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Abstract. This paper presents an overview of the prospects for the use of agricultural wood residues, specific to the
climatic zone adjacent to the Prut River and the qualitative characteristics of densified solid biofuels in the form of
pellets produced from the main types of the agricultural wood biomass, taken from agricultural plantations in the
Republic of Moldova and Botosani, lasi, Vaslui and Galati counties in Romania. The aim of the paper is to establish
the energy potential of the main indigenous agricultural wood residues and to analyze the quality of the pellets
produced from these residues. The research results showed that the pellets produced from the studied agricultural
residues mainly meet ENPlus 3 requirements for most qualitative parameters, except for those produced from
blackberry and currant residues. Residues from the prunning of some types of fruit shrubs can be used to produce
pellets by creating mixtures of different proportions, and their qualitative characteristics can be significantly

improved by thermo-chemical pre- treatment of the raw material
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INTRODUCTION

The sustainable development of energy systems in the
Republic of Moldova and Romania cannot be conceived
without a continuous development of energy produc-
tion based on renewable resources. Biomass energy
presents the most viable and promising prospects for
the conditions of the Republic of Moldova and the re-
lated regions of Romania (Botosani, lasi, Vaslui and Ga-
lati counties) [1-3].

For the areas metioned above, the main sources
suitable to be used as raw material for the production
of densified solid biofuels (DSBF) are agricultural wood
residues, in particular those of apple, plum, cherry, sweet
cherryandpeartrees,walnutbushes,aswellasvines[4;5].

During the last decade there has been a growing
interest of economic agents for the cultivation of dif-
ferent species of shrubs, in particular sea buckthorn [6],
blackberry, raspberry, blackcurrant, etc. [7]. in these ar-
eas. These crops also generate large volumes of plant
residues, suitable to be used as raw material for the
production of DSBF [8].

The use of agricultural waste as a raw material is
argued, both because it helps to reduce dependence on
fossil fuels and emissions of harmful gases into the at-
mosphere,and because it is a stimulus to establish some
new small and medium-sized enterprises in rural areas.

DSBF are produced in the form of briquettes and pel-
lets. This paper focuses on the study of DSBF produced
from pellet-shaped agricultural residues, although
some results can be adopted for all types of DSBF.

Pellets are prepared from shredded biomass, with
or without additives, by dehydration and compression
to double energy density of green wood. It is an en-
vironmentally friendly fuel, which, when beeing burnt,
eliminates the same amount of CO, that is absorbed
during the plant growth [9, pp. 96-98]. Moreover, the use
of pellets significantly reduces the generation of dust,
allows the use of various mixtures and mixtures of raw
materials - the process that allows to manage certain
qualitative characteristics of the finished product [10].

The management of agricultural residues for the
pellet production involves several specific technologi-
cal operations, the realization of which is influenced by
a number of factors with a significant share of ensuring
the quality of the finished product.

Although, the analysis of the factors that influence
the DSBF quality is quite complete in the literature [11-
14],the problem of influencing factors that occur during
the production of pellets from indigenous agricultural
residues,requires a specificapproach for each type of bi-
omass used as raw material. In addition, there is practi-
callynodataontheuse of residues derived from different
species of shrubs for energy purposes in the literature.

Thus, the study of the quality of pellets produced
from indigenous agricultural residues is relevant and
requires a detailed analysis of the factors that influence
it. The research problem has been structured based on
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the findings and it consists in ensuring the quality of
fire pellets, produced from various agricultural wood
residues, by identifying and studying the influencing
factors distributed throughout the production process.

Agricultural wood residues collected on both banks
of the Prut River served as the object of research.

LITERATURE REVIEW

Topics related to the quality of fire pellets have al-
ways been an important study topic. The EN ISO 17225
standard specifies two classes of pellets: the first one is
for residential and household uses, and the second one
is fors industrial uses. Quality requirements for pellets
differ from class to class, however, there are mandatory
quality characteristics for both groups of pellets that
give them the ability to satisfy consumer requirements
to a greater or lesser extent.

The SE ISO 17225 standard regulates several quali-
tative characteristics of fire pellets, the most important
of which are: moisture content, ash content, bulk densi-
ty, fine fraction content, durability, lower calorific value
at reception, S, N and Cl content.

The quality of pellets is influenced by several fac-
tors that can be grouped as follows: raw material vari-
ables and manufacturing process variables [9, p. 39-46;
155-162; 15; 16].

The raw material variables, which show the maxi-
mum influence on the quality of pellets, refer to the or-
igin of the biomass, moisture content, impurity content,
storage time and particle sizes [17-19].

According to the classification of solid biofuels by
origin, the research object of this paper is classified
in group 1.1.7 “Sorted wood from gardens, parks, road
maintenance, vineyards, orchards and floating wood
material from fresh water”, and according to the classi-
fication of biomass for energy purposes it can be found
in the category - residues, wastes and agricultural plant
by-products [9, p. 35].

Our earlier research has shown that the quantity
of the plant wood biomass derived from agricultural
wastes makes up approximately 9% of the total amount
of agricultural residues [4], and this is exactly the type
of the plant biomass that can ensure the production of
the above-mentioned quality characteristics in accord-
ance with the requirements of EN Plus 3 international
standards [17].

The data presented by several researchers [20; 21]
show the influence that the moisture content of the
undensified raw material has on the quality of DSBF
densification. For example, Tumularu experimentally
demonstrated that the best conditions for the forma-
tion of adhesion and cohesion bonds between bio-
mass particles are formed when the moisture content
initiates optimal conditions for the growth of contact
surfaces due to van der Waals forces that occur under
certain densification conditions [22; 23]. Other authors
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provide similar explanations [11; 24; 17; 25], they con-
sider that optimum conditions of particle agglomera-
tion upon pelletizing shall be ensured by the moisture
content equal to 10£2%.

