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Abstract. This paper deals with the theoretical-experimental model of the tribological 
behavior of the contact elements in precessional gears (PG) in the functions of conjugate 
profiles of linear velocities "convex-concave" or "convex-convex" for the corresponding 
geometric parameters ( , r, ) and the values of the kinematic force parameters 

(   ) for each concrete position of the ki points. The calculation of the constructive-

functional and kinematic parameters of the “roller-shoe” and “roller-roller” elements of the 
tribocouple were adjusted for the experimental verification tests on the SMT-1 installation 
and adapted to the specific test conditions of the tribocouples with conformal contact of gear 
teeth made of plastics, which will be subjected to sliding friction and rolling processes of the 
concrete tribocouple elements.  

Keywords: precessional transmission, precessional gearing, contact load, tribomodel, sliding 
(rolling) friction, experimental modeling of the precessional gearing, tribological 
parameters, friction coefficient and force, power loss, mechanical efficiency. 

Rezumat. În lucrare este prezentat modelul teoretico-experimental al aspectelor de 
comportare tribologică a elementelor de contact în angrenaje precesionale (PG). În funcție de 
vitezele liniare ale profilelor conjugate ,,convex-concave” sau ,,convex-convexe”, s-au 
dezvoltat parametrii ( , r, ) pentru geometria corespunzătoare și valorile parametrilor 

forței cinematice (  ) pentru fiecare poziție concretă a punctelor ki. Calculul 

parametrilor constructiv-funcționali și cinematici ai elementelor tribocuplului ,,rolă-sabot” și 
,,rolă-rolă” au fost ajustați pentru încercările experimentale de verificare pe instalația SMT-1, 
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adaptată la condițiile specifice de încercare a tribocuplurilor cu contact conform dinţilor 
roţilor din material plastic şi care vor fi supuse la frecare de alunecare şi de rulare a elementelor 
tribocuplului concret. 

Cuvinte cheie: transmisie precesională, angrenaj precesional, sarcină de contact, tribomodel, 
frecare de alunecare (rulare), modelare experimentală a angrenajului precesional, 
parametri tribologici, coeficient și forță de frecare, pierderi de putere, eficiență 
mecanică. 

1. Introduction
According to previous research, it is known that unlike classical gears [1-7], in

Precessional Transmission (PT) [8-17] the profile of the teeth of the central gear is variable - 
a fact, which leads to the variation of the contact geometry of the teeth in the same gear, 
changing from one shape to another: from convex-concave - at the foot of the central gear 
tooth, to convex-rectilinear - towards the middle of the tooth and, convex-convex - towards 
the tip of the tooth.  

The manner and limits of variation of the profile of the central wheel depend on the 
configuration of the fundamental parameters of the precessional gearing Z, r, δ and θ by 
which the reference front tooth meshing up to 100% is possible to ensure. This type of gearing 
represents a sliding rolling tribocouple with a specific tribological structure and behaviour, 
characterized by: 

1. Specific construction features of triboelements (variable shape of the profile of the
central wheel tooth; small difference between the radii of curvature of the conjugated
surfaces);
2. High degree of contact multiplicity;
3. Variation of contact shape (,,convex-concave”, ,,convex-rectilinear” and ,,convex-
convex”) for different teeth that are simultaneously in the gear;
4. Relative spherospatial motion of surfaces in the contact area;
5. Variation in large limits of the peripheral linear velocities of the surfaces of the satellite
teeth and the central wheel in the contact area during a precession cycle;
6. Variable relative sliding velocity of the conjugated surfaces for the teeth that are
simultaneously in contact;
7. Approximately uniform load distribution of the conjugated teeth contact (on the
,,convex-concave” portion, where the angle of engagement achieves values with small
deviations from a constant value).
Due to the complexity and specificity of the given tribosystem, set out in points 1-7

listed above, a fundamental study of the tribological behaviour of the Precessional gearing is 
difficult to conduct. For this reason we resort to modelling on simple (standardized) 
tribosystems, where tribological processes similar to tribological processes occurring in the 
contact area of the precessional planetary gear can be realized. In order to meet this 
requirement, tribomodelling is carried out on the concrete case of the gear under 
investigation. 

The evolution of friction force (coefficient), power (energy) losses and triboelement 
wear intensity for the couple of concrete material of the wheels and under contact load 
conditions similar to the working conditions of the precessional gear are followed by the 
research. 
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2. Methodological proposals for experimental investigations of tribocontacts in the
Precessional Gearing

The experimental modeling of the precessional gearing is proposed to be carried out 
on the basis of the tribosystematization proposed by Professor Ion Crudu [16], performed on 
a generalized tribomodel and shown in Figure 1. 

Figure 1. General structure of the physical tribomodel for the experimental recording of 
input and output data: 1-fixed triboelement; 2-mobile triboelement: 3-interposing medium; 

4-working medium [16].

From a functional point of view, the structure of the tribomodel is characterized by the 
following groups of parameters: 

1. 𝑋𝑋𝑖𝑖 ,𝑌𝑌𝑖𝑖  – input, output;
2. 𝑈𝑈 –  command;
3. 𝐶𝐶 – control

of which; 𝑚𝑚 – measurable sizes and 𝑛𝑛 – immeasurable sizes. 
The basic characteristics are established for each of these size groups: 

a. Input - output sizes 𝑋𝑋𝑖𝑖 →  𝑌𝑌𝑖𝑖 :
𝑎𝑎1. Tribostate characteristics (𝑆𝑆𝑠𝑠0, 𝑆𝑆𝑠𝑠1). These characteristics change over time and

determine the behavior of the tribomodel over the test period. They are measurable 
sequentially - at the beginning and end of test sequence periods, or singularly - during a 
single run period. This category includes the following indicators: 

X1 -  surface roughness in the contact zone (RZ0, RZ1); 
X2 – macrohardness(HB0, HB1), (HRC0, HRC1) or microhardness of contact surfaces 

�Hμ0, Hμ1�; 
𝑋𝑋3 – stress state (𝜎𝜎0,  𝜎𝜎1); 
𝑋𝑋4 – chemical composition of the surface layers, resulting from the influence of the 

environment and working conditions (𝑋𝑋40,𝑋𝑋41); 
𝑋𝑋5 – material structure (metallurgical) (𝑋𝑋50,𝑋𝑋51) 
𝑋𝑋6 – purity (𝑋𝑋60,𝑋𝑋61) 

𝑎𝑎2. Tribomodel parameters (𝐶𝐶𝑇𝑇0,𝐶𝐶𝑇𝑇1). Defines the test duration, specific to each type of 
tribo-model and tribosystem.  
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b. Command sizes (𝑈𝑈). Comprising two groups, with values, which are set at the beginning
of the experimental tests:

𝑏𝑏1. Tribo-model construction (Uc). 
𝑢𝑢1 – shape of the contact (on flat surface, or cylindrical; on line with different curvatures 

in the profile section; point-shaped); 
𝑢𝑢2 –  geometrical dimensions in the contact area;  
𝑢𝑢3 – triboelement materials (material couples under test). 

𝑏𝑏2. Test parameters: 
𝑢𝑢4 – contact loading (𝐹𝐹𝑛𝑛) and distribution on the triboform; 
𝑢𝑢5 – relative velocity (sliding, rolling and combinations); 
𝑢𝑢6 – presence and type of lubricant; 
𝑢𝑢7 – ambient temperature in the test chamber (Θ); 
𝑢𝑢8 – environmental conditions (humidity). 

Control measurements (𝐶𝐶), allow for the assessment of wear level and other parameters by 
direct measurements: 

𝑐𝑐1 – amount of material removed (worn); 
𝑐𝑐2 – evolution of the friction moment; 
𝑐𝑐3 – temperature evolution in the contact area; 
𝑐𝑐4 – evolution of vibration level, etc. 

As a result, based on the real precessional gearing, the main characteristics of the 
tribomodel are established for a group of sizes. Finally, the values of these quantities are 
sought from the condition of ensuring the similarity of tribological processes in the contact 
of the tribomodel and the precessional gear. 

For experimental research the tribomodel was made on an installation of 2070 SMT-
1 model manufactured according to GRSI RF: 7717-80 (Figure 2) [17]. 

The kinematic scheme of 
the 2070 SMT-1 installation is 
shown in fig.3 The SMT-1 machine 
(installation) can operate according 
to closed or open contour force 
schemes according to 3 kinematic 
schemes: the revolutions from the 
electric motor 19 - via belt wheel 1 
and toothed belt transmission 5 - 
are transmitted simultaneously to 
the upper sample 13 via the belt 
wheel 6 and to the bottom sample 
14 via the belt wheel 3. Figure 2. General view of the SMT-1 installation [17]. 

The sample 13 is installed on the shaft 12 of the folding trolley where the gear wheels 
10 and 11 are located inside. 

The folding trolley is balanced by means of the spring mechanism 8. An elastic sensor 
7 is installed on the bottom sample shaft to record the friction moment through a non-
contacting collector, from which signals are recorded on a recording board. 
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The loading (stressing) of the samples is carried out by means of the spring mechanism 
16. The amount (magnitude) of the applied normal force is adjusted by turning the lever 15,
and the transmission of the indications to the recording board is made via the flexible
connection from the resistor 17.

Figure 3. Kinematic scheme of the SMT-1 installation, adapted for experimental testing of 
the PG (with sliding or rolling motion of the rollers) [17].

The number of revolutions per minute of the electric motor shaft 19 is measured by 
means of the tacho-generator 18, and the number of revolutions per minute of the bottom 
sample (friction force) - by means of the non-contact transducer 2. The pin 4 is used to protect 
the machine (installation) from overloads. 

For testing the „shaft-bushing” tribocouple, the process is carried out in a special 
chamber according to an open contour scheme. In this case the folding carriage 9 is lifted 
and fixed in this position (turned upside down). Devices, installed on the panel, allow for the 
measurement of the friction moment, the load force, the number of revolutions, the number 
of cycles (travel) and the temperature in the contact area of the samples in the tribocouple. 

a) b) 
Figure 4. Variants of performing the contact. 
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The contact modelling on the SMT-1 installation is carried out in two variants (fig. 4): 
a – „roller-shoe”; b – „roller-roller”. 

