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Abstract: In our country, at present, about 90% of the
rural population uses the solid biomass as a source of
heat. In Romania, biomass represents an important
source of energy not only in rural but also in urban
areas. Under these circumstances it is important to know
the potential of biomass, both theoretical and real, not
only at national level, but also divided by region or even
in certain clearly defined areas. This paper brings in a
general method for evaluate the energy potential of
solid biomass at national level. The proposed method is
based on systemic analysis on the one hand, and on the
other hand, is based on utilization of statistics available
at national level, and it can be applied to determine the
energy potential of biomass coming from only a certain
vegetal or wooden category, or from a certain area
clearly defined. Also, in the present work is performed
the evaluation of the real energy potential stored in
agricultural residues resulting from harvesting of 10 ha
of wheat. This method of evaluation is useful in
determining the real energy potential of solid biomass
and allows farmers to choose correctly the category of
biomass grown to be energetically capitalized.
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INTRODUCTION

In the context of a strong technological development,
due to increasing social demands, facing the world today,
the energy becomes indispensable for most human
activities.

In this context, the continuous growth of primary
energy consumption, returns in actuality a serious
problem, namely, depletion of fossil fuel reserve, taking
into account that now, at global level over 50% of primary
energy consumption comes from conventional energy
sources (fig.1). Thus, the biomass becomes again a vital
source of energy. Due to cyclicity of production and
conversion process, the biomass is considered a
renewable energy source and with positive impact on
environment. It is, also, considerd as an energy source
with a high availability worldwide, mainly due to its variety.

Assume of Directive 2009/28/CE of the European
Parliment on the promotion of the use of energy from
renewable sources, establishes for Romania as target
regarding the share of energy from renewable sources in
gross final consumption of energy, for 2020, a rate of
24%. [7].

In 2009, the production of primary energy from
renewable sources, for Romania, was of 18%(Fig.2).
Due to its climatic conditions and geographical position,
Romania has a techincal potential of biomass energy
of 0.318EJ/year or 88.3 TWh/year. Analyzing national
technical potential of renewable energy sources (Fig. 3),
we see that biomass energy potential is highest, thereby
constituting the main source of renewable energy
available to our country followed by hydro and wind
energy. National technical potential of biomass is
composed of five main categories: forestry residues
and firewood, wood waste, sawdust; agricultural waste
from grain, corn stalks; remanants of grape-vines, branches
of trees, etc.; biogas; municipal household waste.

Lack of information on types of solid biomass that can
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Rezumat: in fara noastrd, in prezent, circa 90% din
populafia din mediul rural utilizeaz& ca sursé de energie
termica biomasa solidd. In Romania biomasa reprezintd o
sursd importantd de energie, nu numai in mediul rural ci si in
mediul urban. In aceste condifii, este importantd
cunoagterea potentialului de biomasé& atéat teoretic cat si cel
real, nu numai la nivel nafional ci si divizat pe regiuni sau
chiar pe anumite zone clar stabilite. In lucrarea de fafa, se
propune o metoda generala de evaluare a potenfialului de
energie din biomasa solid& la nivel nafional. Metoda propuséa
are la bazad analiza sistemicad pe de o parte, iar pe de altd
parte utlizarea datelor statistice disponibile pe plan national,
si poate fi aplicatd si pentru determinarea potenfialului de
energie din biomasa provenitd numai dintr-o anumita
categorie vegetald sau lemnoasé sau dintr-o anumitd zona
clar delimitatd. Deasemenea , in lucrarea de fafd se
realizeazd evaluarea potenfialului real de energie
fnmagazinatd n rezidurile agricole rezultate in urma recoltdrii
a 10 ha. de grau. Aceastd metoda de evaluare este utild la
determinarea potenfialului real de energie din biomasa solida
si le permite fermierilor s& aleagd corect categoria de
biomasa cultivatd pentru a putea fi valorificatd energetic.

Cuvinte cheie: biomasd, metoda de evaluare, potenfial de energie

INTRODUCERE

In contextul unei puternice dezvoltari tehnologice,

impusa de cresterea cerintelor sociale, cu care se confrunta
omenirea in prezent, energia devine un element
indispensabil pentru majoritatea activitatilor umane.
n acest context, cresterea continud a consumului de energie
primara, readuce in actualitate o problema acuta si anume,
aceea a epuizarii rezervelor de combustibili fosili, mai ales ca
in prezent la nivel mondial peste 50% din consumul de
energie primara provine din surse de energie conventionale
(fig. 1). Astfel, biomasa redevine o sursa vitala de energie.
Datorita ciclicitatii proceselor de producere si conversie, biomasa
este considerata o sursa de energie cu caracter regenerabil si
cu impact pozitiv asupra mediului Tnconjurator. De asemenea,
este considerata ca sursa de energie cu un grad ridicat de
disponibilitate la nivel mondial, Tn special datorita varietatii sale.