Several researchers have shown that the mecha-
nism of forming cohesion bonds when densifying pellets
produced from the biomass of different origin differs
from case to case. Thus, Stelte and others explain the
peculiarities of cohesion and adhesion bonds formation
between biomass particles by the amount of extractives
present in the biomass and lignin diffusion, which de-
pends on the processing temperature and moisture con-
tent in the biomass before it is pressed. They concluded
this, having studied the adhesion mechanism between
biomass particles and the evolution of structural fail-
ures in pellets produced from hard, soft and straw bio-
mass types (Beech, spruce and wheat straw) [26-28; 22].

Production variables also demonstrate an impor-
tant influence on the structure and properties of pel-
lets. Thus, they include: technological regimes (com-
pression pressure, grain formation temperature; roller
speed); constructive parameters of the mold (diameter
and length of the channels, the gap between the roller
and the mold), etc.

Some of the most important properties influenced
by the production variables of pellets include: mechan-
ical durability, bulk density and fine fraction content.

It is obvious that production variables influence
the mechanism of bond formation between biomass
particles. However, up to now there is no single theory
of this mechanism. The existing data are in most cases
limited to experimental treatments for certain biomass
types [29; 30; 12].

There are some proposals regarding the calculation
of the pelletizing pressure depending on the sample
plasticity, the Poisson ratio, the friction coefficient and
the compression ratio [31],though the values calculated
according to these recommendations are approximate
and need to be specified for certain conditions [17].

Dependence of the pellet mechanical properties
and energy consumption on the temperature and mois-
ture content, fiber orientation [30], extractive substance
content and storage time [32] - also refers to certain
types of biomass.

Therefore, raw material and production variables
are provided in the literature largely enough, which is
why the analysis of SDBF qualitative parameters pro-
duced from indigenous agricultural residues is argued.

The aim of the work is to establish the energy poten-
tial of the main indigenous agricultural wood residues
and to analyze the quality of pellets produced from
these residues.

To achieve the proposed aim, the following objec-
tives have been put forward:

quantitative and qualitative analysis of agricul-
tural wood residues specific to the climatic zone of the
Prut River;
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analysis of the influence of production factors
on the quality of SDBF produced in the form of pellets
from indigenous agricultural residues;

qualitative analysis of pellets produced from
agricultural wood residues collected in the Republic of
Moldova and Botosani, lasi, Vaslui and Galati counties
of Romania.

MATERIALS AND METHODS

The research implied several distinct stages.

At the first stage, plant biomass was collected from
different development areas of the Republic of Moldo-
va and from the counties adjacent to the Prut River in
Romania. All residues were coarsely shredded right on
the field and transported to the Laboratory of Solid Bi-
ofuels, SAUM. Before processing, the biomass was dried
by the natural conversion method in the dryer provided
by the laboratory to M=10£2%, then grinded at the SV 7
hammer mill with a 6 mm mesh size of the sieve.

At the second stage, there was carried out a quan-
titative analysis of wood residues collected on the ter-
ritory of the Republic of Moldova that can be used as
raw material. There was determined the energy poten-
tial of the agricultural wood residues generated from
one hectare of plantations. Thus, there were identified
the theoretical energy potential (PTRM=10%) and the
sustainable one (PSIM=10%). The calculation was made
for the moisture content of the biomass equal to 10%,
which corresponds on average, to the moisture content
of the finished product at reception.

The theoretical potential is the maximum amount
of energy that can be obtained from the residues gen-
erated from one hectare with the condition it is fully
used for energy purposes. It is determined by means of
the following relationship:

Myec—10
PTRM =10% = My prec. (1 - T) ’

“Krezrec” pnet. M=10%> %' (1)
where m , represents the basic production mass at
harvest from one hectare, kg/ha; K_ - unit conver-
sion factor for that crop at harvest; M - moisture con-
tent of the biomass at harvest, %; g, .. ..o, — lOWeEr
calorific value of the biomass with moisture content
equal to 10%.

The sustainable implementation potential repre-
sents the amount of energy calculated considering the
technical, economic and sustainability availability of
the residues generated by the corresponding crop and

was calculated by means of the following relationship:
M)
PSly=109% = PTRu-100kar—c " (1 = kper), 50 (2)

where k, _is the factor of sustainable technical and
economic availability for energy purposes of the res-
idues with reference to the corresponding crop, kper is
the coefficient of unavoidable residue losses.



At the third stage there were produced pellets at
the mini semi-automatic pellet production line MGL 200
within the Laboratory of solid biofuels, SAUM. A hori-
zontal mold with two rotating rollers and the mesh size
of the sieve of 6 mm was used as a working body. The
fourth stage was devoted to determining the properties
of pellets made from the studied agricultural residues.

The higher calorific value was obtained using the
LEGO is operibolic calorimetric pump (model MC 10)
in accordance with the procedures described in the EN
ISO 18125 standard. The lower calorific value was de-
termined for humidity equal to 10% using the following
relationship:

Gy peareso=1G, g0~ 212,2W(H) .~ 0.8[W(0) +w(N) ]}
(1-0.01M)-24.43M, ©)

where: g, ., is the lower calorific value in the dry base
at constant pressure, J/g; Qg0 is the higher calorific val-
ue at constant volume, J/g; w(H), - the mass content
of hydrogen, %; w(0), - the mass content of oxygen in
the dry base, %; w(N), - the mass content of nitrogen in
the dry base, %; M - the moisture content at which the
lower calorific value was determined (M=10%).

The ash content was determined for samples of
crushed pellets in advance at a German mill SM 100
by passing through the sieve with the mesh screen of
1 mm. The samples were calcined according to the EN
ISO 18122 standard by keeping them for 6 hours at a
temperature of 550°Cin the LH 05/13 chamber furnace.

The content of N, S and Cl was established as the re-
sult of the chemical analysis performed at the elemental
analyzer Vario MACRO cube CHNS & CL.The bulk density
was determined in accordance with the EN ISO 17828
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standard for pellets with a moisture content of (10+2)%.