The tribomodelling, adapted to the SMT - 1 installation, will be carried out for a 
precessional gear obtained by mathematical modelling, according to the following 
parametric configuration Z, δ,β, θ  (Z1 = 24,  Z2 = 25,  θ = 3,50 , δ = 22,50 , r = 6,27 mm și R = 
75 mm). 

In the mathematical model, the kinematic analysis was performed for a series of contact 
points 𝑘𝑘0, 𝑘𝑘1,𝑘𝑘2, … . ,𝑘𝑘𝑖𝑖 corresponding to crankshaft positioning angles for which the variation 
of the linear velocities 𝑉𝑉𝐸𝐸1 of the contact points  𝐸𝐸1 on the profile of the central wheel teeth,  
𝑉𝑉𝐸𝐸2 of the contact points 𝐸𝐸2 on the profile of the satellite teeth and the relative sliding 
velocity between the flanks 𝑉𝑉𝑎𝑎𝑎𝑎 was established.  

Figure 5. Linear velocities at the contact point VE1, VE 2, Val (a) and the difference in the radii 
of curvature (ρki − r ) (b) of the conjugated profiles in the contact ki (c) as a function of ψ for 
Z1 = Z 2−1 and δ = 22,5° (Z 1 = 24, Z 2= 25,  θ= 3,5°, δ = 22,5°, r = 6, 27 mm, R = 75 mm) [14]. 

The tooth contact geometry at the contact point areas is shown by the radii of 
curvature 𝜌𝜌𝑘𝑘𝑖𝑖 of the central wheel tooth profile and the satellite tooth profile r and their 
difference ( 𝜌𝜌𝑘𝑘𝑖𝑖 − 𝑟𝑟). The tooth contact kinematics analysis is performed for the crankshaft 
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speed frequency 𝑛𝑛1 = 3000𝑚𝑚𝑚𝑚𝑛𝑛−1. When rotating the crankshaft by angle 𝜓𝜓, the contact of 
the teeth in gearing moves from point 𝑘𝑘0 within 0° < 𝜓𝜓 < 43° on the convex-concave phase, 
and then moves to the convex-convex phase.At each point on the tooth profile the geometric 
and kinematic parameters of the contact change taking concrete values at each position. 
Thus, for position 𝑘𝑘0 of the contact, the linear velocity 𝑉𝑉𝐸𝐸1 = 1 9,83 m/ s,  𝑉𝑉𝐸𝐸2 = 2 9,69 m/ s, 
𝑉𝑉𝑎𝑎𝑎𝑎 = 0 ,14  m /s, and the radius of curvature of the profile of the central wheel teeth 𝜌𝜌𝑘𝑘0 =
6,43𝑚𝑚𝑚𝑚, of the satellite teeth r = 6,27 mm and their difference (𝜌𝜌𝑘𝑘0 − 𝑟𝑟= 0,16 mm). The 
calculation results for positions 𝑘𝑘0,𝑘𝑘1,𝑘𝑘2, … . ,𝑘𝑘𝑖𝑖 are shown in Figure 5. The realization of the 
experimental tribomodel for the precessional gear is related to the meeting of the 
constructive aspects of the contact by shape (,,convex-concave” or ,,convex-convex”) and 
dimensions with the corresponding geometrical parameters (𝜌𝜌𝑘𝑘𝑖𝑖,  𝑟𝑟,  𝜌𝜌𝑘𝑘𝑖𝑖 − 𝑟𝑟)  and the values 
of the kinematic parameters (VE1 , VE 2,  Val ) for each concrete position of the point ki. 

3. Calculation of the constructive and kinematic parameters of the „roller-shoe”
(Figure 6) and „roller-roller” (Figure 7) tribomodels
The tribomodel of the “convex-concave” portion of the contact, according to the

kinematic possibilities of the SMT-1 installation, can be realized in the “roller-shoe” version 
(Figure 6) where: 𝒓𝒓 – radius of the roller,  𝝆𝝆𝒌𝒌𝒌𝒌 – radius of curvature of the contact surface of 
the shoe. 
Geometrically the contact is modelled according to the criterion (𝜌𝜌𝑘𝑘𝑖𝑖 − 𝑟𝑟) - the difference in the 
radii of curvature of surfaces in the area of points 𝑘𝑘𝑖𝑖 . As a kinematic modelling criterion only 
the sliding velocity 𝑉𝑉𝑎𝑎𝑎𝑎 can be accepted. Based on these criteria, the values of the constructive 
and kinematic parameters of the model are concretized for each point 𝑘𝑘𝑖𝑖 (Figure 5) determined 
by the angle 𝜓𝜓 of the position of the crank of the precessional reducer satellite. 

From a constructive point of view the roller and shoe triboelements, when interacting, 
must ensure linear contact with the corresponding difference in radii (𝜌𝜌𝑘𝑘𝑖𝑖 − 𝑟𝑟 ) of curvature 
in the area of the contact points 𝑘𝑘1 and 𝑘𝑘2 (Figure 5), with corresponding values of the sliding 
velocity. 

Figure 6. Interaction scheme of the surfaces in contact in the case of the experimental 
,,roller-shoe” tribomodel for the ,,convex-concave” portion of the precessional gearing. 

Based on the constructive features of the test assembly of the SMT-1 installation, it 
was accepted that the roller triboelement radius 𝑟𝑟 = 17𝑚𝑚𝑚𝑚 (diameter 𝑑𝑑2 = 2𝑟𝑟).  
The radius of curvature of the shoe triboelement is determined according to the relation: 

 𝜌𝜌𝑘𝑘𝑖𝑖 = 𝑟𝑟 + (𝜌𝜌𝑘𝑘𝑖𝑖 − 𝑟𝑟) (1) 

The rotation speed (revolution) of the guiding roller shaft 𝑑𝑑2, required to obtain the sliding 
velocity with values corresponding to the areas 𝑘𝑘𝑖𝑖 and the contact points (𝑉𝑉𝑎𝑎𝑎𝑎𝑖𝑖), is determined 
from the relation: 
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𝑛𝑛 = 60𝑉𝑉𝑎𝑎𝑎𝑎𝑖𝑖 ∙ 103
𝜋𝜋𝑑𝑑2
�  (𝑟𝑟𝑟𝑟𝑟𝑟/𝑚𝑚𝑚𝑚𝑛𝑛) (2) 

The results of the calculations are shown in Table 1. 

Table 1 
Constructive and kinematic parameters of the „roller-shoe” tribomodel 

Point 𝒌𝒌𝒌𝒌 𝒓𝒓(mm) 𝒅𝒅𝟐𝟐 = 𝟐𝟐𝒓𝒓(mm) 𝝆𝝆𝒌𝒌𝒌𝒌 − 𝒓𝒓(mm) 𝝆𝝆𝒌𝒌𝒌𝒌(mm) 𝑽𝑽𝒂𝒂𝒂𝒂(m/s) 𝒏𝒏(rot/min) 
𝑘𝑘1 17 34 1,17 18,17 0,34 191 
𝑘𝑘2 17 34 9,55 26,55 0,67 376 

In the “roller-shoe” model the influence of the linear reciprocal rolling velocities 𝑉𝑉𝐸𝐸1 
and 𝑉𝑉𝐸𝐸2 on the tribological behavior of the contact is lost. 

The “convex-convex” tribomodel of the contact shape. The second variant of 
experimental modelling of the contact shape of the precessional gearing, possible to perform 
on the SMT - 1 installation, is the “roller-roller” model with a “convex-convex” external 
contact. In this case the shape of the model contact differs constructively from the shape of 
the precessional gear contact. 
Accepting this compromise, it is possible to realize the sliding rolling tribosystem model with 
which the tribological behaviour of the contact under the action of linear reciprocal rolling 
velocities with relative sliding will be studied with. The sketch of the triboelement interaction 
in the case of the “roller-roller” contact model is shown in Figure 7, where: 𝑟𝑟, 𝑑𝑑2– radius and 
diameter of the driving roller;  𝜌𝜌𝑘𝑘𝑖𝑖 and 𝑑𝑑1 – radius and diameter of the driven roller; 𝑉𝑉𝐸𝐸2 and 
𝑉𝑉𝐸𝐸1 – peripheral linear velocities of the reciprocal rolling surfaces of the driving roller 𝑑𝑑2 and 
the driven roller 𝑑𝑑1; 𝜔𝜔 – angular velocity of rotation of the shafts of the driving and driven 
rollers. 

The constructive and kinematic parameters required for the experimental model of the 
precessional gear contact ( 𝜌𝜌𝑘𝑘𝑖𝑖 − 𝑟𝑟), 𝑉𝑉𝐸𝐸2, 𝑉𝑉𝐸𝐸1 and 𝑉𝑉𝑎𝑎𝑎𝑎 for each point 𝑘𝑘𝑖𝑖 , are shown in Figure 5. 
Constructively, the radius of the triboelement of the driving roller is accepted: 𝑟𝑟 = 17𝑚𝑚𝑚𝑚 
(diameter 𝑑𝑑2 = 34𝑚𝑚𝑚𝑚). According to the accepted value of the diameter of the driving roller 
and the peripheral linear velocity 𝑉𝑉𝐸𝐸2 the angular velocity ω is determined for the contact 
position in the area of each point 𝑘𝑘𝑖𝑖: 

𝜔𝜔 = 2𝑉𝑉𝐸𝐸2 ∙ 103
𝑑𝑑2
�  (𝑟𝑟𝑎𝑎𝑟𝑟

𝑠𝑠
) (3) 

Figure 7. Scheme of the interaction of surfaces in contact for the experimental 
,,roller-roller” tribomodel for the ,,convex-convex” shape of the contact. 
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Knowing the angular velocity, the diameter of the driven roller triboelement 𝑑𝑑1 is determined: 

𝑑𝑑1 = 2𝑉𝑉𝐸𝐸1 ∙ 103
𝜔𝜔�  (𝑚𝑚𝑚𝑚) (4) 

To achieve the kinematic regime in the contact area of the tribomodel, similarly to the 
kinematic regime in the contact area of the precessional gear, the speed of the driving roller 
is determined: 

𝑛𝑛 = 60𝑉𝑉𝐸𝐸2 ∙ 103
𝜋𝜋𝑑𝑑2
�  (𝑟𝑟𝑟𝑟𝑟𝑟/𝑚𝑚𝑚𝑚𝑛𝑛) (5) 

The calculation results for points 𝑘𝑘1 and 𝑘𝑘2 are shown in Table 2. 