Adoptarea Directivei 2009/28/CE a Parlamentului
European privind promovarea utilizarii energiei din surse
regenerabile stabileste ca si obiectiv privind ponderea
energiei din surse regenerabile in consumul final brut de
energie, pentru anul 2020, un procent de 24% pentru
Romania.[7].

La nivelul anului 2009, productia de energie primara din
surse regenerabile, pentru Romania, era de 18% (Fig.2).
Datorita conditilor climatice si pozitiei geografice, Roméania
dispune de un potential tehnic de energie din biomasa de 0,318
EJ/an sau 88,3 TWh/an. Analizand potentialul tehnic national al
surselor de energie regenerabile (Fig.3), observam ca biomasa
are potentialul energetic cel mai ridicat, constituindu-se astfel ca
principala sursa de energie regenerabild de care dispune
tara noastra, urmata de energia hidro si cea eoliana. Potentialul
tehnic nafional de biomasa este format din cinci categorii principale:
reziduuri din exploatari forestiere si lemn de foc, deseuri de
lemn, rumegus; deseuri agricole rezultate din cereale, tulpini
de porumb; resturi de vita-de-vie, crengi de pomi fructiferi
etc.; biogas; deseuri si reziduuri menajere urbane.

Lipsa informatiilor privind categoriile de biomasa solida care
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be used as an energy source, as well as those on their
energy potential, delay the implementation of new
technologies for generating energy from biomass.

In this context the method proposed in this paper is
intended as an instrument useful for assessing the real
energy potential of solid biomass, allowing evaluation of
the energy stored in a given category of biomass or of
those from a certain area.

MATERIALS AND METHOD

Solid biomass can be divided in two main categories:
vegetal biomass resulted as waste product from agricultural
crops and woody biomass resulted from forest exploatation
and clearing of forests and from wood processing industry.

Systemic analysis underlying the method of biomass
energy potential evaluation consists of an evaluation and
analysis of all factors involved in production, transport and
processing of biomass, followed by its conversion to energy.
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pot fi utilizate ca sursa de energie, precum si a celor referitoare
la potentialul energetic al acestora, incetinesc implementarea
noilor tehnologii de generare a energiei din biomasa.

Tn acest context metoda propusé in lucrarea de fata, se
doreste un instrument util pentru evaluarea potentialului real
de energie din biomasa solida, permitand evaluarea energiei
inmagazinate intr-o anumita categorie de biomasa sau a
celei provenita dintr-o anumita zona.

MATERIALE S| METODA

Biomasa solida se poate imparti Tn doua mari categorii:
biomasa vegetala rezultata ca produs rezidual din culturile
agricole si biomasa lemnoasa rezultata din exploatarea si
curatarea padurilor si din industria de prelucrare a lemnului.

Analiza sistemica care sta la baza metodei de evaluare a
potentialului energetic al biomasei constd in evaluarea si
analiza tuturor factorilor implicati in producerea, transportul si
procesarea biomasei urmata de conversia sa in energie.

PetroleumiFetral
35, 26%

1GasesiGaze naturale

23,08%

Fig. 1 - Structure of primary energy consumtion, by fuel source, worldwide in 2009 /
Structura consumului de energie primara pe surse de combustibili la nivel mondial Tn anul 2009 [5]
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Fig.2. Structure of primary energy production, by fuel source, in Romania, 2009 /
Structura productiei de energie primara pe surse de combustibili in Romania Tn anul 2009 [8]
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Fig.3. The potential of renewable energy sources in Romania in 2007 /
Potentialul surselor de energie regenerabile in Roménia, Th anul 2007 [6]

Given the above, the energy potential from solid biomass,
at national level, can be expressed by relation 1, where:

W - the total energy from solid biomass, available
nationwide,[kJ];
W_ - total energy from woody biomass, available
nationwide,[kJ];
Wy - the total energy from vegetal biomass, available

nationwide, [kJ];

46

Avand in vedere cele mentionate anterior, potentialul de energie
din biomasa solida, la nivel national, poate fi exprimat de relatia 1, unde:
W - Cantitatea totala de energie din biomasa solida,
disponibila la nivel national [kJ];

W — Cantitatea totala de energie din biomasa lemnoasa,
disponibila la nivel national [kJ];
Wy — Cantitatea totala de energie din biomasa vegetala,
disponibila la nivel national, [kJ];
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Each of the two components of the relation (1) is
expressed in turn in terms of lower order according to
relations (2) and (3), where:

W\, - the total amount of energy stored in the total amount
of woody biomass, available nationwide, as energy
sourcel[kJ];

W, - the total amount of energy consumed for
processing woody biomass available nationwide,as
energy source[kJ];

Wy; - the total amount of energy from vegetal biomass, in
category i, available nationwide, [kJ];

i=1, ..n - types of vegetal biomass, eg 1-vegetal biomass
resulting from the wheat crop; 2 -vegetal biomass resulting
from maize, etc.

