termenul Ăactivitate microbianŁò se referŁ la totalitatea 

reacŞiilor biochimice catalizate de enzimele microbiene ´n 

sol. 

Din probele de sol utilizate pentru screeningul de 

microorganisme producŁtoare de enzime hidrolitice s-a 

reuĸit izolarea unui numŁr de 52 de tulpini bacteriene ĸi 

fungice din 20 de cutii Petri. În figura 1 este ilustrat 

aspectul culturilor în striuri din probele de sol. 

Cele 52 de colonii izolate au fost caracterizate din 

punct de vedere al producerii de enzime hidrolitice: 

amilaze, celulaze, proteaze ĸi lipaze prin tehnicile de 

screening menŞionate mai sus. Ċn tabelul 1 sunt prezentate 

microorganismele cu activitate enzimaticŁ. Indicii 

amilolitici, celulozolitici, proteolitici ĸi lipolitici au fost 

determinaŞi dupŁ 3 ĸi 5 zile de dezvoltare la 30
o
C.  

Din cele 10 tulpini izolate din probele de sol, 7 sunt 

bacterii aerobe aparŞin©nd genului Bacillus (B1, B2, B3, 

B4, B5, B6, B7) iar 3 sunt mucegaiuri comune (M1 si M2 

fac parte din genul Aspergillus, iar M3 este o tulpinŁ de 

Penicillium). Din valorile calculate pentru indicii enzimatici 

rezultŁ cŁ 8 tulpini sunt producŁtoare de amilaze, doar 2 

fungi sintetizeaza celulaze, 6 tulpini produc proteaze ĸi 4 
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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. 

colonii produc lipaze. Nici unul din microorganismele 

testate nu sintetizeazŁ concomitent toate enzimele 

hidrolitice analizate.  

 

 a  b  c 
Fig. 1 - Appearance of streaking microbial cultures from soil samples a) sample 1 b) sample 2 c) sample 3 / 

Aspectul culturilor microbiene în 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 
Amylolytic index / 
Indice amilolitic  

Cellulolytic index / 
Indice celulolitic 

Proteolytic index / 
Indice proteolitic 

Lipolytic index / Indice 
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 1.2 / 1,2 1.3 / 1,3 - - 2.1 / 2,1 2.3 / 2,3 - - 

B2 1.1 / 1,1 1.2/ 1,2 - - 1.5 / 1,5 1.7 / 1,7 1.3 / 1,3 1.5 / 1,5 

B3 1.6 / 1,6 1.8 / 1,8 - - - - 1.4 / 1,4 1.5 / 1,5 

B4 - - - - 2.1 / 2,1 2.3 / 2,3 1.2 / 1,2 1.5 / 1,5 

B5 2.1 / 2,1 2.2 / 2,2 - - 2.2 / 2,2 2.3 / 2,3 - - 

B6 1.8 / 1,8  2.1 / 2,1 - - 1.3 / 1,3 1.4 / 1,4 - - 

B7 1.6 / 1,6 1.7 / 1,7 - - 2.2 / 2,2 2.3 / 2,3 1.4 / 1,4 1.8 / 1,8 

M1 - - 1.3 / 1,2 1.6 / 1,6 - - - - 

M2 2.3 / 2,3 2.5 / 2,5 1.2 / 1,2 1.6 / 1,6 - - - - 

M3 2.5 / 2,5 2.7 / 2,7 - - - - - - 

 
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 celulei ´n scopul degradŁrii substratului pentru 

eliberarea de nutrienŞi necesari celulei. Enzimele reprezintŁ 

metaboliŞi primari sintetizati de la ´nceputul fazei exponenŞiale 

de creĸtere a microorganismelor, imediat dupa faza de lag, 

aĸa cum se poate observa ĸi din datele experimentale. 

Aceĸti compuĸi ajung sŁ se acumuleze ´n mediul de culturŁ 

în cantitate mai mare dupŁ 5 zile de termostatare. DacŁ 

microorganismele selecŞionate sunt cultivate ´n medii 

lichide cu agitare, enzimele vor fi sintetizate pe toatŁ 

perioada fazei de creĸtere exponenŞialŁ ĸi pot fi separate 

din mediu la sf©rĸitul dezvoltŁrii microorganismului. 