Table 2 
Constructive and kinematic parameters of the „roller-roller” tribomodel 

Contact 
point 

Roller 
radius 
𝒓𝒓(mm) 

Roller 
diameter 
𝒅𝒅𝟐𝟐(mm) 

(𝝆𝝆𝒌𝒌𝒌𝒌 − 𝒓𝒓) 
(mm) 

𝒅𝒅𝒌𝒌𝒌𝒌 
(mm) 

𝑽𝑽𝑬𝑬𝟐𝟐 
(m/s) 

𝑽𝑽𝑬𝑬𝑬𝑬 
(m/s) 

𝑽𝑽𝒂𝒂𝒂𝒂 
(m/s) 

𝝎𝝎 
(rad/s) 

𝒏𝒏 
(rot/min) 

𝑘𝑘1 17 34 1,17 38,02 2,93 3,27 0,34 172 1646 
𝑘𝑘2 17 34 9,55 66,55 0,7 1,37 0,67 41,17 393 

Conclusions 
1. It has been established that, unlike classical gears, the Precessional Transmission (PT)

can have a variable profile of the central gear teeth, which leads to varying the tooth contact 
geometry within the same gear, changing from one shape to another (from “convex-concave” at 
the foot of the tooth of the central gear - to “convex-rectilinear” towards the middle of the 
tooth, and “convex-concave” towards the tooth tip), and the manner and limits of its variation 
(profile) depend on the configuration of the fundamental parameters of the precessional gear 
(Z, r, δ and θ) by which the reference front tooth gearing of up to 100% can be ensured. 

2. It has been found that this type of gear represents a tribosystem with sliding rolling
motion, with a specific constructive tribological structure and behaviour - variable shape of the 
profile of the central wheel tooth; small difference in the radii of curvature of the conjugated 
surfaces; high degree of contact multiplicity; contact shape variation – “CVX-CCV”, “CVX-RL” 
and “CVĂ-CVX” - for different teeth simultaneously in the gear; relative spherospatial motion 
of surfaces in the contact area; variation (within large limits) of peripheral linear velocities of 
the surfaces of the satellite teeth and the central wheel in the contact area during a precession 
cycle; variable relative sliding velocity of the conjugated surfaces for the teeth that are 
simultaneously in contact; approximately uniform distribution of the contact load of the 
conjugated teeth (on the “CVX-CCV” portion - where the angle of gearing has values with small 
deviations from a constant value). 

3. From point 2 (complexity and specificity of the given tribosystem),described above, we
note that a fundamental study of the tribological behavior of PT gearing is difficult to carry 
out, and for this reason we have resorted to modelling on simple (standardized) tribosystems, 
where tribological processes, similar to tribological processes which occur in the area of PP 
(precessional plane) gearing contact, can be realized. In order to meet this requirement, 
tribomodelling is performed on the concrete case of the gear under investigation. 

It was proposed that the Experimental modelling of the gear should be carried out on the 
basis of the tribosystematization, developed by Prof. Ion Crudu, which is represented by a 
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generalized tribosystem (with the setting of input, command, control and output parameters), carried 
out on a installation of the 2070 (SMT-1) model, produced according to GRSN RF – 80. 

The devices installed on the panel, allow for the measurement of the friction moment, the 
load force, the number of revolutions, the number of cycles covered and the temperature in the 
contact area of the elements (“roller-shoe”, “roller-roller”) of the corresponding tribo-couple. Sample 
wear shall be assessed by the mass method on the VLA - 2000 electronic scale (accuracy - 0,0001 g). 

4. The constructive and functional parameters of the samples for the experimental
tests of the tribocouple elements “roller-shoe” and “roller-roller” in their concrete test regimes 
have been calculated and adjusted to the SMT-1 installation. 
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Abstract. Almost a quarter of people killed in road accidents worldwide are the most 
vulnerable road users – pedestrians. Every year, more than 300000 pedestrians die on the 
world's roads, which is about 23% of the total number of people killed in road accidents. In 
addition, millions of pedestrians are traumatized, some of them becoming disabled for life. 
The article includes a brief description of the driver-pedestrian relationship, road accident 
statistics involving pedestrians in the Republic of Moldova and in different geographical 
areas of the globe, modern practices and technologies applied in car construction by 
manufacturing plants to ensure pedestrian safety. 

Keywords: pedestrian, pedestrian crossing, road accident, traffic accident, pedestrian safety, pedestrian 
collision, pedestrian collision. 

Rezumat. Aproape un sfert dintre cei decedați în accidentele rutiere din întreaga lume sunt 
cei mai vulnerabili participanți la trafic – pietonii. Anual pe drumurile lumii mor peste 300000 
de pietoni, ceea ce constituie circa 23% din numărul total de persoane decedate în 
accidentele rutiere. În plus, milioane de pietoni sunt traumatizați, unii dintre ei devenind 
invalizi pe viață. Articolul cuprinde o descriere succintă a relației conducător-pieton, statistica 
accidentelor rutiere cu implicarea pietonilor în Republica Moldova și în diferite zone 
geografice ale globului pământesc, practicile și tehnologiile moderne aplicate în construcția 
automobilelor de către uzinele producătoare privind siguranța pietonului. 

Cuvinte cheie: pieton, trecere de pietoni, accident rutier, accident de circulație, siguranța 
pietonului, tamponarea pietonului, coliziunea pietonului. 

Pedestrian, according to the Road Traffic Regulations [1, 2], is considered the person 
who is on the road outside the vehicle and who does not perform works. Most pedestrians 
are people who walk, move to or from work, school, shop, etc., perform a physical activity, 
walk, drive a bicycle, moped, motorcycle, pull or push a car, a toboggan, a freight cart, 
strollers or wheelchairs for the disabled, carry in their arms, head, shoulders or back loads of 
different sizes and shapes, run or walk fast, sit or sit on the road platform so that all the world 
at some point is as a pedestrian, even if some only for short periods of time. 

https://doi.org/10.52326/jes.utm.2022.29(2).02
mailto:vasile.plamadeala@fimit.utm.md
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Walking is the most common form of movement, regardless of social groups, in the 
world. Virtually any route or walk begins and ends with walking. On some routes, walking is 
the only way to travel, regardless of distance. 

It is known that walking has a beneficial effect on human health and contributes to 
the protection of the environment, as it increases physical activity, which in turn leads to a 
decrease in the frequency of cardiovascular disease and obesity-related diseases. In this 
regard, many countries have launched programs that encourage walking [3]. 

Unfortunately, the promotion and widespread use of pedestrian traffic can, in some 
cases, lead to an increase in the number of road accidents and injuries. Due to the rapid 
increase in the number of vehicles (1,2 billion in the world [4, 5], 1,2 million in the Republic 
of Moldova [5, 6]) and their frequency of use, as well as the general neglect of the need to 
build for pedestrians roads and landscaping, pedestrians are increasingly at risk of getting 
involved in road accidents. The vulnerability of pedestrians is further amplified in the 
conditions of unsatisfactory application of the Road Traffic Rules (RTR). 

The higher share of vehicle-pedestrian conflicts is registered in the urban 
environment, where with the development of cities, the pedestrian traffic has also increased 
spectacularly. In urban areas, about half of road accidents occur due to non-compliance with 
pedestrian traffic rules [7]. 

According to estimates, more than 300000 pedestrians (about 180000 children) die in 
road accidents annually in the world, which is about 23% of the total number of deaths in 
road accidents (Figure 1).  

Figure 1. Distribution of deaths by categories of road users by WHO regions [11, 12].

29% of those who died in road accidents belong to drivers and passengers of cars, 28% 
to motorcyclists, and the remaining 20% – to other road users 
[3, 8-12]. The situation varies significantly between regions of the world. In most low- and 
middle-income countries, the percentage of road accident victims, such as pedestrians, 
cyclists, drivers and passengers of two- and three-wheeled motor vehicles, is significantly 
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higher than in high-income countries. For example, in the WHO African Region, 40% of all road 
accident deaths are due to pedestrians, and in the WHO West Pacific Region 36% are to 
motorcyclists, ie drivers and passengers of 2- or 3-wheel motor vehicles (Figure 1). Drivers 
and passengers represent between 16% of those killed in road accidents in the South-East 
Asia Region to 48% in the European Region. 

The WHO regions with the highest share of pedestrian deaths in road accidents are the 
African Region with 40% and the Eastern Mediterranean Region with 34%, followed by the 
European Region with 27%, the American Region and the Western Pacific Region with 22% each, 
and the Region Southeast Asia with the lowest share of 14%. 

Pedestrian collisions, like other road accidents, cause psychological and socio-
economic damage, as well as damage to health. The traumas received as a result of road 
accidents consume the material resources necessary for the development of the country as a 
whole and the family in particular. There are no global estimates of the economic impact of 
road accidents involving pedestrians, but losses in road accidents are estimated at between 
1% and 3% of GDP [2, 3, 7, 13]. 

Accidents with pedestrians affect people of all ages, although under certain conditions 
some age groups may be affected more than others. For example [3]: 

• it was found that approximately 57% of pedestrians killed in road accidents in four
cities in South Africa were between 20 and 44 years old;

• in the USA in 2009, the mortality rate among pedestrians over the age of 75 was 2,28
per 100000 inhabitants, which is higher than the mortality rate in any other age group;

• in Hyderabad (India), the age of 61% of pedestrians who suffered in traffic accidents
was between 21 and 40 years;

• in the Australian state of New South Wales in 2010, 20% of pedestrians who died were
under 21 years old, and another 29% – between 21 and 40 years old;

• the results of a study of road injuries among children and adolescents in African cities
showed that 68% of cases went to pedestrians;

• a study in Dar es Salaam (Tanzania) found that 45% of traumatized pedestrians were
adults.
It has been found that male pedestrians, both children and adults, are more often

involved in road accidents with the involvement of pedestrians. For example, a study in the 
US showed that men accounted for 70% of pedestrian deaths, with a mortality rate of 2,19 
cases per 100000 population, while in women the mortality rate was 0,91 per 100000 
inhabitants. The results of a study conducted in Mexico showed that the pedestrian mortality 
rate was higher among men (10,6 per 100000 inhabitants) than among women (4 per 100000 
inhabitants) [3]. 