Wy, - the total amount of energy stored in total amount of
vegetal biomass, of category i, available nationwide, as
energy source,[kJ];

Wyic - the total amount of energy consumed to obtain
vegetal biomass, of category i, available nationwide, as
energy source,[kJ];

The total amount of energy stored in the total amount
of vegetal biomass, in category i, available nationwide, as
energy source, can be calculated with relation 4, where:

Hvi - average calorific value of vegetal biomass, in
category i, available nationwide;

My - the total amount of vegetal biomass, in category i,
available nationwide [kg];

INMATEH — Agricubtusal Engineering

Fiecare dintre cele doua componente ale relatiei (1) se
exprima la randul ei in termeni de ordin inferior conform
relatiilor (2) si (3), unde:

W, — Cantitatea totala de energie inmagazinata in total
cantitate biomasa lemnoasa, disponibila la nivel national,
ca sursa de energie, [kJ];

W\, — Cantitatea totala de energie consumata pentru
procesarea biomasei lemnoase, disponibile la nivel
national, ca sursé de energie, [kJ];

W\y; — Cantitatea totala de energie din biomasa vegetala,
din categoria i, disponibila la nivel national, [kJ];

i = 1,...n — categoriile de biomasa vegetala , de ex.1-
biomasa vegetala rezultata din cultura de grau; 2-biomasa
vegetala rezultata din cultura de porumb; etc

Wyiy, — Cantitatea totala de energie inmagazinata in total
cantitate biomasa vegetala din categoria i, disponibila la
nivel national, ca sursa de energie, [kJ];

Wyic — Cantitatea totala de energie consumata pentru
obtinerea biomasei vegetale din categoria i, disponibile la
nivel national, ca sursa de energie, [kJ];

Cantitatea totala de energie Tnmagazinata in total cantitate
biomasa vegetala din categoria i, disponibila la nivel national,
ca sursa de energie, se poate calcula cu relatia 4, unde:

Hvi — Valoarea medie a puterii calorice a biomasei
vegetale din categoria i, disponibile la nivel national;

Myi — Cantitatea totala de biomasa vegetala din categoria i,
disponibila la nivel national, [kg];

W =W, +Wy 1)
WL=W, —W 2
Wy = SWy; = S(Wyiy = Wi ) )
Wiy = Hyi X My; (4)
1(83
0 System f Sistemul @
I BIOMASSY - B
Fig.4. Block diagram of the independent system “BIOMASSV" /

Schema bloc de reprezentare sistemului independent “BIOMASSV”

Eprod= f(1,0,Sy) )

Activities performed in the process of energetic use of
vegetal biomass are grouped into two main stages: the
stage of vegetal biomass production and conversion stage.
The first stage, includes all operations performed in order
to obtain vegetal biomass, from category i (for eg. works
related to biomass cultivation, primary processing,
transportation, etc.)

In the context of development of assessment method,
trough systemic analysis, to the production stage of
vegetal biomass, of category i, is associated an
independent system, generically called “BIOMASSV”
(fig.4)[2]. The input (I) of the system represents the total
energy consumption (W) associated to activities / processes
in vegetal biomass cultivation process, of category i.

The output of the system (O) is represented by the
energy stored in the vegetal biomass (Wo), obtained in the
production stage. On the considered system act also other
specific features (Sr), whose action can not be eliminated,
such as soil characteristics, weather conditions, etc.

Equation (5) represents the behavioral equation of the
"BIOMASSV" system, where Eyyoq is total amount of energy
available from the production process of vegetal biomass,
and it is determined as a function of inputs I, outputs O,
and specific features S;, and the interdependencies
between them.

The quantitative expression of the inputs(l), outputs (O),

a7

Activitatile realizate in cadrul procesului de utilizare
energetica a biomasei vegetale se grupeaza in doua etape
principale: etapa de producere a biomasei vegetale si
etapa de conversie. Prima etapa- cuprinde totalitatea
operatiilor realizate Tn scopul obtinerii biomasei vegetale
din categoria i (de ex.lucrarile legate de -cultivarea
biomasei, procesare primara, transport, etc).

In contextul dezvoltari metodei de evaluare prin
analiza sistemica, etapei de producere a biomasei vegetale
din categoria i ii este asociat un sistem independent, numit
generic “BIOMASSV” (fig.4) [2]. Marimile de intrare Th sistem (1)
reprezinta totalitatea consumurilor energetice (W,) asociate
activitatilor/proceselor din procesul de producere a biomasei
vegetale din categoria i.

Marimile de iesire din sistem (O) sunt reprezentate de energia
fnmagazinata n biomasa vegetala, rezultata in etapa de producere
a acesteia (Wo). Asupra sistemului considerat actioneaza si
caracteristicile specifice (Sy) a caror actiune nu poate fi eliminata,
cum ar fi: caracteristicile solului, conditile meteorologice, etc.