The mechanical durability was established by de-
termining the ability of the pellets to resist shocks and
wear being subjected to controlled blows in accordance
with the EN ISO 17831 standard. The test was carried
out for pre-screened pellet samples with a mass of
500£10 g. The samples were taken and sampled in ac-
cordance with the requirements of the EN I1SO 14780
and EN ISO 18135:2017 standards.

The samples were rotated in the plant to determine
durability with a frequency of 50£2 m for 10 min-1.The
durability value was calculated with the ratio of the
pellet mass before and after the test and sifted through
a sieve with a 3.15 mm mesh screen.

The content of the fine fraction was determined as
the ratio percentage of the mass of the particle fraction,
formed after sifting a certain amount of pellets through a
vibrating sieve with mesh screen dimensions of 3.15 mm
and the initial amount of the tested pellet sample.

The energy density was determined as the amount
of energy stored per unit of volume as follows:

E =Bqu,net,M=10' (4)

density

RESULTS AND DISCUSSION

The raw material analysis. In order to justify the use
of different types of residues as raw material for the
production of SDBF, it is necessary to know the poten-
tial available for different types of residues and their
quality. Table 1 shows the estimate of the theoretical
and sustainable energy potential of agricultural wood
residues calculated on the basis of the average harvest
obtained during the years 2017-2019.

Table 1. The energy potential of plant biomass generated by agricultural wood residues in the Republic of Moldova

m, . kg/ha

2017 2018 2019 Average

K

ez.rec. max.
=10%

.M
In MJ/ha

[
S

c
2 o
nw £ o
o o™
s O

PTR
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Seed fruit, and namely:

Apples 10710.0 147600 160300 138333 029 080 010 190 168 571 411
Pears 20600 20600 3200 14800 022 080 010 196 174 3.9 28

Stone fruit, and namely:
Cherries 30100 59100 5960.0 49600 016 080 010 194 172 115 8.3
Sweet cherries 46400 53200 39300 46300 024 080 010 208 185 169 122
Apricots 28500 23300 55100 35633 031 080 010 195 173 164 118
Pﬁzgthaerfnaer;d 19500 18700 13400 17200 026 080 010 200 178 6.7 48
Plums 56400 8170.0 83900 74000 030 080 010 201 178 297 214
Nuts,almonds,etc.  340.0 6100 5400 4967 010 080 010 169 144 0.5 0.4
Fruit shrubs 8500 33200 39100 26933 070 080 010 199 168 235 169

Vines, and namely:

Table varieties 71900 74800 76400 74367 06 07 0.1 190 169 548 345
Technical variables 4480.0 5490.0 43700 47800 0.4 07 0.1 183 163 205 129

Note: conventional ratings are provided according to formulas 1 and 2

Ukrainian Black Sea Region Agrarian Science, 25(1), 84-93
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The results presented in Table 1 show that practical-
ly all the studied agricultural residues, as calorific value,
can be used as raw material for the production of pellets
for residential and similar uses having a calorific value
at 10% humidity greater than 16.5 MJ/kg, with the ex-
ception of nuts and residues of vines, technical varieties.

The highest energy potential can be obtained from
the emondation of apple trees (41.1 Gl/ha), followed
by that of vines, table varieties (34.5 GJ/ha) and the
one received from the emondation of plums (21.4 GJ/
kg). Thus, it can be concluded that the studied residues
are an important source of raw material for SDBF pro-
duction, in particular pellets. The influence of produc-
tion factors on the quality of pellets. The properties of

pellets, regulated by the EN ISO 17225-2 standard, are
grouped into physical and chemical properties. Physi-
cal properties influence the combustion efficiency and
logistics of pellets; chemical properties are responsible
for the environmental impact, durability and smooth
operation of thermal power plants [17].

The quality analysis results of the pellets produced
from different types of agricultural wood biomass are
presented in Table 2.

The first thing that interests the beneficiary is the
amount of heat obtained from the combustion of a unit
mass of pellets that is expressed in the upper (gross)
calorific value, the lower (net) calorific value and the
energy density.

Table 2. Qualitative parameters of pellets produced from agricultural wood residues

Name of residues FF,% E,GJ/m3
Apples 17.72 0.9 98.25 680 0.42 12.05 0.25 0.03 0.02
Pears 17.31 1.47 97.9 674 0.44 11.67 0.26 0.03 0.03
Cherries 17.10 1.11 98.1 682 0.51 11.66 0.27 0.03 0.03
Sweet cherries 18.00 1.42 98 680 0.52 12.24 0.3 0.03 0.03
Apricots 17.04 1.08 98.3 654 0.48 11.14 0.3 0.03 0.03
Peaches and nectarines 17.07 1.38 97.9 658 0.54 11.23 0.28 0.03 0.03
Plums 17.70 0.74 98.2 684 0.41 12.11 0.3 0.03 0.03
Sea buckthorn 17.05 1.3 98.1 685 0.38 11.68 0.98 0.05 0.04
Blackberries 15.7 1.62 97.4 656 0.66 10.30 0.88 0.06 0.04
Black currants 15.3 2.53 97.2 654 0.72 10.01 0.87 0.05 0.03
Vines, table variables 16.8 2.6 98.10 702 0.66 11.79
Vines, technical varieties 16.5 2.5 97.9 696 0.67 11.48

The lower calorific value, calculated for moisture
equal to 10% for all pellet samples, except those of
blackberries and black currants, falls within the limits
stipulated by the ENPlus 3 norms, i.e.exceeds 16.5 Mj/kg.

Energy density, derived from the lower calorific val-
ue and bulk density, is important for transporting and
storing pellets.

The obtained results show that the energy density
of pellets, produced from agricultural wood residues is
quite high. The lowest energy density was reported in
black currant and blackberry pellets with the follow-
ing values of 10.01 GJ/m?* and 10.30 GJ/m? respectively;
the highest energy density was noticed in sweet cherry
pellets (12.24 GJ/m?) followed by those produced from
plums (12.11 GJ/m?) and apples (12.05 GJ/m?3).