Socio-economic status is one of the key determinants of pedestrian road trauma. As a 
rule, the representatives of the poorer groups of the population are exposed to a higher risk 
of trauma when walking. For example [3]: 

• in the UK, the risk of trauma in road accidents in children from lower socio-economic
groups was higher more than twice compared to children with a higher socio-
economic position;

• in the US, in poor areas of Orange County, California, road accidents involving
pedestrians occurred four times more often;

• In Hyderabad (India), children in the upper quartile of households by income level were
much less involved in road accidents.
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In general, there are significant differences between countries in terms of places 
where road accidents involving pedestrians take place. While in high-income countries 
pedestrian collisions are more common in cities than in rural areas, in low- and middle-
income countries the opposite legality is a feature. For example [3], about 70% of all 
pedestrian deaths in European Union countries and 76% in the US occur in urban areas. In the 
UK, young pedestrians have been involved in road accidents five times more often in cities 
than in rural areas, and the death rate has been twice as high. The results of a study conducted 
in China revealed the opposite trend: pedestrians in rural areas suffered more road injuries 
than pedestrians in cities. A study conducted among university students in Cairo (Egypt) 
showed that for those living in rural areas, the probability of suffering road injuries was 
significantly higher, compared to city dwellers. 

Most pedestrian collisions occur when crossing the road. For example [3], a study in 
Ghana showed that 68% of dead pedestrians were hit by vehicles in the middle of the road. 
Information obtained from 73 pedestrians during a study in Kenya showed that 53 people 
(72,6%) were traumatized when they crossed the road, eight people (11%) – when they were 
on the sidewalk, six people (8,2%) – when walking along the road and six (8,2%) – in other 
situations, including when dealing with street trade. 

In some countries, there are more road accidents involving pedestrians on weekdays 
than on weekends, while in other countries, on weekends, there are more fatal collisions with 
pedestrians. In the United States, in December, most pedestrian collisions occur during dusk 
and in the first hour after dark on all days of the week, and in June during dusk and in the 
first hour after dark on Fridays and Saturdays [3]. 

Although child pedestrians are given attention in road education, about one in ten 
deaths among people aged 5-15 are due to road accidents. Children are vulnerable 
pedestrians because they are more difficult to see in the driver's field of vision and, 
conversely, from their low visual position they do not observe or appreciate the movement 
of vehicles correctly. Also, children show mental lability and do not have the ability to 
correctly appreciate distances and walking speeds. The statistics of road accidents show that 
the percentage of elementary school students who died as a result of the impact with moving 
vehicles is three times higher than that of high school students [7]. 

The elderly are also the most common victims among pedestrians. They are 
particularly vulnerable, due to the decrease in their ability to observe approaching vehicles, 
as well as due to their low agility and speed to avoid vehicles or cross the road more quickly. 

In relation to drivers, pedestrians have some essential characteristics: 
• are more heterogeneous in terms of age and education on road traffic;
• are more numerous per unit of length or surface of the roads;
• underestimates the effects that their behavior can produce in the development of car

traffic;
• know less about the traffic rules and give them less importance;
• are more difficult to follow and constrained to violate traffic rules and signs;
• age is a more important factor in road accidents, young pedestrians due to ignorance,

and the elderly due to inattention.
These characteristics determine an unpredictable behavior of pedestrians, the

measures of protection and disciplined, comfortable and safe organization of their traffic 
being much more difficult to achieve. 
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One of the main problems that arises is the behavior of pedestrians. Usually, when 
walking, people choose the shortest path, and if they go with a well-established goal they do 
not want to consume too much time, so they often follow the rules as much as they deem 
necessary. The shortest route does not require the obligatory use of pedestrian crossings or 
crossings, especially if this means an additional walking distance. They may also not follow 
the red traffic light signal if they wait longer. In addition, pedestrians tend to pay less 
attention to traffic on known routes than in unknown circumstances [14]. When the loss of 
time becomes substantial, pedestrians become impatient, especially children, and endanger 
themselves by trying to cross through inappropriate intervals between vehicles. The 
maximum delay that pedestrians accept must not be greater than that which would be the 
red signal of a traffic light located at the marked crossing. 

An unthinking action of the pedestrian becomes a bad dream for the driver, because 
in 90% of cases for violations of the pedestrian is responsible to the driver. This happens 
because the law says the following: even if the pedestrian has violated, the driver must 
anticipate his actions and not allow the accident. 

The main risk factors for pedestrians are well known and include: the behavior of 
drivers, especially in terms of speed and drunk driving; the level of development of pedestrian 
infrastructure in terms of the absence of sidewalks, walkways and elevated dividing lanes, 
etc.; vehicle construction – the presence of a solid and hard front, which does not attenuate 
and reduce the force of the impact on of the pedestrian and poor visibility of pedestrians. In 
many countries, emergency services needed to save the lives of traumatized pedestrians are 
also hampered by their poor functioning. 

Other factors that contribute to pedestrian trauma are [3]: 
• poor compliance with traffic rules;
• aggressive and unsafe driving;
• stealing the attention of drivers or pedestrians, including by using mobile phones;
• driver fatigue;
• the „pedestrian-vehicle” conflict at pedestrian crossings;
• reaction and slow walking speed in the elderly;
• the inability of children to properly assess the speed of vehicles, the distance to them

and other appropriate information, which would allow them to cross the street safely
without accompanying adults;

• lack of supervision of children, who are still too young to make their own decisions;
• the unwillingness or refusal of the drivers to respect the right and priority of

pedestrians in the cases provided by law;
• technical condition of vehicles and their defects (eg defective brakes, poor lighting,

damaged windscreen etc.);
• silent (electric) vehicles, the presence of which cannot be detected by hearing.

The following should also be mentioned [14]:
1. Pedestrians represent the largest category of traffic participants, which is

characterized by disorganization.
2. Some pedestrians do not know the Road traffic regulations. Another part of pedestrians

know RTR in an insufficient volume and consciously violates them.
3. The pedestrian, who crosses the road and suddenly notices the vehicle, usually gets

lost and tends to turn back.
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4. Older people are characterized by reduced mobility, poor hearing and sight, delayed
reaction and react inappropriately to the dynamic characteristics of vehicles.

5. The group of pedestrians, waiting to cross the road in case of intense transport flow,
presents a greater danger than a lone pedestrian.

6. If there are children at the side of the road, it must be taken into account that they are
impatient and inattentive.

7. The field of vision of children is one third of the field of vision of adults, and often
incorrectly assesses the direction and speed of vehicles.

8. Children can cross the road directly in front of the vehicle, looking only in front of it.
9. The use of umbrellas by pedestrians and the presence of hoods on the head limits

visibility and the noise of rain disturbs the noise of vehicles.
10. In winter, pedestrians hear the noise of vehicles worse. They can also slip

unexpectedly on the slippery road.
11. Drunk pedestrian behavior is unpredictable. They may suddenly change direction or

fall.
Road accidents involving pedestrians in the Republic of Moldova constitute about 40%

(period 2000-2018) of the total number of accidents (Table 1) [2, 7, 12, 14-22]. Most accident 
situations happen in localities. They are created in places where pedestrians frequently 
appear: at pedestrian crossings, road vehicle stations, intersections, markets, places often 
frequented by children etc. 

Every ninth road accident was caused by pedestrians (5357, or 10,75% of the total 
number of road accidents). 

Table 1 
Frequency of road accidents (2000–2018) 

The year 
Total road 
accidents 

Road 
accidents 
involving 

pedestrians 

% of the total 
number of 

road accidents 

Road 
accidents 
involving 
children 

% of the total 
number of 

road accidents 

2000 2580 1269 49,19 491 19,03 
2001 2666 1237 46,40 496 18,60 
2002 2899 1369 47,22 518 17,87 
2003 2670 1289 48,28 440 16,48 
2004 2447 1122 45,85 373 15,24 
2005 2289 1041 45,48 342 14,94 
2006 2298 1006 43,78 316 13,75 
2007 2437 1054 43,25 360 14,77 
2008 2875 1079 37,53 635 22,09 
2009 2755 1066 38,69 536 19,46 
2010 2930 1071 36,55 544 18,57 
2011 2826 1006 35,60 564 19,96 
2012 2712 935 34,48 557 20,54 
2013 2603 980 37,65 485 18,63 
2014 2564 886 34,56 411 16,03 
2015 2527 831 32,88 357 14,13 
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Continued Table 1 
2016 2479 835 33,68 387 15,61 
2017 2640 997 37,77 371 14,05 
2018 2613 946 36,20 414 15,84 
Total 49911 20019 40,19 8597 17,26 

The violations committed by pedestrians that led more frequently to road accidents 
were: 

• crossing the street without being insured beforehand;
• crossing the street in forbidden places;
• irregular driving on the road;
• unexpected exit from vehicles, obstacles.
The number of road accidents in which children suffered is 8597 or 17,26% of the

total number of road accidents, as a result of which 602 or 8,11% of the total number lost 
their lives, and 8757 children were traumatized or 14,46% (Figure 2). 

Due to the children's own fault, there were 1810 road accidents (Figure 2). 114 of 
them died and 1682 children were traumatized. 