Ecuatia (5) reprezintd ecuatia comportamentala a
sistemului “BIOMASSV”, unde Epod este cantitatea de
energie totala disponibila Tn urma procesului de producere
a biomasei vegetale, si se determina ca si functie de
marimile de intrare |, de iesire O, de -caracteristicile
specifice Sy si de interdependentele dintre acestia.

Exprimarea cantitativa a intrarilor (I), respectiv iesirilor din
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and the correlation between them, leads to the determination
of an explicit mathematical expression, based on which is
determined the total amount of energy available from the
production process of vegetal biomass and, respectively, the
energy consumption from process. To determine the
mentioned mathematical expression, it is necessary to divide
the "BIOMASSV" into subsystems associated with each
operation of the composition of analyzed process.

The amount of total energy input, W, can be
expressed as a sum of elemental (partial) energies,
associated to working stages required to develop
processes into the system of vegetal biomass production
- relation (6) [2], where:

I- represent the inputs;

N; - the total number of different types of energy inputs in
subdivision of order 1;

j- superscript, represent the category of the subdivision of
energy input. Otherwise, the relation (6) can be expressed
as relation (7)l [2], where:

Whe Wha, WHs... W — represent all the energies required
for all the activities associated to different tyPes of inputs
defined into subdivision of category 1. So, eg.W"1- represents
energy input associated to agricultural machines used in
vegetal biomass production; W~ > — represents energy input
associated to fertilizers (chemical fertilizers- store the energy of
the production, transport , distribution) etc.

Development of inputs system is continued until each
elementary energy can be expressed quantitatively and
can not be divided into further subcategories.

The outputs (O),can be analyzed in the same way as
the inputs, so, the total output energy (WO), in our case,
can be calculated using the relation (8) [2], where:

Wopr —is the energy stored in the main products;
Woppr —iS the energy stored in the by-products.

Evaluation of total output energy can be done in two
ways, namely: first method involves calculating the energy
value of primary products and by-products; and the second
method involves calculating energy value of secondary
products obtained (eg. ethanol, vegetable oils, etc), after
that it will be made the energy analysis.

In the same way it is possible to analyse the specific
features of the system S;. These factors are abstract because
they are not clearly defined quantitatively but they are distinct
elements in the energies system. Thus, the functional relation
(9) expresses St as a functional element of the system, where:
Sc- is associated with soil characteristics;

C.- is associated with climate characteristics;
Tc- is associated with characteristics of the technology used;
Oc-represents other characteristics.

Following the same method of systemic analysis will be
determined the energy consumed in the woody biomass
production process.

RESULTS

Using the general mathematical method for
determining the real energy potential, developed above, in
this paper it is determined the real energy potential of
vegetal biomass from an area of 10 ha of wheat crop.

For this it is necessary to analyze the energy flow in the
vegetal mass production process mentioned, respectively,
determining the energy consumption involved in the
process.

L )
W, =>W/),i=1,23,..,n,
i=1

INMATEH — Agricubtusal Engineering

sistem (O), precum si a corelatiilor dintre acestea, conduce la
determinarea unei expresii matematice explicite, Tn baza
careia se determina cantitatea de energie totala disponibila Tn
urma procesului de producere a biomasei vegetale si
respective a consumului energetic  din proces. Pentru
determinarea expresiei matematice amintite, este necesara
divizarea sistemului ,BIOMASSV” in subsisteme, asociate
fiecarei operatii din componenta procesului analizat.

Cantitatea de energie totala introdusa in sistem (W)
poate fi exprimatda ca si suma a energiilor elementare
(partiale) asociate fazelor de lucru necesare desfagurarii
proceselor in cadrul sistemului de productie a biomasei
vegetale — relatia (6) [2], unde:
| — reprezinta intrarile;

N1 — Numarul total de tipuri de energie de intrare in
subdiviziunea de ordin 1;

j — Exponent arata  ordinul subdiviziunii energiei de
intrare.Altfel , ecuatia (6) poate fi exprimata sub forma ecuatiei
(7) [2], unde:

Wi Who Whis ...\ Wh 1 — reprezinta energia necesara pentru
toate activitatile asociate diferitelor tipuri de marimi de intrare
definite in subdiviziunea de ordin 1. Astfelm, de ex. Wi
reprezinta energia de intrare asociata masginilor agricole; Wi,
— reprezintd energia de intrare asociataa fertilizarii (fertilizantii
chimici- Tnmagazineaza energia corespunzatoare producerii
lor, transportului, distributiei) etc.

Dezvoltarea sistemului marimilor de intrare este continuata
pana cand fiecare energie elementara poate fi exprimata
cantitativ si nu mai poate fi divizata in alte subcategorii.

Marimile de iesire din sistem (O), pot fi analizate 1n acelag mod
ca si marimile de intrare, astfel, energia totala iesita din sistem
(Wo), In cazul ales, se poate determina cu relatia (8) [2], unde:
Wopr- este energia totald iTnmagazinata in produsul principal;
Wonpr este energia totala inmagazinata Tn subprodusele rezultate.