Din punct de vedere al vitezei de creĸtere a coloniilor 

bacteriile s-au dezvoltat din primele 24 de ore, dupŁ o 

scurtŁ fazŁ de lag, deĸi producŞia de enzime a ´nceput 

mai t©rziu. Cele 3 tulpini de mucegaiuri au avut o fazŁ de 

´nt©rziere a creĸterii mai lungŁ, iar coloniile au devenit 

vizibile dupŁ 48 de ore. AceastŁ ´nt©rziere poate fi explicatŁ 

prin timpul necesar germinŁrii conidiosporilor de mucegai 

de pe suprafaŞa mediului agarizat.  Hidroliza enzimaticŁ a 

substratului din mediul de culturŁ a ´nceput odatŁ cu 

creĸterea coloniilor, adicŁ odatŁ cu faza exponentialŁ. 
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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 indices/ Aspectul coloniilor bacteriene ĸi fungice pe mediile specifice pentru determinarea indicilor a, b, c) 
amilolitici; d,e) celulozolitici; f, g) proteolitici; h) lipolitici 

 
Selected strains were characterized from morfocolonial and 

microscopic points of view for the purpose of  taxonomic 
classification and to establish the conditions for the biosynthesis 
of hydrolytic enzymes at laboratory level. Bacteria were 
grown on nutrient agar and the fungi onto the medium with 
glucose and potato extract and the main characteristics of 
the colonies were determined,  presented in table 2. 

 Tulpinile selecŞionate au fost caracterizate din punct de 
vedere morfocolonial ĸi microscopic ´n scopul ´ncadrŁrii 
lor taxonomice ĸi a stabilirii condiŞiilor de biosintezŁ a 
enzimelor hidrolitice la nivel de laborator. Bacteriile au fost 
cultivate pe agar nutritiv iar fungii pe mediul cu glucozŁ ĸi 
extract de cartof ĸi s-au stabilit principalele proprietŁŞi ale 
coloniilor, prezentate în tabelul 2. 

 
Table 2 / Tabelul 2 

The morphocolonial characteristics of selected colonies/  
Caracteristici morfocoloniale ale coloniilor selecŞionate 

 

Colonies / 

Colonii 

Diameter (after 5 
days of growth) / 
Marime (dupa 5 
zile de crestere), 

[cm] 

Shape / Forma 
Surface/ 

Suprafata 
Color/ Culoare 

Consistency/ 

Consistenta 

Profile/ 

Profil 

B1 ï B7 

Bacillus sp. 
1-2 

Irregular, wavy edges / 

Neregulata, margini 

ondulate 

Rough / 

Rugoasa 

White, white-

gray / Alb, alb-

gri 

Dry, opaque 

colonies/ Uscate, 

colonii opace 

Plate / Plat 

M1 

Aspergillus 

sp. 

4 

Circular, uniform edge, 

concentric striations / 

Circulara, margini 

uniforme, striatii 

concentrice 

Downy to 

powdery / 

Pufoasa- 

prafoasa 

Brown-black, 

white edge / 

Brun-negru, 

margine alba 

- 
Raised / 

Crescut 

M2 

Aspergillus 

sp. 

4,5 

Circular, uniform edge, 

concentric striations / 

Circulara, margini 

uniforme, striatii 

concentrice 

Downy to 

powdery / 

Pufoasa- 

prafoasa 

Brown-black, 

white edge / 

Brun-negru, 

margine alba 

- 
Raised / 

Crescut 

M3 

Penicillium 

sp. 

3 

Circular, uniform edge, 

concentric striations / 

Circulara, margini 

uniforme, striatii 

concentrice 

Sandy /  

Nisipoasa 

Green, white 

edge / Verde, 

margine alba 

- 
Raised / 

Crescut 

 
Bacillus subtilis is a ubiquitous bacterium commonly 

recovered from soil and decomposing plant residue. It is a 

Gram positive bacterium, aerobic, rod-shaped, 3-5 

micrometers in lenght and can produce an endospore that 

allows it to endure extreme conditions of heat and 

desiccation in the environment. B. subtilis produces a 

variety of proteases, amylases, lypases, glucanases  and 

other enzymes that enable it to degrade a variety of natural 

 Bacillus subtilis este o bacterie cu rŁsp©ndire ubicuitarŁ 

´nt©lnitŁ ´n mod obiĸnuit ´n sol ĸi care descompune 

resturile vegetale. Este o bacterie Gram pozitivŁ, aerobŁ, 

´n formŁ de bastonaĸ, cu o lungime de 3-5 micrometri ĸi 

care poate produce endospori ´n condiŞii de uscŁciune ĸi 

temperaturŁ crescutŁ ´n mediu. Bacillus subtilis produce o 

varietate de proteaze, amilaze, lipaze, glucanaze ĸi alte 

enzime cu care degradeazŁ o serie de substrate naturale 
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substrates and contribute to nutrient cycling.  

In the tested samples, the level of Bacillus  population 

was about 10
5  

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 subtilis, 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 no 

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. 

contribuind la circuitul elementelor nutritive.  

Ċn probele testate, nivelul populaŞiei de Bacillus a fost  

de aproximativ 10
5
 celule pe gram de sol, mŁsurat prin 

metoda diluŞiilor. 