Figure 2. Children who suffered in road accidents (2000–2018). 
In order to minimize the number of victims in road accidents, pedestrians are urged to 
follow some simple but very useful traffic rules [1, 2, 22]: 

• make sure at all times, even when you are on the crosswalk, that the crossing can be
done safely (vehicles are stopped before marking);

• at pedestrian crossings, drive to traffic light signals for pedestrians, vehicles or traffic
officers;

• once engaged in crossing, do not slow down or stop for no reason;
• wait for the route vehicles in the station, on the footway, or on the sideways, as the

case may be, on the shelter;
• on undirected crossings, exit the road only when you are convinced of the safety of

the crossing even if you have priority over drivers;
• if there are no pedestrian crossings within the visibility limits of 100-150 meters, cross

the road only after making sure that no vehicles are approaching;
• move on the right side of the footways, and in their absence – on the sidewalk;
• outside the localities, drive on the left side of the road to meet the flow of vehicles;
• when traveling at night or in low visibility conditions, wear clothing with fluorescent-

reflective elements;
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• if you are a parent or educator and accompany children – do not allow their
unattended exit on the road, and while driving, drive on the outside of the sidewalk
or sidewalk;

• children should not be allowed to cross alone – they are unpredictable and cannot
appreciate distances and speeds correctly. Do not forget! – children imitate the road
behavior of adults.

Pedestrians are also forbidden to engage in road crossing [1, 2, 22]: 
• directly in front or behind vehicles stopped or parked on the road;
• on road sectors with limited visual field;
• if a vehicle with a priority traffic regime is approaching, which emits light and sound

signals;
• to cross the tracks at level crossings, when the light signal or the position of the barrier

prohibits the crossing.
At the same time, in order to avoid road accidents involving pedestrians, drivers are

urged to reduce their speed and drive more carefully [22]: 
• when approaching the pedestrian crossing, so that it can stop and give priority;
• in the area of educational institutions, socio-cultural or economic objectives, where

there is a large flow of pedestrians, especially children;
• when approaching the stations of road vehicles, especially those that are not provided

with pedestrian shelters, where some pedestrians can engage in crossing in front of
the means of transport;

• when approaching one or more pedestrians moving on the roadway, regardless of the
direction of travel.
In order to increase pedestrian safety, attention must be paid to the construction of

vehicles, road infrastructure, means of road traffic control, in particular speed limitation, and 
the application of rules and regulations relating to road traffic. 

In the context of the above, car manufacturers since 1960 have set themselves the 
goal of building vehicles that would reduce the damage and injury to both drivers, passengers 
and pedestrians in traffic accidents. Since 1967, General Motors has used shock-resistant 
windows. This solution reduced the survival rate for the driver and passengers, but reduced 
the damage to pedestrians when they collided. The dangers of pedestrian collisions are 
obvious, and the windshield is one of the most „favorable” areas with which it can come into 
contact. 

The impact between the vehicle and the pedestrian is currently a very important issue 
regarding the active and passive safety of motor vehicles. Data collected from around the 
world indicate that much more pedestrians die in road accidents than vehicle passengers. A 
pedestrian bumped at a speed of 60 km/h is very likely to die, regardless of the safety 
solutions incorporated in the vehicle. The separation of pedestrians from road traffic through 
road infrastructure is the biggest contribution in the field of pedestrian safety, technology 
having an important word in this area. Currently, car manufacturers are developing equipment 
to prevent collision, based on radar or ultrasound, which brakes the vehicle in the event of 
the danger of colliding an obstacle, including a pedestrian, pedestrian protection in the event 
of a collision, during night hours etc. 

The pedestrian protection system [5, 23] is designed to reduce the consequences of a 
pedestrian collision with the car in the event of a road accident. The system (Figure 3) is 
developed by TRW Hodings Automotive (Pedestrian Protection System, PPS), Bosch (Electronic 
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Pedestrian Protection, EPP), Siemens and since 2011 is installed in series on the cars of 
European manufacturers. The systems listed have an analog construction. 

The principle of operation of the pedestrian protection system is based on the opening 
of the hood at the collision of the pedestrian with the car, which achieves the increase of the 
space between the hood and the engine parts and correspondingly the reduction of the 
pedestrian trauma. In fact, the raised hood participates as a safety cushion. 

In addition to the system presented on cars for pedestrian protection, the following 
constructive solutions are used, that reduce collision trauma: 

• „soft” hood;
• brushes without housing;
• „soft” bumper;
• inclined hood and windshield;
• increased distance between engine and bonnet.

Figure 3. Pedestrian Protection System, PPS. 

The further development of the pedestrian protection system is the Pedestrian Airbag 
System, introduced by Volvo in 2012 [5, 24]. The system is designed to reduce the degree of 
pedestrian trauma in a collision with the car. The air cushion (Figure 4) inflates outside the 
car and covers the bottom of the windscreen and side brackets. At the same time, the rear of 
the bonnet is raised when the front bumper of the car detects the impact with a pedestrian. 
Together, the air cushion and the raised hood ensure a significant reduction in trauma to the 
pedestrian's collision with the car. The pedestrian air cushion works in tandem with another 
Volvo system – the Pedestrian Detection system. 

The pedestrian air cushion operates at a speed of 20 to 50 km/h and cannot be 
deactivated by the driver. According to statistics, the majority (75%) of road accidents 
involving pedestrians take place at speeds of up to 40 km/h. 

The pedestrian detection system [5, 26] is designed to prevent collisions with 
pedestrians. The system recognizes people near the car, automatically decelerates the car, 
reduces the impact force and even avoids the collision with the pedestrian. The use of the 
system allows a 20% reduction in pedestrian mortality, and in the case of road accidents and 
a 30% reduction in the risk of serious trauma. 

The pedestrian detection system was first used in 2010 on Volvo cars. The system 
currently has a number of changes: 
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Figure 4. Pedestrian Airbag System, PAS [5, 25].

• PDS (Pedestrian Detection System) from Volvo (Figure 5);
• APDS (Advanced Pedestrian Detection System) of the TRW (Figure 6);
• ES (Eye Sight) from the Subaru (Figure 7).

Figure 5. Pedestrian Detection System, PDS [5, 27]. 

The following interdependent functions are performed in the pedestrian detection 
system: pedestrian detection, collision warning and automatic braking. 

To detect pedestrians, a video camera and a radar are used (two video cameras at 
Subaru), which actually operate at a distance of up to 40 m. If the pedestrian is detected by 
the video camera and the result is confirmed by radar, the system tracks pedestrian 
movement, predicts subsequent displacement and estimates the probability of a collision 
with the car. The detection results are displayed on the multimedia system screen. The system 
also reacts to cars, which are parked or moving in the same direction. 

Figure 6. Advanced Pedestrian Detection 
System, APDS [5, 28].

Figure 7. Eye Sight, ES [5, 29].

If the system has determined that a collision with a pedestrian is unavoidable due to 
the current nature of the car's movement, the driver receives an audible warning. Then, the 
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system evaluates the driver's reaction to the warning – changing the character of the car's 
movement (braking, changing direction). If the reaction is missing, the pedestrian detection 
system automatically stops the car. In this situation, the pedestrian detection system is a 
derivative of the automatic emergency braking system. 

The pedestrian detection system allows complete avoidance of collision at speeds of 
up to 35 km/h. At higher speeds, the system cannot completely prevent the accident, but it 
can reduce the consequences for the pedestrian by decelerating the car before the collision. 
The statistical data show that the probability of pedestrian death following the collision with 
the car at a speed of 65 km/h is 85%, 50 km/h – 45%, 30 km/h – 5%. 

The automatic emergency braking system creates partial or maximum braking pressure 
without the involvement of the driver, ie automatically. 

Emergency automatic braking systems include [5, 30]: 
• PSB (Pre-Safe Brake) on Mercedes-Benz cars;
• CMBS (Collision Mitigation Braking System) on Honda cars;
• CBC (City Brake Control) on Fiat cars;
• ACS (Active City Stop) on Ford cars;
• FA (Forward Alert) on Ford cars;
• FCM (Forward Collision Mitigation) on Mitsubishi cars;
• CEB (City Emergency Brake) on Volkswagen cars (figure 8);
• CWAB (Collision Warning with Auto Brake) on Volvo cars;
• CS (City Safety) on Volvo cars (figure 9);
• PEBS (Predictive Emergency Braking System) from Bosch;
• AEW (Automatic Emergency Braking) of the TRW.

Figure 8. City Emergency Brake, CEB. Figure 9. City Safety, CS [5, 31]. 

Volvo City Safety is an autonomous emergency braking technology that allows you to 
avoid bumps at low speeds or reduce their consequences. At speeds of 3,6 to 30 km/h it uses 
a transducer, which operates at a distance of up to 10 m. If it determines the possibility of an 
accident, the system prepares the brakes. If the driver does not react, the car's brakes are 
applied. From a speed of 15 km/h the car is able to decelerate to a complete stop. At high 
speeds it is not possible to avoid buffering, but it will be less serious. In case, if the driver 
persists to avoid the accident, City Safety disconnects. 

The night vision system [5, 32] is intended to provide the driver with information on 
night traffic conditions. The system allows the recognition of all kinds of obstacles, traffic 
participants, pedestrians on an unlit road, as well as the subsequent trajectory of the road. 
The system helps to remove the load from the driver in low visibility conditions and thus 
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ensures an increase in traffic safety. Currently, the night vision system is installed as an option 
for premium class cars.  

The principle of operation of the system is based on fixing the infrared (thermal) 
radiation of objects with a special camera and projecting it on the screen as a gray scale 
image. 

There are two types of night vision systems: active and passive. Active systems use an 
additional car-mounted infrared light source. They are characterized by a high resolution 
image and an operating length of 150-250 m.  

Known active night viewing systems are: 
• Night View Assist from Mercedes-Benz (Figure 10);
• Night View from Toyota.

Passive night vision systems do not have their own source of infrared radiation. The
thermal chamber (thermal mirror) captures the infrared radiation of objects at a distance of 
up to 300 m. They have a high level of contrast and a low image resolution. 

Passive night vision systems are: 
• Night Vision Assistant from Audi (Figure 11);
• Night Vision from BMW;
• Night Vision from General Motors;
• Intelligent Night Vision System from Honda.

Figure 10. Night View Assist [33]. Figure 11. Night Vision Assistant [34]. 