Evaluarea energiei totale iesita din sistem se poate realiza
pe doua cai si anume: prima metoda presupune calcularea
valorii energiei produselor primare si a subproduselor, iar a
doua metoda presupune calcularea valorii energiei produselor
secundare obtinute (de exemplu:etanol, uleiuri vegetale,etc)
dupa care se va face analiza energetica.

in aceagi manierd pot fi analizati factorii caracteristici
specifici sistemului Sy. Acesti factori sunt abstracti deoarece ei
nu sunt clar definiti cantitativ dar reprezintd elemente
distincte in sistemul energiilor. Astfel relatia functionala (9)
exprima Sy ca si element functional al sitemului, unde:
Sc-este asociat cu caracteristicile solului;

C.- este asociat cu caracteristicile climei;
Tc-este asociat cu caracteristicile tehnologiei aplicate;
Oc-reprezinta alte caracteristici.

Urmand aceasi metoda a analizei sistemice se
determina energia consumata n procesul de producere a
biomasei lemnoase.

REZULTATE

Utilizdnd metoda matematica generala de determinare a
potentialului energetic real, dezvoltatd mai sus, in lucrarea de
fata se determina potentialul energetic real al biomasei vegetale
obtinuta pe o suprafata cultivate de 10 ha, din cultura graului.

Pentru acesta este necesara analiza fluxului energetic
in procesul de producere a masei vegetale amintite,
respectiv determinarea consumurilor energetice implicate
de proces.

(6)

W, = Wll.l + W1|A2 + W1|A3 + ...+ WllAnl (7)
m m

Wo = z WOpr. + Z Wobpr. ®
i=1 i=1

St =f(Se, Ce, Te, ..Oc) ©)

48
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Thus, for wheat crop, the total input energy of the
system W), includes:

W — energy input associated to agricultural machinery;
Wi, — energy input associated to chemical fertilizers;
W73 — energy input associated to herbicides;

Wi — energy input associated to seeds germination;
W5 - energy input associated to transportation and storage;
Whe— energy input associated to human labor.

To define and calculate the overall input energy we
have performed the energy flow for wheat crop production
(fig.5).

According to diagrame in fig.5 and relation (7), the
input energy for wheat crop is given by (10).

Each term of (10) is divided in other elemental terms in
subdivision of class 2 or 3, as follows:

Term W1 is subdivided in elemental terms of class 2
(11), where:

-W i1 energy associated to agricultural machinery production;

- Wi - energy associated to repairing of agricultural
machlnery

-W313- energy associated to fuel consumtion.

The term W? 11 is subdivided in elemental terms of class 3
(12), Where

- W31 - energy associated to material used in
agricultural machinery;

-W3i10— energy associated to manufacturing process of
agricultural machinery;

- Amar - a coefficient of energy consumption associated to
material used in agricultural machinery, per mass unit [MJ/kg];

- Aman - @ coefficient of energy consumption associated to
manufacturing of agricultural machinery, per mass unit [MJ/kg];
- Mm — mass of the agricultural machinery [kg];

- T; — lifetime of agricultural machinery;

- S — total cultivated area.

The term W3 12 is expressed by relation (13), where:

- Aepm - a coefficient of energy consumption associated to
agricultural machinery repairs, per mass unit [MJ/kg] per year.

INMATEH — Agricubtusal Engineering

Astfel, pentru producerea graului,
mtrodusa in sistem W, include:
wh M energia asociata masinilor agricole utilizate;
W, — energia asociata Tngrasamintelor chimice;
Whs— energia asociata pesticidelor;
Wha— energia asociata germinarii semintelor;
Wl. 5 — energia asociata transportului si dep02|tar||
W6 — energia asociatd manoperei
Pentru a defini si calcula energia globala intrata am realizat
fluxul de energie pentru productia culturii graului (fig.5)
Conform diagramei din fig.5 si relatiei (7) energia introdusa
in sistem pentru cultura de griu este data de relatia (10).
Fiecare termen al relatiei (10) este divizat in termeni
elementali de ordlnul 2 sau 3 dupa cum urmeaza:
Termenul W ; este divizat in termeni elementali de
ordinul 2 (11), unde:
~W2 - energia asociata producerii maginilor agricole;
- W2| 1.2- energia asociata repararii masinilor agricole;
-W3 13- energla asociata consumului de carburanti.
Termenul W2 1; este divizat , la randul sau in termeni
elementali de ordin 3 (12), unde.
W31 — energia asociata materialului folosit la masinile
agrlcole
- W3i1o - energia asociata producerii
agricole;
- Ama - coeficientul consumului de energie asociat materialului
folosit la maginile agricole, pe unitatea de masa [MJ/kg];
- Amant - coeficientul consumului de energie asociat
producerii masinilor agricole, pe unitatea de masa [MJ/kg];
- Mm — masa masinii agricole [kg];
- Tt — durata de viata a masinii agricole;
-S-— suprafata totala cultivata.
Termenul W31, este exprimat de relatia (13) unde:
- Arepm - coeficientul de energie consumat asociat reparatiilor
masginii agricole, pe unitatea de masa, pe an [MJ/kg].