Cu toate acestea, p©nŁ c©nd solul nu este tratat cu 

materie organicŁ conŞin©nd nutrienŞi uĸor asimilabili, bacilii 

rŁm©n ´n stadiul de endospor.  

Speciile de Bacillus licheniformis ĸi pumillus sunt strâns 

´nrudite ĸi este dificil de a face distincŞia ´ntre cele trei 

grupe care istoric au fost clasificate ´mpreunŁ ´n grupul 

subtilis. 

Utilizarea industrialŁ a bacteriei B. subtilis nu pune 

probleme de risc asupra sŁnŁtŁŞtii omului ĸi mediului sau 

aceste riscuri sunt scŁzute. 

Cele 7 tulpini ale genului Bacillus izolate formeazŁ pe 

mediul cu agar nutritiv colonii albe, cu margini neregulate, 

cu aspect uscat, profil plat ĸi suprafaŞŁ rugoasŁ. Toate 

bacteriile produc câte 2 enzime hidrolitice: 6 din ele produc 

amilaze ĸi proteaze, 4 produc lipaze ĸi nici una nu produce 

celulaze. Toate coloniile au avut un indice enzimatic mai 

mare dupŁ 120 de ore. Enzima produsŁ se acumuleazŁ ´n 

mediul agarizat ĸi difuzeazŁ ´n jurul coloniei determin©nd 

hidroliza substratului. Ċn mediul natural bacteriile ´ĸi procurŁ 

astfel nutrienŞii (oligozaharide, glucozŁ, aminoacizi, glicerol, 

acizi graĸi) cu masŁ molecularŁ micŁ ĸi care pot strabate 

membrana plasmaticŁ. 

Fungii constituie un grup de microorganisme cu largŁ 

rŁsp©ndire ´n naturŁ ´n special ´n sol.  DatoritŁ faptului cŁ 

produc numeroase enzime hidrolitice ĸi existŁ ´n naturŁ ca 

saprofiŞi, fungii au de asemenea o contribuŞie majorŁ la 

degradarea deĸeurilor vegetale. 

Enzimele hidrolitice fungice reprezintŁ aproximativ 40% 

din piaŞa globalŁ de enzime ĸi au o serie de aplicaŞii 

industriale. Este astfel necesar screeningul acestor enzime 

pentru ´mbunŁtŁŞirea caracteristicilor. Este de remarcat cŁ 

un mare numŁr de izolate produc una sau mai multe enzime. 

Genul Aspergillus produce mai multe enzime hidrolitice 

implicate ´n degradarea deĸeurilor: amilaze, proteaze, 

celulaze, lipaze, pectinaze etc. Aspergillus niger este 

probabil cea mai rŁsp©nditŁ specie de aspergilli ĸi are o 

vitezŁ mare de creĸtere ´n condiŞii favorabile. 

Au fost izolate din probele de sol 2 tulpini de Aspergillus 

niger care produc celulaze (M1, M2) ĸi amilaze (M1). 

Aceste mucegaiuri formeazŁ colonii de culoare brun-negru 

cu margine albŁ, circulare, cu striaŞii concentrice, profil 

crescut,  suprafaŞŁ pufoasŁ-prŁfoasŁ ĸi diametru de 4-5 cm 

pe medii specifice ĸi produc exoenzime care acŞioneazŁ 

asupra substratului. Genul Aspergillus este bine cunoscut 

pentru echipamentul enzimatic utilizat în ultimii ani pentru 

obŞinerea de preparate industriale. 

Colonia de Penicillium (M3) produce doar enzime 

amilolitice dar valoarea indicelui este promiŞŁtoare pentru 

cultivarea ulterioarŁ. Pe mediul PDA Penicillium formeazŁ 

colonii circulare, cu aspect nisipos, cu striaŞii concentrice, 

de culoare verde ĸi margine albŁ. Enzimele produse de 

speciile de Penicillium au mai multe avantaje asupra 

enzimelor din alte surse.  Acest lucru este datorat faptului 

cŁ speciile de Penicillium sunt larg rŁsp©ndite ´n naturŁ, 

fiind cele mai abundente ´n sol ĸi ´n fructele ´n 

descompunere, nepretenŞioase ´n cerinŞele nutriŞionale ĸi 

pot creĸte pe diferite substrate ĸi ´ntr-o gamŁ largŁ de 

condiŞii de mediu. 

Aspectul microorganismelor selecŞionate pentru biosinteza 

de enzime este prezentat în figura 3. 
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Fig. 3 - The aspect of a) Bacillus sp. on the microscopic preparation;  b) colonies of Aspergillus niger; c) colony of Penicillium sp./ 

Aspectul a) Bacillus sp. pe preparatul microscopic; b) colonii de Aspergillus niger; c) colonie de Penicillium sp. 