The lower density of blackberry and black currant
pellets can be explained by their lower calorific value
as well as by their low bulk density in relation to the
other pellet samples.

The bulk density of the studied pellets does not vary
greatly from one biomass type to another, ranging from
654 kg/m? for the black currant pellet sample to 702 kg/
m? for the pellet sample produced from vine residues.
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The indicative limits for wood pellets are speci-
fied by En Plus 3 with the range of 600<BD>750 kg/m?.
Thus, all the studied pellets fall under the ENPlus 3
regulations.

The ash content is one of the most important
qualitative characteristics of pellets, which influenc-
es, above all, the calorific value; the combustion pro-
cess and the corrosion degree of boilers. It is for these
reasons that the ENPlus rules have become more de-
manding, reducing the allowed amount of ash from
1.5 to 1.2% for Class ENPlus A2 and from 3 to 2% for
Class En-B (9 p. 171).

The obtained results demonstrate that the ash con-
tent of pellets produced from black currant and vine
plant residues exceeds the allowed norms for residen-
tial pellets, however, this qualitative parameter allows
their application for industrial uses. The least amount
of ash results from burning plum and apple pellets.

The content of N, S and Cl have a negative impact
on the environment and the functioning of thermal
power plants. Thus, nitrogen, when being burnt, forms
nitrogen oxides, which leads to the formation of acid
rain and smog.



The ENPlus 3 rules limit the nitrogen content for
residential pellets up to 0.3% for Class Al pellets, up to
0.5% for Class A2 and up to 1% for Class EN- B.

The requirements for nitrogen content in the pel-
lets for industrial uses are more severe, having the
following restrictions: 0.3% - for classes 11 and 12 and
0.6% - for Class I3.

Looking at the data, provided in Table 2, we can
state that all pellet samples scored a percentage of N
less than 1% and can be classified into different classes
of pellets for residential uses. At the same time, black-
berry, sea buckthorn and black currant pellets cannot
be used for industrial uses.

The sulphur content for residential pellets is lim-
ited by ENPlus 3 up to 0.04% for Class A2 and up to
0.05% for classes A2 and EN-B. The sulphur content
must not exceed 0.05% in the case of all classes of pel-
lets for industrial uses.

All analyzed samples had an S content of less than
or equal to 0.05%, with the exception of those of black-
berries which exceeded the maximum allowed limit
insignificantly.

Chlorine content participates in the formation of
various compounds, in particular HCl and dionines/
furans. CL compounds strengthened by condensation
processes cause intense corrosive effects of metal com-
ponents of heating systems; such effects significantly
reduce their reliability. Therefore, the ENPlus 3 regu-
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lations limit the CL content in pellets up to 0.02% for
classes Al and A2 and up to 0.03% for Class EN-B.

The CL content allowed by ENPlus 3 is higher for
industrial pellets: Class 11<0.03%; 12<0.05% and 13<1%.
Thus, all pellet samples analyzed at this parameter cor-
respond to the requirements of ENPlus3 for different
quality classes.

Improving the quality of pellets by creating bio-
mass mixtures from agricultural residues. The follow-
ing research refers to the quality assessment of pellets
produced from mixtures that consist of vegetable agri-
cultural residues, have lower calorific value and are less
studied. Since the energy potential of agricultural resi-
dues from shrubs is the highest and the quality proper-
ties are lower than those of other agricultural residues
fromtrees (Table 1),one has studied the pellets produced
from mixtures of blackberry and sea buckthorn residues.

Table 2 shows that murine residues have regis-
tered the following parameters: the calorific value
(@, perper05=15-7 MI/kg), ash 1.62%, nitrogen 0.88% and
sulfur content 0.06%, and pellets from sea buckthorn
residues have a calorificvalue (q,,,,~10%=17.05 MJ/kg),
ash content 1.3%, nitrogen 0,98% and sulphur 0,05%.
These indicators prove the possibility to use these two
types of biomass in the mixture.

Ten samples of mixtures with a different content
and a step of 5% were studied. The results are present-
ed in Table 3.

Table 3. Quality parameters of pellets produced from mixtures of murine residues (RM) and sea buckthorn residues (RCA)

Nr.of -~ oopwk% SBR,w% Tomeemee A % DB, kg/m3 FF, % N, %
sample MJ/kg
1 0 100 1705  13(#0.021)  98.03(:0.15)  685(:25)  042(:0.022) 098 005 0.04
2 10 90 1764 130015 9803 (0.1)  682(15)  042(0018) 098 005 0.04
3 15 85 17214  135:001)  98(:0.21) 680(£3) 042(:001) 096 005 004
4 20 80 1684  136(0016) 9798(:014)  680(2.8)  0.44(0.019) 096 005 004
5 25 75 1654  14(:0012)  9793(017)  677(:32)  045#0.009) 097 005 0.04
6 30 70 1652 139(001)  979(:021)  676(1.8)  044(0.02) 095 04 004
7 35 65 1652  141(0011) 9786(:018)  674(1.5)  046(0.01) 094 005 004
8 40 60 165  143(001)  9782(:0.14)  674(2.1)  048(0.017) 094 004 004
9 45 55 165  145(:0018) 9775(021)  673(#21)  052(0.022) 093 004 004
10 50 50 161  146(:0012) 9775(022)  670(15)  052(0.016) 093 004 004

The obtained results demonstrate the efficiency
of biomass mixtures produced from bush prunning. All
qualitative parameters of samples 1...9 fall within the
limits stated by MS EN ISO 17225- 3:2016 standard.

Improving the quality of pellets produced from ag-
ricultural residues by torrefaction. The research results
presented in Table 3 show that as to the calorific value,
a part of the studied biomass samples has a net calorif-
ic value of less than 16.5 MJ/kg or is close to this value.