energia totala

masinilor

Wi= Wy + Who + Wha + Why + Whs + We (10)

/J"Vﬂll 1<
mns

Wz
Wlx.z{ W2z
W2z
Wz

Warag
Wiz

1 ;<:le.5_1
Wi
Wirsa

Wlig

T'I'I\

W12
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Fig. 5 - Energy flow diagram for wheat crop / Schema fluxului de energie pentru cultura graului
W= W20+ W21+ Woies (11)
W2 1a= W11+ W3112 = [(Amat + Aman)Mml/ TS (12)
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The term W2 1 sis expressed by relation (14), where:
- i — the energy type associated to activity;
- Hs; - calorific value of fuels consumed in the activity i;
- Vi, - fuel volume used per 1 ha associated to activity i.
The energy associated to the chimical fertilizers used,
w! 12, can be divided in 3 elements of class 2 (15), where:
-W321— energy associated to chemical fertilizer production;
-W322— energy associated to chemical fertilizer packaging;
~WAos— energy associated to chemical fertilizer distribution.
- Cprodcf, Cpacker, Cransct are the specific energies
consumed for production, packaging and transportation of
chemical fertilizer [MJ/kg],
- Mct — the amount of chemical fertilizer used per ha [kg].
The term W,z include three terms of class 2 (16), thus:
-W331 - energy associated to herbicide production;
-W33z - energy associated to herbicide packaging;
-W33s - energy associated to herbicides distribution;
- Dprodb, Dpackb, Dransp are the specific energies consumed for
production, packaging and transportation of herbicides [MJ/kg];
- Mp — the amount of herbicides used per ha [kg].
Term W4 represents the energy stored in the seeds
used for sowing (17), where:
- Hs — calorific value of the seeds [MJ/kg];
- Ms — amount of seeds used per ha, [kg].
Term W5 involved two terms of class 2 (18), where:
-W? J5.1— energy associated to transportation;
-W3s, — energy associated to storage of main products
and by-products
Hcombrans - calorific  value of fuels
transport,[MJ/L];
- Veomb.rrans — fuel volume used for transport,[L/h];
- Twans — total time for transport, [h];
- Fqep- coefficient of energy consumption by storage, per
day, [MJ/day];
- Taep — time of storage,[day].

used for

W2I.1.2 = Arep.m‘Mm]/Tf-S

1 _ 2 2 2 —

W 1.2 — W 121+ W 122+ W 1.2.3 — (Cprod,cf + Cpack,cf + Ctrans,cf)'Mc
1 _ 2 2 2 —

W3 =W*31+ W32+ W33 = (Pprodp + Ppackb + Prrans,b)- Mo
1 _

w 1.4 = HS'MS

1 _\as2 2 —
w 1.5 — W 151+ w 1.5.2 — Hcomb,trans Vcomb.trans 'TTrans + Fdep'Tdep

Term W — the energy associated to human labor, can be
calculated based on the metabolic energy (19), where:
Gom — the coefficient of energy consumed by one
worker , per day, [MJ/day];
Hom — number of working days;
Nom — number of workers
For our case we consider as main products the grain
and straw obtained from wheat crop. In this case the
output can be expressed by relation (20), where:
Wo — the energy stored in biomass;
Wioi— energy stored in grains;
Wloo — energy stored in vegetal material(straw);
These energies can be calculated with relation (21), where:
Hseed, Hym - are calorific values for grains, and straw,
per mass unit [MJ/kg];
Mseed, Mvm, - amount of grains and straw per ha
[kg/ha].
We conducted an analysis of energy balance for wheat
crop, the products obtained were grains and straw.
Characterlstlcs parameters used to calculate W,
f(V\/ 1.1, W |2, .. W |6) St = f(Sc, Cc, Tc, Oc) and Wo
f(W'o1, W'o, 2) are presented in tab.1 and tab. 2
To determine the energy stored in vegetal biomass
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Termenul W 13- exprimat de relatia (14), unde:
- i —tipul de energie asociata activitatii;
- Hi - valoarea calorifica a combustibilului consumat in activitatea i;
-Vii- volumul de combustibil utilizat pentru 1 ha, corespunzator activitatii i.
Energia asociata ingrasamintelor chimice utilizate,
W, se divide in trei elemente de ordinul 2 (15), unde:
~Waa1— energia asociata producerii ingragsamintelor chimice;
~W22- energia asociata impachetarii ingragamintelor chimice;
~Waa3— energia asociata Imprastierii ingrasamintelor chimice.
- Cprod,cf, Cpackict, Crrans,cf SUNt energiile specifice consumate
pentru producerea, ambalarea, respectiv  distribuirea
ingrasamintelor(MJ/kg),
- Mt — cantitatea |ngra§amlntelor chimice distribuite la ha [kg].
Termenul Whis cuprinde trei termeni de ordin 2 (16), astfel:
-W2 31 - energia asociata producerii erbicidelor;
-W2 32 - energia asociata ambalarii erbicidelor;
-W3 33 - energia asociata distribuirii erbicidelor;
- Dprodp, Dpackp, Drransp Sunt energiile specifice consumate pentru
producerea, ambalarea, respectiv distribuirea erbicidelor [MJ/kg];
- Mp — cantitatea de erbicide distribuita la ha [kg].
Termenul W4 cuprinde energia din semintele
utilizate la insaméantare (17), unde:
- Hs — valoarea calorifica a semintelor [MJ/kg];
- Ms — cantltatea de seminte utilizata la ha, [kg].
Termenul W5 include doi termeni de ordin 2 (18), unde:
-w? 151 energia asociata transportului;
-W3s2 — energia asociata depozitarii produselor primare
si subproduselor
- Hcombrans - valoarea calorifica a combustibilului utilizat
pentru transport,[MJ/L];
- Veomburans - Volumul de combustibil utilizat pentru transport,[L/h];
- Twans — timpul total pentru transport, [h];
- Fuep coeficientul energiei consumate pentru depozitare,
pe zi, [MJ/zi];
- Taep — timpul de depozitare,[zi].