 
CONCLUSIONS 

¶ Soil is a highly complex system characterized by a 
variety of biological, chemical and physical processes, 
which are markedly influenced by environmental 
factors. Microorganisms play a key role in the 
decomposition of soil organic matter and nutrient 
cycling, and therefore microbial activity is most 
important for maintenance of soil fertility. The integrity 

of the metabolic capacity of the soil microflora is a 
fundamental requirement for any concept of soil 
protection, soil bioremediation and recultivation. 
Besides studying the physical, chemical and 
biochemical soil parameters, it is worthwhile to isolate 
and count soil microorganisms.  

¶ Enrichment and isolation of soil microorganisms is based 
on the cultivation of these microorganisms in liquid or 
agar media. Microorganisms are diverse in their specific 
physiology and correspondingly in their specific nutrient 
requirements. In aerobic sites of soils, microbial activity 
is dominated by the activities of obligate aerobic 
bacteria, facultative anaerobic bacteria, fungi, carrying 
out aerobic metabolism and fungal activities. 

¶ 52 colonies have been isolated from soil samples with 
10

5 
cells per gram of soil by  streaking technique onto 

nutrient agar medium. The bacterial and fungal colonies 
have been tested using screening methods in terms of 
the production of hydrolytic enzymes: amylases, 
cellulases, proteases and lipases. As a result of 
selection 10 strains of bacteria and fungi belonging to 
the genera Bacillus, Aspergillus and Penicillium, were 
preserved. These microorganisms  presented the best 
enzymatic indices, measured after 72 and 120 hours. 

¶ All the selected colonies were cultivated on specific 
media for characterization and identification. 7 Bacillus 
strains, 2 Aspergillus strains and 1 Penicillium have 
been found. 

¶ Microorganisms will be used for the biosynthesis of 
enzyme necessary for organic waste hydrolysis in 
order to obtain compounds with lower molecular mass 
that can be used as biofuels, feedstuff, fertilizer or 
other purposes. 
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 CONCLUZII 

¶ Solul este un sistem complex caracterizat  printr-o 
varietate de procese biologice, chimice ĸi fizice, 
influenŞate puternic de factorii de mediu. 
Microorganismele joacŁ un rol cheie ´n 
descompunerea materiei organice din sol ĸi ciclul 
nutrienŞilor, ´n acest mod activitatea microbianŁ fiind 
cea mai imoprtantŁ ´n menŞinerea fertilitŁŞii solului. 
Integritatea capacitŁŞii metabolice a microflorei din sol 
este o cerinŞŁ fundamentalŁ pentru orice lucrare de 
protecŞie, bioremediere ĸi recultivare a solului. Pe 
l©ngŁ studiul parametrilor fizici, chimici ĸi biologici ai 
solului, sunt necesare ĸi izolarea ĸi numŁrarea 
microorganismelor din sol. 

¶ Multiplicarea ĸi izolarea microorganismelor din sol este 
bazatŁ pe cultivarea acestor microorganisme ´n medii 
lichide sau agarizate. Microorganismele sunt diferite 
privind fiziologia lor specificŁ ĸi deci ´n cerinŞele 
nutritive. În zonele aerobe din sol, activitatea 
microbianŁ este dominatŁ de bacteriile obligat aerobe, 
facultativ anaerobe, fungi, desfŁĸur©nd un metabolism 
aerob ĸi activitŁŞi fungice. 

¶ Au fost izolate 52 de colonii din probe de sol având 10
5
 

celule pe gram de sol prin metoda striurilor pe agar 
nutritiv. Coloniile bacteriene ĸi fungice au fost testate 
utilizând metode de screening pentru producerea de 
enzime hidrolitice: amilaze, celulaze, proteaze ĸi 
lipaze. Ca rezultat al selecŞiei au fost pŁstrate 10 tulpini 
de bacterii ĸi fungi aparŞin©nd genurilor Bacillus, 
Aspergillus ĸi Penicillium. Aceste microorganisme au 
prezentat cei mai mari indici enzimatici mŁsuraŞi dupŁ 
72 ĸi 120 ore de dezvoltare. 

¶ Toate coloniile selectate au fost cultivate pe medii 
specifice pentru caracterizare ĸi identificare. Au fost 
gŁsite 7 tulpini de Bacillus, 2 de Aspergillus ĸi 1 de 
Penicillium. 

¶ Microorganismele vor fi utilizate pentru biosinteza 
enzimelor necesare hidrolizei deĸeurilor organice in 
scopul obŞinerii de compuĸi cu masŁ mai micŁ  
utilizaŞi ca biocombustibili, ´n furaje, fertilizatori ĸi alte 
scopuri. 
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