One of the effective methods to improve the qual-
ity of SDBF produced from the biomass with lower
characteristics, is the heat pre-treatment of the raw

material with the absence of oxygen. The process,
called torrefaction, consists of slowly heating the bio-
mass or the finished product in an inert environment
at relatively low temperatures (200...300)°C under the
atmospheric pressure and at the speed that does not
exceed 50°C/min.

The torified biomass is more easily ground, so the
bulk density of the biomass before densification is low,
therefore the densification expenditure is reduced and
the particle density of the finished product is changed. At
the same time,the chemical composition of the biomass
changes too because a significant amount of moisture

Ukrainian Black Sea Region Agrarian Science, 25(1), 84-93
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and volatile matter is removed, which leads to dehydra-
tion, dehydrooxylation and decarboxylation reactions.

Due to the degradation of hemicellulosis during
torrefaction, caused by the interaction of the drying
phenomenon with incomplete pyrolysis, the content of
lignin that has more carbon is increased, which leads to
an increase in the calorific value of the product.

Obviously, since it is a thermochemical process, tor-
refaction is influenced by several factors, in particular
torrefaction temperature and time. In order to estimate
the effect of torrefaction, one studied the biomass mix-
ture, which consisted of 50% of the sea buckthorn and
50% of the blackberry shrubs.

The torrefaction experiment was carried out accord-
ing to a polyfactor program with two influence factors
(Table 4). A laboratory facility was used to simulate the
torrefaction process in an oxygen-free environment by
creating a vacuum atmosphere in a closed space (Fig. 1).

Table 4. Experimental plan to study the effect of torrefaction

Coded coordinates Natural coordinates

T,°C 6, min T,°C ¢, min
1 1 1 1
-1 -1 -1 -1
0 0 0 0
0 0 0
1 1 1 1
-1 -1 -1 -1
0 0 0 0

1 1 1
-1 -1 -1 -1
3 2 1
7 6 4 5

Figure 1. The laboratory installation used to torrefact
biomass samples in vacuum
Note: 1 - the sealed furnace door; 2 - the furnace frame;
3 - the air outlet with a vacuum meter; 4 - the thermostat
support; 5 - shelves; 6 — the control panel and the control
of thermal regimes; 7 — the vacuum pump.

A vacuum drying furnace was used as a reactor to
torrefact biomass samples under laboratory conditions
(Fig. 1). The air from the furnace is discharged by a
vacuum pump that provides a depression of 0.08 MPa.
The temperature inside the furnace was monitored and
controlled with a thermocouple at the predetermined
temperature within the range of +35 - +350°C with a
sensitivity of #2°C.

The obtained results are shown in Figure 2. Exem-
plified by the contours of the response surfaces, the
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Pareto diagram and dominated effects. The torrefac-
tion temperature influences the calorific value most of
all. Basically, the maximum point is outside the aim of
the experiment, but this area is limited by the maxi-
mum temperature that can be used at torrefaction, and
namely 300°C. The duration of torrefaction also has an
increasing trend of influence, though it is slower in the
case of temperature.

a)

b)

Figure 2. Calorific value of the biomass mixture that
includes 50% of blackberry, 50% of sea buckthorn
according to torrefaction temperature and time:

a) Contours of Estimated Response Surface;

b) Standardized Pareto Chart for D, rere10%

(A - Torrefaction temperature, °C; B - Torrefaction Time,
min); ¢) Main Effect Plot for D, et of thermal regimes;
7 — the vacuum pump.

The obtained results demonstrate that the calorific
value of the mixtures consisting of 50% of blackber-
ry residues and 50% of sea buckthorn residues can be
increased by up to about 20% using heat treatment
and torrefaction. In order to get this performance it is
necessary to re-establish torrefaction at a temperature,
which is as close to 300°C as possible and maintain
this temperature for at least 40 minutes. The longer the
torrefaction time, the better the expected result.



CONCLUSIONS

As to the quality and the possibility of the use of ag-
ricultural wood residues for the production of solid
biofuels in the form of pellets, it has been found out
that the existing data in the literature refer to particu-
lar types of plant biomass, and does not sufficiently
reflect the integrity of the situation with regard to the
quality of solid biofuels in the form of pellets made
from agricultural wood residues, collected in the spe-
cific climate of the Prut River. This conclusion is based
on the knowledge accumulated at both national and
international levels.

The results of the quantitative study of the agricul-
tural wood residues, suitable to be used as raw material
for the production of solid biofuels in the form of pellets
under the conditions of the Republic of Moldova and the
counties of Botosani, lasi, Vaslui and Galati, Romania,
have shown that the potential energy that is sustain-
able for the implementation of agricultural residues,
which is estimated from a hectare of plantation, is an
important source of raw material for the production of
solid biofuels. It has been stated that plantations of ap-
ples (41.1 GJ/ha), vines (34.5 GJ/ha), plums (21.4 Gl/ha),
sweet cherries (12.2 GJ/ha) and apricots (11.8 GJ/kg)
show higher energy potentials.

The estimation of the qualitative parameters of pel-
lets produced from agricultural wood residues collect-
ed in the areas adjacent to the Prut River have shown
that they largely correspond to ENPlus 3 requirements
for most qualitative parameters except for those pro-
duced from blackberry and black currant residues.

The highest net calorific value is recorded in the
case of sweet cherry (11.8 Ml/kg), plum (17.7 MJ/kg), ap-
ple (17.72 MJ/kg) and pear (17.31 MJ/kqg) pellets.

Marian et al.

The obtained results can be applied by pellet pro-
ducers to argue the use of different types of agricul-
tural wood residues in the production of pellets. At the
same time the results of this study can be used for fur-
ther research in the field of quality management of the
finished product by forming mixtures of different types
of plant biomass and by improving the technological
process of processing pellets and other types of densi-
fied solid biofuels. It is also interesting to study the way
the moisture content, processing temperature, origin
and particle size affect the flow properties of polymers
in agricultural wood biomass during pelletizing.