(13)

(14)

(15)
(16)
(17)
(18)

Termenul W6 — energia asociata manoperei, poate fi
calculat pe baza energiei metabolice (19), unde:

Gom — coeficientul energiei consumate de un muncitor
intr-o zi, [MJ/zi];

Hom — numarul de zile lucrate;

Nom — numarul de muncitori.

Pentru cazul studiat se considera ca produse principale de
iesire boabele si paiele obtinute din cultura de grau. In acest caz
marimea de iesire poate fi exprimata prin relatia (20), in care:
Wo — energia Tnmagazinata n biomasa rezultata
wh 01~ energia Tnmagazinata in boabe;
wh o.2—energia Tnmagazinata in materialul vegetal (paie);

Aceste energii pot fi calculate cu relatiile(21), unde:

Hseed, Hvm sunt valorile calorifice pentru seminte,
respectiv materialul vegetal, pe unitatea de masa [MJ/kg];

Mseed, Mvm, cantitatile corespunzatoare de seminte,
mat.vegetal, pe ha [kg/ha].

Am realizat o analizd a balantei energetice, pentru
cultura de grau- produsul obtinut fiind boabele si paiele.

Marlmlle caracterlstlce utilizate pentru calculul W,
fON 1.1, W |2, .. W |6) St = f(Sc, Cc, Tc, Oc) §I Wo =
fW'o1, Wo2) sunt prezentate in tab. 1 si tab. 2

Pentru determinarea energiei Tnmagazinate

n
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resulting from cultivation of

10 hectares with wheat, the

following inputs are necessary:
- Technology of wheat cultivationa (tabel 1);

- cultivated area: 10 ha;

- soil type: brown-reddish soil, no irrigation
- fuel: Diesel with H.=38 MJ/I;

- Chemical fertilizers (tabel 2)

WlI.G = Gom*Hom*Nom
Wo=Wlo1+ W
W'01= Hseed'Mseed; W'o.2 = Hym-Muw;

- Herbicide: DMA 600 salt, 1,5 I/ha with 84,9 MJ/kg, [3]

- Energy content of wheat seeds -16 MJ/kg [4]

- Seed mass used: 270 kg/ha;

- Grain production: 4000 kg/ha with calorific energy of

17,039[MJ/kg] [9]

- Vegetal material production (straw) 1500 kg/ha with

calorific energy of 16,534 MJ

/ kg (15% humidity) [9]

- Energy associated to human labor 1,95 MJ / h. [3].
Based on the input data set, calculations and energy

analysis were made, using
results being shown in fig.7.

the software (Fig. 6) [2], the

The real potential will be the difference between the energy
stored in biomass- Wo, and input energy W, (relation 22)

INMATEH — Agricubtusal Engineering

biomasa vegetala rezultata prin cultivarea a 10 ha., cu
grau sunt necesare urmatoarele date de intrare:

- Tehnologia de cultivare a graului (tabel 1)

- Suprafata cultivata: 10 ha.,

- Tip sol: brun-roscat, fara irigatii;

- Combustibil utilizat: motorina cu Hc=38 MJ/I
19)
(20)
(21)
- Ingrdsaminte chimice (tabel.2)
- Erbicid utilizat: sareDMA 600- 1,5 I/ha-84,9 MJ/kg. [3]
- Continutul de energie al semintelor utilizate -16MJ/kg, [4]
- Cantitatea de seminte aplicata — 270 kg/ha;
- Productia de boabe 4000 [kg/ha] cu energia calorica
17,039 MJ/kg [9]
- Material vegetal rezultat — 1500 kg/ha cu o energie
calorica de 16,534 MJ / kg (15% umiditate) [9]
- Energia asociata manoperei: 1,95 MJ / h. [3]

Pe baza datelor de intrare prezentate , s-au facut calculele
si analiza energetica utilizand programul software (fig.6) [2],
rezultatele obtinute fiind prezentate in fig.7.