The most technical and functional night vision system is the latest achievement of 
Mercedes-Benz – the Night View Assist Plus system. In addition to the standard driver 
information functions, the system warns pedestrians of a potential danger. The algorithm of 
the program is performed at a speed higher than 45 km/h and the location of pedestrians at 
a distance not exceeding 80 m. 

BMW went further in this direction, presenting an intelligent night-vision system for 
detecting pedestrians in the immediate dangerous vicinity of the road. The Dynamic Light Spot 
system with the help of heart rate sensors determines the presence of living beings at a 
distance of up to 100 m from the car. For BMW cars, the Dynamic Light Spot system is also 
installed in the Night Vision viewing system. 

Another car manufacturer that draws more attention to the health and life of 
pedestrians is Ford [5, 35]. The latest generation of Ford Focus benefits from sophisticated 
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safety systems designed to prevent or reduce the effects of a road accident on passengers 
and pedestrians. These systems include a technology especially appreciated by Euro NCAP: 
Pre-collision Assist with Pedestrian and Cyclist Detection. This system can detect pedestrians 
and cyclists on or near the road and could intersect the trajectory of the car's movement, 
applying the brakes automatically, if it detects a potential collision and the driver does not 
respond to warnings. Detection is now possible at night, with the help of headlights. 

The level of protection offered by the car to pedestrians, in case of a frontal impact 
with them, is 72%. The front parts of the car are soft and if a person is taken on the hood, he 
will not suffer serious injuries, unless he hits his head in the lower part of the uprights. 

Dynamic Light Spot [5, 36], which literally means a „spot lighting” dynamic lighting 
system. The name speaks for itself: automation detects the pedestrian and directs light 
towards him (Figure 12), thus indicating to the driver the potential danger. Moreover, the hint 
appears earlier, so that the object appears in the light of the passing headlights. As a result, 
the driver receives an advantage of a few seconds or tens of meters, which are often not 
enough to brake or bypass the pedestrian safely. 

Figure 12. Dynamic Light Spot. Figure 13. „Night Guide” lamp [5, 37]. 

„Night Guide – 3 in 1” lamp – multispectral lamp (Figure 13), which combines the 
properties of three types of lamps: „Vision Plus + 50%”, „Blue Vision” and „Weathervision”. The 
light from this lamp on the road is scattered in three areas: 

• in front – white light with 50% amplified brightness, which allows the illumination of
the roadway at a distance greater by 10–20 m, compared to a halogen lamp;

• on the left – yellow light, which does not blind drivers in the opposite direction;
• on the right – the area with blue daylight, which illuminates well, in particular, the

road signs and the sidewalk.

Conclusion. In the end we can conclude that no car manufacturer, no passive or active
safety system, no matter how sophisticated it can be, cannot replace man, and to avoid the 
number of such road accidents. Both drivers and pedestrians must comply with the RTR, meet 
the requirements of traffic behavior, crossing dangerous road areas so as not to endanger his 
life and health. 

Until recently, the driver of the car was fully to blame for road accidents involving 
pedestrians, thus exempting the pedestrian from legal consequences, which led to an 
aggressive behavior on the part of pedestrians compared to drivers when crossing the road 
in forbidden places, sometimes even a few, meters of pedestrian crossings, unlit, without a 
fluorescent vest or at least some light source, which would make them visible. A draft law is 
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currently being prepared in several countries for approval, which would provide that in such 
cases, pedestrians should bear both legal and material liability for the violation of the RTR 
resulting in the tamponade of pedestrians. The neighboring country of the Republic of Moldova 
this year has implemented such a project, if such a law will be reached in the Republic of 
Moldova it remains a question. 
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Abstract. The development of power engineering assumes the increasing flexibility of power 
networks through the use of various kinds of FACTS, controlled by means of power electronics 
and being elements of the Smart Grid. These kinds of devices can be attributed to controllers 
such as UPFS and „Sen” Transformer (ST), which provide regulation of voltage and power 
flows in networks. Due to the relevance of this topic, technical solutions are proposed that 
perform similar functions, which implies the need for a comparative analysis of such 
developments in order to optimize energy characteristics of the equipment. The scope of the 
paper is to develop and study a regulating transformer which belongs to the „Sen” family, but 
possessing the extended range and higher control accuracy. Carrying out research, mode 
parameters of the device were treated, as well as typical power was determined. 

Keywords: booster transformer, load, voltage control, active power, reactive power compensation, 
operation mode control. 

Rezumat. Dezvoltarea domeniului electroenergeticii presupune creșterea flexibilității 
rețelelor electrice prin aplicarea de diverse instalații FACTS, mijloace comandate ale 
electronicii de putere, fiind elemente ale Smart Grid. La dispozitivele de asemenea gen pot fi 
catalogate controlerele de tip UPFC și transformatorul „Sen”, care asigură reglarea tensiunii 
și a fluxurilor de putere în rețea. Reieșind din actualitatea acestei tematici au fost propuse 
soluții tehnice, care realizează funcții prin analogie, urmate de necesitatea analizei 
comparative a acestor elaborări, având ca scop optimizarea caracteristicilor energetice ale 
echipamentelor. Scopul lucrării constă în elaborarea și cercetarea transformatorului de reglaj, 
ce face parte din familia „Sen”, dar care dispune de un diapazon extins și o precizie sporită 
de reglaj. Pe parcursul cercetărilor au fost analizați parametrii de regim ai dispozitivului și 
determinată puterea-tip. 

Cuvinte cheie: transformator booster, sarcină, control tensiune, putere activă, compensare putere 
reactivă, control regim de funcționare. 
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Introduction 
The present stage of the electric power industry development is characterized by a 

significant increase of the volumes of generation of energy through the use of renewable 
energy sources, production of which is significantly subject to daily and seasonal oscillations. 
Such a circumstance might reflect upon the power quality indicators. Under these conditions 
the issue of transmission and distribution network’s controllability is becoming increasingly 
relevant. Technical means, destined to the finding of solutions to tasks (provided by FACTS 
technologies, Smart Grid) of this kind are largely associated with the use of two-stage energy 
conversion – rectification and inverting. 

One of modern devices providing regulation of voltage and power fluxes in networks 
is UPFC (Unified Power Flow Controller). The device represents itself as a combination of 
Static Synchronous Compensator (STATCOM) and Static Synchronous Series Compensator 
(SSSVC) [1–6]. By including the booster longitudinal voltage with regulated phase, the device 
UPFC is able in the real-time to regulate simultaneously or selectively: the voltage of power 
lines, impedance, angle or active and reactive power fluxes in the line, to provide 
independent transversal controllable compensation, active harmonic filtering, as well as 
other technical procedures to improve the quality of operation of power systems. The 
topologies of its realization can vary in quite extensive limits. In the case when the role is 
fulfilled through the use of a regulating transformer, its ends are connected / disconnected 
by means of electronic keys, which have gained a high performance level due to the fast 
development of the power electronics domain. Respectively, the area of their utilization 
extended on majority segments of the power system: power transmission and distribution, local 
systems of heavy industrial sector, arc furnaces and electric transport infrastructure [7-10]. 
To the advantages of this technology can be attributed: 

• deeper influence on the characteristics of the line mode compared to other means of
regulation;

• combination of the properties at once of three devices: static compensator of reactive
power, installation of longitudinal compensation and installation for phase rotation.

Disadvantages of UPFC are: 
• increasing of the power of regulation devices under the extension of the range;
• significant range of deviations of the output voltage depending on the values of

booster voltage and its angle, that can lead to the corona discharge effects of wires
and will require the strengthening of insulation;

• decline of the range of regulation of the active power under the increase of the line’s
length;

• high cost and, as consequence, increased installation and operating costs.
The same control effects can be achieved on the base of direct (one-stage energy

conversion), which allows to accomplish much more reliable and less expensive devices. One 
of such technologies is a booster transformer of various configurations and destinations, well 
known as ST. [11–19]. 

By assigning with the help of tap changer needed combination, ST can correct the 
voltage, controlling its magnitude and phase-angle shifting, i.e. perform the same functions 
like UPFC. ST disposes the ability to assure the control of crossflow of active and reactive 
power in most backbone and distribution networks [20–22]. 
To the advantages of ST can be assigned: 

• relative simplicity of design;
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• relative not high cost;
• performs the same functions as UPFC.

Disadvantages can be considered: 
• limited number of operation states;
• not high control accuracy in a given area due to the limited number of operation states;
• not high operation speed when using the regulation under load mode.

In the process of creating the so-called „intellectual” power grids (Smart Grid) and their
transition in the future to the more efficient systems on the highest level, now called 
Microgrids, certain requirements will be imposed on the power grids to ensure an optimal 
load factor and a high power factor.  

These functions can be realized by means of regulating transformers, controlled by 
power electronics, belonging to the family Sen. 

Common characteristic of the object of research 
This paper is dedicated to the development and research of a regulation transformer 

based on the principle of operation of the ST, but with an extended range and higher control 
accuracy. In the process of research, methods of mathematical, structural and simulation 
modeling were applied based on objects built in SPS-models in the Simulink/Matlab 
environment [23-28]. The principle circuit diagram of research object is shown in Figure 1. 
Basic elements of the device are two three-winding transformers, one of which performs a 
function of parallel (magnetizing), the second – functions of series (booster) elements. The 
index „p” marks the windings and the corresponding electrical units characterizing the mode 
of the magnetizing transformer, the index „q” marks the windings and electrical units of the 
booster transformer.  

Elements belonging to the parallel transformer are numbered by Figures 1-30, and 
elements belonging to the booster transformer are numbered by digits 31-39. 