Experimentally it has been shown that the arbore-
al residues, received from prunning some types of fruit
shrubs, can be used to produce pellets by creating mix-
tures with different proportions, and their qualitative
characteristics can be significantly improved by ther-
mo-chemical pre-treatment of the raw material.

ACKNOWLEDGEMENTS

This study was made possible thanks to the funding of
the cross-border grant project 2SOFT/1.2/44 “Improv-
ing the Quality of Solid Biofuels are Produced from the
Raw Material Collected from Both Sides of the Prut Riv-
er” within the Joint Operational Programme Romania -
Republic of Moldova 2014-2020, financed by the ENI
CBC and fruitful collaboration of the staff of the Labo-
ratory of Solid Biofuels from the Sate Agrarian Univer-
sity of Moldova, and the Mechanical Faculty, Gh. Asachi
Technical University of lasi, Romania.
Theresearchrelated to the analysis of plant biomass
mixtures resulted from prunning shrubs was possible
duetothe support of project 20.80009.5107.13 no.50-PS
within the State Programme of the Republic of Moldova.

REFERENCES
[1] Habasescu,l., & Cerempei,V.(2012). Potentialul energetic al masei vegetale din agricultura Republicii Moldova.
Mater. conf.“Energy of Moldova - 2012”,355-359. Retrieved from https://ibn.idsi.md/ro/vizualizare_articol/57991.
[2] Marian,G.,Shirakawa,Ya.,Muntean,A.,Gudima,A., & Drucioc,S.(2013).Estimarea capacitatii calorifice a biomasei
lignocelulozice provenite din diferite zone ale Republicii Moldova fn conceptul de producere de combustibili
solizi. Stiinta agricold, 1, 56-62. Retrieved from http://dspace.uasm.md:8080/handle/123456789/4385.

[3] Scarlat, N., Blujdea, V., & Dallemand, J.F. (2011). Assessment of the availability of agricultural and forest
residues for bioenergy production in Romania. Biomass and Bioenergy, 35(5), 1995-2005. doi: 10.1016/].

biombioe.2011.01.057.

[4] Pavlenco, A., Marian, G., & Gudima, A. (2018). Calitatea potentialului energetic al reziduurilor agricole: studiu
de caz pentru Regiunea de Dezvoltare Nord, Republica Moldova. Stiinta Agricold, 2, 141-148. Retrieved from

https://ibn.idsi.md/en/vizualizare_articol/71556.

[5] Gudima, A. (2017). Evaluarea utilizarii reziduurilor agricole pentru scopuri energetice. Studiu de caz pentru
raionul Soroca, Republica Moldova. Meridian ingineresc, 1, 26-29. Retrieved from https://ibn.idsi.md/ro/

vizualizare_articol/53570.

[6] Cimpoies, G., & Popa, S. (2018). Cdtina Albd. Chisinau: UASM.

[7] Balan,V, Sava, P, Calalb, T., Ciorchina, N., Cumpanici, A., Dodica, D., Rosca, I., Todiras, V., & Zbanca, A. (2017).
Cultura arbustilor fructifieri si cdpsunului. Chisindu. Retrieved from https://agrobiznes.md/wp-content/
uploads/2018/03/Manual-didactic-Cultura-arbustilor-fructiferi-si-a-capsunului.pdf.

[8] Marian, G.,Banari,A., Gudima, A., Daraduda, N., & Pavlenco, A. (2020). Caracterizarea reziduurilor provenite din
lantul tehnologic de producere a catinii albe. Stiinta agricold, 2,91-96. doi: 10.5281/zenod0.4321228.
[9] Marian, G. (2016). Biocombustibili solizi, producere si proprietdti. Ch: Bons Offices.

Ukrainian Black Sea Region Agrarian Science, 25(1), 84-93

91


https://ibn.idsi.md/ro/vizualizare_articol/57991
http://dspace.uasm.md:8080/handle/123456789/4385
https://doi.org/10.1016/j.biombioe.2011.01.057
https://doi.org/10.1016/j.biombioe.2011.01.057
https://ibn.idsi.md/en/vizualizare_articol/71556
https://ibn.idsi.md/ro/vizualizare_articol/53570
https://ibn.idsi.md/ro/vizualizare_articol/53570
https://agrobiznes.md/wp-content/uploads/2018/03/Manual-didactic-Cultura-arbustilor-fructiferi-si-a-capsunului.pdf
https://agrobiznes.md/wp-content/uploads/2018/03/Manual-didactic-Cultura-arbustilor-fructiferi-si-a-capsunului.pdf
https://journals.indexcopernicus.com/api/file/viewByFileId/1192294.pdf

92

Quality of pellets produced from agricultural wood residues specific...

[10] Iftikhar, M, Asghar, A., Ramzan, N., Sajjadi, B., & Chen, W. (2019). Biomass densification: Effect of cow dung on
the physicochemical properties of wheat straw and rice husk based biomass pellets. Biomass and Bioenergy,
122,1-6.doi: 10.1016/j.biombioe.2019.01.005.

[11] Miranda, T, Montero, I., Sepulveda, FJ., Arranz, J.l., Rojas, CV., & Nogales, S. (2015). Review of pellets from
different sources. Materials, 8(4), 1413-1427. doi: 10.3390/ma8041413.

[12] Jewiarz, M., Mudryk, K., Wrobel, M., Fraczek, J., & Dziedzic, K. (2020). Parameters affecting RDF-based pellet
quality. Energies, 13(4), 910. doi: 10.3390/en13040910.

[13] Beretta, C., Stoessel, F., Baier, U., & Hellweg, S. (2013). Quantifying food losses and the potential for reduction
in Switzerland. Waste Management, 33(3), 764-773. doi: 10.1016/j.wasman.2012.11.007.