Potentialul real va fi diferenta intre energia inmagazinata in
biomasa -Wo, si energia de intrare W, (relatia 22)

Table 1/ Tabel 1

Characteristics of wheat cultivation technology / Caracteristici ale tehnologiei cultiv_ drii graului
. Mass of equipment / Fuel consumption /
Activity/ Activitatea Equipment / Masa echipament Amat ¥ Amant Avep Combustibil consumat
Echipament [MJ/kg] [MJ/kg]
[ka] [L/ha]
. Tractor - U650 2500 138 10
Plowing / Arat Plow — PP3x30 300 180 6 30
Seedbed preparation / Disk harrow - GDx3,4 1250 149 6 15
Preg.pat germinativ

Sowing / Semanat Seeder —SUP 21 500 133 6 7
Fertilizer distribution / Fertilizat Centrifugal spreader 950 129 6 2
Herbicides spraying / Erbicidat Spraying Machine 800 128 6 5
Harvesting / recoltat Combine CP12 8700 116 10 30

Fertiliser characteristics /

Caracteristicile Tn

Table 2/ Tabel 2
r dasamantului chimic

- Fertilizer mass /
Type of fertilizer / Corod * Cpack + Curans Cantitateallltzie ingr Agamant
Tip Tngr dsdmant [MJ/kg] [kg/ha]
N 78.1/78,1 100
P,0s 17.4117,4 50
K,O 13.7 /13,7 60
(Tl fomot—————— :
e+ Famns vegelsls I_Pekd
' Farms snmals = Bras
™ Femé mods o
I Lucesns
& mi & RMHI 4= fapie !
A Ferma veget ala o=l
Ganerat | Combuitbl | Fertiizaton | Pesticite Gasu | Goneral] Combunkl Feeticoton | Pessicias] Graa. |
Sugeafsna tohala culivata fhal | Cargate N ufzits ol R
Caankiinin bolals 3semnts uskirsen [} | Lottty P05 utlieala gl T2
Cartitele holsls semints recutate [kg] [woa Toaritote K20F uilizsta Pegl iz
Caeiante batatn pave obivnse (Kol (D] Cariesn besicatin oxiyarsci utlirsta (ko] B
Coniitale hotela deceue sooois tesatsls ka) B .
D o s | (>0 | @ ferrs | |

Fig. 6 - Soft interface with input data / Interfafa soft cu date de intrare
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Wiy = 36920 Wiyl = 8502 Wil = 1474 Wi, = 4320 Wil g = 3382 Wil = M3
A7 6R% 1742% 0.24% T02% 5.20% 0.54%
W= 54544 4
St
Wi = 92057
Wiy 4 = BB156 Wlg 2 = 24801

733%

28,7%

Fig. 7 - Energy balance for wheat crop, W is expressed in [MJ] / Balanfa energetica pentru cultura graului, W este exprimat in [MJ]

Wreal = Wo — W= 92957-54544.4 =38412,6 MJ

CONCLUSIONS

Due to its modular structure, presented method is
flexible and can be applied for energy evaluation of
different activities within an agricultural farm.

Analysing the results it is noted that the energy
associated to the agricultural machines used , represents
more than 50 % of the total input energies of the system.
the more we reduce the value of this kind of energy, the
higher will be the energy potential of the crop, and hence
the higher is the profitability of using the biomass obtained.

Optimization of the working process by energy
consumption point of view, may be done through the
improvment of technology(eg.no tillage technology ) or
using other agricultural machinery.

Based on these results it is possible to estimate the
energy potential of vegetal biomass on different areas
(agricultural farm, region, country, etc)
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(22)

CONCLuUzII

Datorita structurii sale modulare metoda prezentata
este flexibila si poate fi aplicatd pentru evaluarea
energetica a diferitelor activitati din cadrul unei ferme.

Din datele obtinute se observa ca energia asociata
masinilor agricole utilizate reprezinta mai mult de 50% din
totalul energiilor de intrare in sistem. Cu cat mai mult se
reduce valoarea aceste categorii de energie cu atét
creste potentialul energetic al culturii, si implicit
rentabilitatea utilizarii biomasei obtinute.

Optimizarea procesului de lucru din punct de vedere al
consumului de energie, se poate realiza prin
imbunatatirea tehnologiei(de ex.tehnologie cu minim de
lucrari) sau prin utilizarea altor magini agricole.

Pe baza rezultatelor obtinute se poate face estimarea
potentialului energetic al biomasei vegetale pe diferite
unitati de suprafata (ferma, regiune, tara, etc.)
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