List of designations of elements presented in Figure 1: 
А,В,С – nomination of phases of three-phase voltage system; 
А1,В1,С1 – electric inputs (input terminal) of the device; 
А2,В2,С2 – electric outputs (outputs terminals) of the device; 
1,2,3 – primary windings of high voltage phases А,В,С of the magnetizing transformer ( 1 pAW ,

1 pBW , 1 pCW ); 

4,5,6 – first regulation windings of fine regulations of phases А,В,С of the magnetizing 
transformer ( '

2 pAW , '
2 pBW , '

2 pCW ); 

7,8,9 – first regulation windings of rough regulation of phases А,В,С of the magnetizing 
transformer ( ''

2 pAW , ''
2 pBW , ''

2 pCW ); 

10,11,12 – second regulation windings of fine regulation of phases А,В,С of the magnetizing 
transformer ( '

3 pAW , '
3 pBW , '

3 pCW ); 

13,14,15 – second regulation windings of rough regulation of phases А,В,С of the 
magnetizing transformer ( ''

3 pAW , ''
3 pBW , ''

3 pCW ); 

16,17,18 – blocks of power electronic switches of the first regulation windings of fine 
regulation of phases А,В,С of the magnetizing transformer; 
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Figure 1. Principle circuit diagram of the device „wye with regulation in zigzag”. 

19,20,21 – blocks of power electronic switches of the first regulation windings of rough 
regulation of phases А,В,С of the magnetizing transformer; 
22,23,24 – blocks of power electronic switches of the second regulation windings of fine 
regulation of phases А,В,С of the magnetizing transformer;  
25,26,27 – blocks of power electronic switches of the second regulation windings of rough 
regulation of phases А,В,С of the magnetizing transformer; 
28,29,30 – cores of magnetic circuits of phases А,В,С of the magnetizing transformer; 
31,32,33 – high voltage windings of phases А,В,С of the booster transformer ( 1qAW , 1qBW , 1qCW ); 

34,35,36 – low voltage windings of phases А,В,С of the booster transformer ( 2qAW , 2qBW , 2qCW ); 

37,38,39 – cores of magnetic circuits of phases А,В,С of the booster transformer; 
К1 ÷ К9 – switchers of power electronics.  
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As follows from the circuit diagram (Figure 1), high voltage windings ( 1 pAW , 1 pBW , 1 pCW ) 

of the magnetizing transformer are supplied from the power network through electric inputs 
А1, В1 and С1. The ends of these windings are grounded. In turn, supply for booster 
transformer is provided to its low voltage windings ( 2qAW , 2qBW , 2qCW ) in the form of discretely 

regulated in magnitude and phase (by means of power electronics) voltages, which are 
generated by the system of regulation windings ( 2 pAW , 2 pBW , 2 pCW , 3 pAW , 3 pBW , 3 pCW ), located on 

the legs of the magnetic circuit of the magnetizing transformer. The voltages thus formed, 
being brought to the high-voltage side by transformation into windings ( 1qAW , 1qBW , 1qCW ), are 

algebraically summed up with the voltages of the corresponding phases of the supply system, 
thereby providing the necessary action of regulation. Thanks to the application of the sectioning 
of control windings, the area for regulating the output voltage of the device (Figure 2) consists 
of 225 points, which significantly improves the accuracy and quality of output voltage 
regulation. To each position of regulation modules corresponds a definite combination of 
power keys. The diagram of the sectioning of control windings 2 3,p pW W  and the control law 

are shown in Figure 3. 
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The mode’s parameters of the device 
The area of regulation of output voltage of the device can be divided conditionally in 

four sectors, for each of which vector diagrams and calculation expressions for the mode’s 
parameters are shown below in Figure 4 ÷ 7 and Equations (1 ÷ 20). 

The following designations are accepted on vector diagrams: 

0sU  – voltage at the device input; 
β  – angle of the vector of booster voltage; 
m Uα=  – magnitude of the booster voltage; 

0m  – magnitude of the longitudinal component of the booster voltage; 

sU  – voltage at the device output; 
α  – angle of the device output voltage. 
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Figure 4. Vector diagram of voltages of the operating device in the first sector. 
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Figure 5. Vector diagram of voltages of the operating device in the second sector. 
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Values 0m  for various regulation loops according to the Figure 2 are shown in Table 1. 

Table 1 
The value of longitudinal component of the booster voltage 

Loop Value, m0 
1-15-29-43-1 0.2587 

57-69-81-93-57 6/7·0.2587 
105-115-125-135-105 5/7·0.2587 
145-153-161-169-145 4/7·0.2587 
177-183-189-195-177 3/7·0.2587 
201-205-209-213-201 2/7·0.2587 
217-219-221-223-217 1/7·0.2587 

The resulting expressions make it possible to determine the control actions at all 
regulation points of the mode’s parameters of the device. 

Device modelling 
On the base of Figure 1, a structural simulation model of the device which allowed 

carrying out research on the object for various operation modes was created in the 
Simulink/Matlab environment. The device has been modelled in the form of a group of single-
phase transformers. 

The parameters of the elements of which transformer were determined taking into 
account nominal voltage U 230V=  and the power of device 2kVA≈ . Rated currents and 
voltages of the transformer elements of the device (Figure 1), Table 1 contains accepted for 
simulation model. 
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Table 1 
The currents and voltages of transformer elements 

Windings of the magnetizing transformer p 
Windings of the 

booster transformer q 
W1p W2p W3p W4p W5p W1q W2q 

U(V) 3.2 3.2 3.2 10.5 6 9.5 10.5 
I(A) 301.7 96.7 96.7 85.7 85.7 120 120 

On the base of data contained in Table 1 parameters of SPS-models of the booster and 
magnetizing elements were calculated and are shown in Table 2. 

Table 2 

Parameters SPS of transformer’s models 
Magnetizing transformer Booster transformer 

Normal power and frequency[Pn(VA) 
fn(Hz)]: 
[929 50] 
Winding nominal voltages [U1 U2...Un] 
(Vrms): [103.18 51.59] 
Winding resistences [R1 R2…Rn] (Ohm): 
[0.09 0.0233] 
Winding leakage inductances [L1 L2...Ln] 
(H): 
[0.37e-3 0.009152e-3] 
Magnetization resistance Rm (Ohm) 1146 
Magnetization inductance Lm (H) 1.83 
Saturation characteristic [i1(A), phi1(Vs); 
i2(A), phi2;] 
[0 0;0.59 0.51;14.75 0.57;29.5 0.59;59.1 0.6; 
177.03 0.62] 

Normal power and frequency[Pn(VA) fn(Hz)]: 
[920 50] 
Winding nominal voltages [U1 U2...Un] 
(Vrms): [230 4.255 21.275 4.255 4.255 
21.275] 
Winding resistences [R1 R2…Rn] (Ohm): 
[0.432 0.0019 0.0019 0.0096 0.0019 0.0019 
0.0096] 
Winding leakage inductances [L1 L2...Ln] 
(H): 
[1.828e-3 0.00063e-3 0.00063e-3 0.0156e-3 
0.00063e-3 0.00063e-3 0.0156e-3] 
Magnetization resistance Rm (Ohm) 5750 
Magnetization inductance Lm (H) 9.16 
Saturation characteristic [i1(A), phi1(Vs); 
i2(A), phi2;] 
[0 0;0.26 1.14;6.59 1.28;13.17 1.31;26.35 
1.35;79.05 1.38] 

The modeling’s results 
The models of the device were tested for both under idle and load modes. When 

constructing all graphs, the value of the angle of rotation of the booster voltage β  as an 
argument was used. The curves on the graphs correspond to the contours (Figure 2) and are 
consistent with the numbers of positions of regulation. In Figure 8 dependencies of losses of 
active power under idling and loaded modes were shown respectively. In the frame of the 
research related to the above mentioned device the load was modelled as an active resistance

19 2LR , Ohm= , which assures the nominal loading of the regulation transformer.
These dependences have a similar complex qualitative structure, differing only in 

quantitative characteristics.  
Thus, active power losses at the idle mode reach 1% during the process of regulation, 

while load mode losses reach 2,5%. The maximum values of the above listed operating 
parameters are taken at the angles of the boost voltage 90β =   and 270β =  . The minimum 
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values can be reached at 30 150 210 330, , ,β =     . It should be noted that the shapes of the 
curves in the load mode change slightly, correlating with characteristics built for the same 
parameters in the idle mode. 
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Figure 8. Active power losses. 

For a more visual perception, the change in the values of active and reactive losses 
during regulation in the idle and load modes are shown as profiles in Figure 9 in a three-
dimensional format. On the surfaces, for better orientation, the location of the characteristic 
points of the external control loop is applied. 
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Figure 9. Active and reactive power losses in a three-dimensional format. 

Figure 10 shows the characteristics of the change in the impedance of the device 
during regulation in the form of graphs and a surface. The resistance takes on minimum 
values at the boost voltage angles, respectively 90β =   и 270β =  . The maximum values 

can be reached at 30 150 210 330, , ,β =     . The range of impedance change during regulation 
is 46%≈ . 

The characteristics of the change in voltage at the output of the device are shown in 
Figure 11 as an example for three typical loops of regulation. 
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The solid lines refer to the idle mode, and the dotted lines refer to the load mode. 
Analysing the given graphs and the surfaces corresponding to them it can be concluded that 
the characteristics are close in the considered modes. This confirms the fact that the device 
holds the mode perfectly. In the course of work, the values of the output voltage were 
calculated based on mathematical formulas (Figures 4-7), which fully correspond to those 
obtained in the SPS simulation in the idle mode. 
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Figure 11. Voltage on the device output. 

Based on the results of the experiments, the typical powers of the circuit’s elements 
version of the regulating transformer in zigzag were calculated and are shown in Table 3. 

Table 3 
The power of the device elements 

Winding designation Power, W/(p.u) 
W1q 939.8 
W2q 935.4 
W1p 874.9 
W2p 540.2 
W3p 542.4 

In all: 1916.4/0.581 
Power of regulation: 541.3/1.16 

The data in Table 1 can be used further for the comparative analysis of power 
characteristics of booster transformers, developed in the prospective future. 
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Conclusion 
Based on the results of the research, the following conclusions can be drawn: 

1. The principle diagram of the device, in force to provide the same control actions in the
form of booster regulation voltage like FACTS controllers of UPFC and ST types, but on
the basis of a simpler and more affordable base of practical accomplishment has been
proposed.

2. The techniques of sectioning the regulation windings, as well as laws for its controlling
were developed. Control strategy has been formulated and formalized.