[14] Gudima, A. (2011). Stadiul actual cu privire la utilizarea deseurilor agricole si silvice pentru obtinerea
energiei termice in conditiile Republicii Moldova. Conferinta, 28, 212-214. Retrieved from https://ibn.idsi.md/
vizualizare_articol/85345.

[15] Alakangas, E. (2016). Biomass and agricultural residues for energy generation. Fuel Flexible Energy Generation,
59-96.doi: 10.1016/B978-1-78242-378-2.00003-1.

[16] Portugal-Pereira, J., Soria, R., Rathmann, R., Schaeffer, R., & Szklo, A. (2015). Agricultural and agro-industrial
residues-to-energy: Technoeconomic and environmental assessment in Brazil. Biomass and Bioenergy, 81,521-
533.doi: 10.1016/j.biombioe.2015.08.010.

[17] Gudima, A, Marian, G., & Pavlenco, A. (2017). Stadiul actual al cercetarilor cu privire la influenta variabilelor
de productie asupra calitdtii biocombustibililor densificati in forma de peleti. Meridian Ingineresc, 1, 51-60.
Retrieved from https://ibn.idsi.md/ro/vizualizare_articol/53575.

[18] Niedziodtka, 1., Szpryngiel, M., Kachel-Jakubowska, M., Kraszkiewicz, A., Zawislak, K., Sobczak, P., & Nadulski, R.
(2015). Assessment of the energetic and mechanical properties of pellets produced from agricultural biomass.
Renewable Energy, 76,312-317.doi: 10.1016/j.renene.2014.11.040.

[19] Paiano, A., & Laqioia, G. (2016). Energy potential from residual biomass towards meeting the EU renewable
energy and climate targets. The Italian case. Energy Policy, 91,161-173. doi: 10.1016/j.enpol.2015.12.039.

[20] Steubing, B, Zah, R., Waeger, P., & Ludwig, C. (2010). Bioenergy in Switzerland: Assessing the domestic
sustainable biomass potential. Renewable and Sustainable Energy Reviews, 14(8), 2256-2265. doi: 10.1016/].
rser.2010.03.036.

[21] Toklu, E. (2017). Biomass energy potential and utilization in Turkey. Renewable Energy, 107, 235-244.
doi: 10.1016/j.renene.2017.02.008.

[22] Tumuluru,).S, Tabil, L.G.,Song, Y., Iroba, K.L., & Meda, V. (2015). Impact of process conditions on the density and
durability. Bioenergy Research, 8, 388-401. doi 10.1007/s12155-014-9527-4.

[23] Tumuluru,J.S, Sokhansanj, S., Hess, J.R., Wright, C.T., & Boardman, R.D. (2011). A review on biomass torrefaction
process and product properties for energy applications. Industrial Biotechnology, 7, 384-401. doi: 10.1089/
ind.2011.7.384.

[24] Albashabsheh, N.T., & Stamm, J.L.H. (2021). Optimization of lignocellulosic biomass-to-biofuel supply chains
with densification: Literature review.Biomass and Bioenergy,144,105888.d0i:10.1016/j.biombioe.2020.105888.

[25] Serrano, C., Monedero, E., Lapuerta, M., & Portero, H. (2011). Effect of moisture content, particle size and
pine addition on quality parameters of barley straw pellets. Fuel Processing Technology, 92(3), 699-706.
doi: 10.1016/j.fuproc.2010.11.031.

[26] Stelte, W., Holm, J.K., Sanadi, A.R., Barsberg, S., Ahrenfeldt, J., & Henriksen, U.B. (2011). A study of bonding and
failure mechanisms in fuel pellets from different biomass resources. Biomass and Bioenergy, 35(2), 910-918.
doi: 10.1016/j.biombioe.2010.11.003.

[27] Samuelsson, R., Thyrel, M., Sjostrom, M., & Lestander, T.A. (2009). Effect of biomaterial characteristics on
pelletizing properties and biofuel pellet quality. Fuel Processing Technology, 90(9), 1129-1134. doi: 10.1016/].
fuproc.2009.05.007.

[28] Samuelsson, R., Larsson, S.H., Thyrel, M., & Lestander, TA. (2012). Moisture content and storage time
influence the binding mechanisms in biofuel wood pellets. Applied Energy, 99, 109-115. doi: 10.1016/].
apenergy.2012.05.004.

[29] Stelte, W., Holm, J.K., Sanadi, A.R., Barsberg, S., Ahrenfeldt, J., & Henriksen, U.B. (2011). Fuel pellets from
biomass: The importance of the pelletizing pressure and its dependency on the processing conditions. Fuel,
90(11), 3285-3290. doi: 10.1016/j.fuel.2011.05.011.

[30] Nielsen,N.PK.,Holm,J.K, & Felby, C. (2009). Effect of fiber orientation on compression and frictional properties
of sawdust particles in fuel pellet production. Energy Fuels, 23(6), 3211-3216.doi: 10.1021/ef800923v.

[31] Holm, J.K., Henriksen, U.B., Hustad, J.E., & Serensen, L.H. (2006). Toward an understanding of controlling
parameters in softwood and hardwood pellets production. Energy Fuels, 20(6), 2686-2694. doi: 10.1021/
ef0503360.

Ukrainian Black Sea Region Agrarian Science, 25(1), 84-93


https://doi.org/10.1016/j.biombioe.2019.01.005
https://doi.org/10.3390/ma8041413
https://doi.org/10.3390/en13040910
https://doi.org/10.1016/j.wasman.2012.11.007
https://ibn.idsi.md/vizualizare_articol/85345
https://ibn.idsi.md/vizualizare_articol/85345
https://doi.org/10.1016/B978-1-78242-378-2.00003-1
https://doi.org/10.1016/j.biombioe.2015.08.010
https://ibn.idsi.md/ro/vizualizare_articol/53575
https://doi.org/10.1016/j.renene.2014.11.040
https://doi.org/10.1016/j.enpol.2015.12.039
https://doi.org/10.1016/j.rser.2010.03.036
https://doi.org/10.1016/j.rser.2010.03.036
https://doi.org/10.1016/j.renene.2017.02.008
https://doi.org/10.1007/s12155-014-9527-4
https://doi.org/10.1089/ind.2011.7.384
https://doi.org/10.1089/ind.2011.7.384
https://doi.org/10.1016/j.biombioe.2020.105888
https://doi.org/10.1016/j.fuproc.2010.11.031
https://doi.org/10.1016/j.biombioe.2010.11.003
https://doi.org/10.1016/j.fuproc.2009.05.007
https://doi.org/10.1016/j.fuproc.2009.05.007
https://doi.org/10.1016/j.apenergy.2012.05.004
https://doi.org/10.1016/j.apenergy.2012.05.004
https://doi.org/10.1016/j.fuel.2011.05.011
https://doi.org/10.1021/ef800923v
https://doi.org/10.1021/ef0503360
https://doi.org/10.1021/ef0503360

Marian et al.

[32] Nielsen, N.PK., Gardner, DJ., & Felby, C. (2010). Effect of extractives and storage on the pelletizing process of
sawdust. Fuel, 89(1), 94-98. doi: 10.1016/j.fuel.2009.06.025.

AKicTb NneneT, BUroTOBJIEHUX 3 CilbCbKOrocnoAapcbKMUX AepeBHUX Biaxoais,

XapakTepHux ana 6acemHa piuku MpyT

lpuropiit MapaH

HokTop rabinitoBaHuit, npodecop

HepxaBHuit arpapHuin yHiBepcuteT Mongosu
2049, Byn. Mipuewri, 42, M. KuwuHis, MongoBga
https://orcid.org/0000-0002-9975-2522

Anyc leny

Kananpart, noueHT

SICCbKMIM TEXHIYHMM YHiBEpcuTeT iM. [eopre Acaki
700050, bynbe. npodecopa LimiTpie MaHrepoHa, 67,
M. fcun, PyMyHis
https://orcid.org/0000-0002-2998-0992

borpaH Ictpare

Kanampat, poueHT

SICCbKUM TEXHIYHUM yHiBepcuTeT iM. [eopre Acaki
700050, bynbe. npodecopa LimiTpie MaHrepoHa, 67,
M. fcn, PymyHis
https://orcid.org/0000-0003-0817-3523

Anppin lyauma

KaHaunaat, CTaplimnin HayKoBUIM JOCAIAHUK
[lep>xxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. Mipuewri, 42, M. KnwuHis, Mongosa
https://orcid.org/0000-0002-7250-8423

bopuc Hasap

KaHnaupar, ooueHT

[epxasHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. MipuewrTi, 42, M. KuwuHis, Monaosa
https://orcid.org/0000-0002-9262-5061
Anppiit NMaBneHko

KaHaunaat, Ctaplumnii HayKoBWIM AOCIAHUK
[epxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. Mipuewrti, 42, M. KuwuHis, Monaosa
https://orcid.org/0000-0002-3320-2907
Anekcanppy baHapi

HaykoBuit gocnigHmK

[epxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. MipuewrTi, 42, M. KuwuHis, Monaosa
https://orcid.org/0000-0001-9132-610X
Hikonae Oapapyana

HaykoBuit gocnigHuK

[epxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. Mipuewrti, 42, M. KuwwuHis, Monaosa
https://orcid.org/0000-0001-5683-0431

AHoTawif. Y cTaTTi npencraBneHo MepcnekTMBM BUKOPUCTAHHA AEpeBHUX CiNlbCbKOrocnoAapCbkux BiAXOMIB,
XapakKTepHUX AN KNiMaTUYHOi 30HM, NpUNernoi Ao piuku MpyT,a TakoX SKiCHi XapaKTePUCTUKM YLLiNbHEHOrO TBEPAOTO
H6ionanueayBUINSAi NeneT,0TpPUMMaHNX 3 OCHOBHMX BUALIB AepeBHOI CiIbCbKOroCnoAapcbkoi 6ioMmacu, xapakTepHoi ans
Pecnybniku Monpoga i nogitie botowanu, dcecun, Bacnyi i lanau, 3 PymyHii. MeToto cTaTTi € BUSHAYEHHS eHEPreTUYHOro
noTeHL,iany 0CHOBHUX MiCLLEBMX CiNbCbKOrOCNOAAPChbKUX AEePEBHNX BiAXOAIB i aHANi3 AKOCTi neneT,BUpobAeHUX 3 LMX
Bigxoais. Pe3ynstatv OOCNIAKEHHS NOKa3anu, Wo nenetn, oTpUMaHi 3 BUBYEHMX CilbCbKOrOCNOAapCbKMX BiAXO0AiB,
3HaYHOIO Mipoto BignosiaatoTe BUMoram ENPLus 3 3a BinbLuicTio SKiCHUX NOKA3HWKIB, 338 BUHATKOM MNeneT, OTPUMaHMX
3 BiAXOLIB OXWHM Ta CMOPOAMHMU. Bigxoau, oTpuMaHi Big 06pi3kM NEBHUX TUMIB NIOA0BUX YarapHUKIB, MOXYTb BYTH
BMKOPWCTaHIi AN BUPOOHULTBA NeneT WasxoM hopMyBaHHS CyMillei pi3HUX NPONOPLi, a iX AKiCHi XapaKTepuUCTUKK
MOXYTb OYTM 3HAYHO MOAIMLLEHI WASXOM NonepeaHboi TEPMOXiMiUHOT 06pO6KM CUPOBUHM

KniouoBi cnoBa: pocinHHa 6iomaca, ylwinbHeHe TBepae 6ionanueo, nenetu, 6ionanueo, eHepreTUUHUIA NoTeHLian,
AepeBHi CiNIbCbKOroCnoaapchki Biaxoam
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