3. It is shown that the proposed technical solution provides more opportunities for
voltage regulation by phase (relative to UPFC and ST) with the same standards for the
allowable limits of its change in module.

4. Vector diagrams are constructed and expressions are obtained that characterize the
operating parameters of the device under study.

5. Compliance of the steps with the given positions of the switches during the regulation
process was checked.

7. The typical power of the booster transformed with regulation in the zigzag has been
calculated.

Acknowledgement: These results were obtained in the frame of State Program project
no. 20.80009.7007.18: Eco-friendly technical solutions for efficient energy consumption in 
buildings and development of smart grid options with advanced renewable energy integration in 
Moldova. 
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Abstract. The paper deals with elaboration of hexaphase symmetrical components filters and 
their modeling to create microprocessor-assisted relay protection of self-compensating 
power lines. The theory is presented and the basic principial electrical schemes and 
mathematical models in the Matlab/Simulink of the filters of the hexaphase symmetric 
components are elaborated. The results of their simulation and testing at the computer are 
presented. The obtained results demonstrate the possibility of creating in the base on the 
elaborated filters of hexaphase symmetrical components the modern, efficient and high-
sensitivity microprocessor-assisted relay protection of self-compensating power lines. What 
reacted not to phase electrical values, but symmetrical components of them. 

Keywords: modeling of current filter, power transmission line, relay protection, transfer capacity 
of the line. 

Rezumat. Lucrarea este dedicată elaborării filtrelor cu componente simetrice hexafazate și 
modelarea acestora pentru crearea protecției prin relee asistată de microprocesor a liniilor 
electrice cu autocompensare. Este prezentată teoria și sunt elaborate schemele electrice 
principiale și modelele matematice în Matlab/Simulink a filtrelor cu componente simetrice 
hexafazate. Sunt prezentate rezultatele simulării și testării lor la calculator. Rezultatele 
obținute demonstrează posibilitatea creării în baza filtrelor cu componente simetrice 
hexafazate a unei protecții eficiente, bazată pe microprocesor de înaltă sensibilitate, care 
reacționează la diferite deteriorări ale liniilor electrice cu autocompensare nu la mărimi 
electrice de fază, ci la componentele simetrice. 

Cuvinte cheie: modelare filtru de curent, linie electrică de transport, protecție prin relee, 
capacitatea de transport a liniei. 

Introduction 
From the viewpoint of maximum saving the consumers’ electric power supply, fault 

tolerance of the self-compensating power lines (SCL) [1], increasing the efficiency and 
sensitivity of a relay protection [2] and selective switching off of a certain faulted phase or 
several phase circuits, depending on the short-circuit type or a phase break [3], it is necessary 
to create a relay protection (RP) [4, 5] responsive to the appearance of certain six-phase 
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symmetrical components [6]. Considering the SCL as a six-phase line, the creation of the relay 
protection responsive to the six-phase symmetrical components simplifies the identification 
of the short-circuit and phase break types, as well as the protection detuning and enhances 
its sensitivity, since the occurrence of certain six-phase symmetrical components comply with 
some sorts of faults. 

For the development of the RP and the SCL automatics responsive to the occurrence 
of various six-phase symmetrical components in fault conditions (of short-circuits and phase 
breaks), the filters of the symmetrical components [7] of the six-phase expansion [8, 9] are 
necessary. 

For the modern numerical and microprocessor protections the most expedient is 
mathematic ‘emphasizing’ of the data on symmetrical components at various nonsymmetrical 
short-circuits, including complex types of failures, for which the combined filter of six-phase 
symmetrical components of currents and voltages 0, 1, 2, 3, 4, 5 of consequences at computer 
using complexes Matlab-Simulink environment has been modeled [10]. 

1. Theoretical bases for the development of the filters of six-phase symmetrical
components
The phase currents, which are supplied to the current filter ' ' ', , , , ,A C B A C BI I I I I I       of the

SCL six-phase system, whose phase A symmetrical components will be designated, using

0 1 2 3 4 5, , , , ,I I I I I I      . The elements, which the filter consists of, are the linear function of Hence, 
the current at the filter output is 

' ' ' ' ' 'p A A C C B B A A C C B BI n I n I n I n I n I n I= ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅      

     

(1) 

where the coefficients ' ' ', , , , ,A C B A C Bn n n n n n       are complex or real values, which characterize 
the magnitude and phase changes of the currents, supplied to the filter. 

The substitution of full currents for their symmetrical components can be described 
using the following formula: 

0 0 1 1 2 2 3 3 4 4 5 5pI k I k I k I k I k I k I= + + + + +     
       (2) 

where the coefficients of the filter are presented as complex or real values in accordance 
with the matrix of transition from the phase coordinates to the symmetrical components in 
the matrix form: 
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(3) 

Using the inverse transformation of matrix Eq. (3), we can obtain the expression for 
coefficients n via coefficients k: 
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(4) 

Based on Eq (3). and Eq. (4), Table 1 was built up of arguments of complex coefficients 
of ' ' ' ' ' ' ', , , , , , , , ,A C B A C B AB BC A B B Cn n n n n n n n n n           depending on the argument of complex coefficient 
of filter k. 

Table 1 
Complex coefficients' arguments 

k An 'Cn Bn 'An Cn 'Bn ABn BCn ' 'A Bn ' 'B Cn
0° 0° 120° -120° 0° 120° -120° 0° -60° 0° -60°

30° 30° 150° -90° 30° 150° -90° 30° -30° 30° -30°
60° 60° 180° -60° 60° 180° -60° 60° 0° 60° 0° 
90° 90° -150° -30° 90° -150° -30° 90° 30° 90° 30° 
120° 120° -120° 0° 120° -120° 0° 120° 60° 120° 60° 

For realization the filters of symmetrical components, according to Table 1, it is 
necessary to sum up the currents or voltages, which are in definite ratios with the electric 
values supplied to the filter. The phase shift in currents or voltages can be performed using 
different methods by a relevant choice of the circuits’ elements of the filter: active, inductive, 
capacitive, mixed type and those inductively connected. 

The potential diagrams of the six-phase filter are obtained (Figure 1). Upon feeding to 
the filter the 5-th sequence of voltages (currents), the 1-st sequence voltage (current) equals 
to 0 at the filter output.  
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Figure 1. Potential diagrams of six-phase filter of voltages: a) for the supplied voltage 

of direct sequence; b) for the supplied voltage of the 5-th sequence.
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Relatively, potentials of points x, y, z and x’, y’, z’ coincide. On the potential diagram 
(Figure 1a), points x, y, z, x’, y’, z’ are in the center of the potential polyhedron A, С’, B, A’, C, 
B’. Whereas upon the supply of the 5-th sequence voltage to the filter, points B` and C`, B and 
C of the hexagon change their places, and side АА’ occupies the position of АС’ side, and together 
with the latter, triangle АА’x potential shifts. If we treat similarly the remaining sides of the 
hexagon, the potential diagram will look like as in Figure 1. 

Six-phase filters, which were created according to the above principle, can serve as a 
source of symmetrical voltages (currents) at any kind of nonsymmetrical SCL short-circuits, 
provided that the load resistances are symmetrical and exceed significantly the internal 
resistance of the filter itself. 

2. Modeling the combined filter of six-phase symmetrical components of currents
(voltages) in the Mutlab-Simulink environment
For realization the above filters using computer and Matlab-Simulink environment,

the equations’ solution was performed, which described the obtaining of phase currents 
(voltages) via the symmetrical components and vice versa, by means of the use of the library 
SimPowerSystem of the Matlab-Simulink package. Figure 2 shows the simulation model of 
filter of six symmetrical components, which was realized in the Matlab-Simulink package. 

To realize the filter model methods in the library Math Operation the following blocks 
with their functional capabilities were used: 

- block Constant – forms the constant value: a system operator of 120ja e=
  and 60ja e−− =

 ;
- block Math – performs mathematical functions: raises to the square operator a  and  a− ;
- block Product – derives the result of multiplication of two input data, according to

the matrix expression: 
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(5) 

- block Sum – summarizes the phase components at the inputs;
- block Gain – multiplies the input signal by the constant value.
Subsystems 1, 2, 3, 4 and 5 are responsible for the processing of the measuring

information terms of the matrix Eq. (5). Subsystems, which realize emphasizing the relevant 
sequences, are presented in Figure 3. 

The modules, which are presented in Matlab/Simulink (Figure 3), based on the preset 
values ' ' ', , , , ,А A B B C CF F F F F F      , allow emphasizing symmetrical components 0 1 2 3 4 5, , , , ,F F F F F F       of 
sequences in accordance with Eq. (5). The Matlab-model of the filter can be used to obtain 
the SCL symmetrical components, which can further be used by certain organs of the 
microprocessor relay protection as the input data at various short-circuits and 
nonsymmetrical modes. 
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Figure 2. Simulation model of filter of six symmetrical components 
realized in Matlab-Simulink environment. 

3. Results of modelling
For testing the developed model (Figure 2), the complex model was composed of the

six-phase transmission line (SCL) with a two-way feed and a filter with six-symmetrical 
components of currents (voltages). Figure 4 is a short-circuit of phase A. 
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c) d) 

e) 
Figure 3. Subsystems of components: a) subsystem of the 1-st sequence; b) subsystem of 

the 2-nd sequence; c) subsystem of the 3-rd sequence; d) subsystem of the 4-th sequence; 
e) subsystem of the 5-th sequence.

Figure 4. Model for testing the filter of symmetrical components at phase A short-circuit. 
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Figures 5, 6 show oscillograms of phase and current symmetrical components at phase 
A short-circuit. The initial time interval of oscillograms (up to 0.3 s) corresponds to a normal 
mode; finite interval is the occurrence of emergency condition. 

Figure 5. Oscillograms of phase currents at phase A short-circuit. 

Figure 6. Oscillograms of current symmetrical components at phase A short-circuit.

At a normal mode of current 0, 1, 2, 3, 4 and 5, the sequences at the current filter 
output equal to zero (Figure 6, time interval from 0 to 0.3 s). Upon phase A short-circuit at a 
time moment of 0.3 s, current 0, 1, 2, 3, 4, 5 of sequences appears at the filter output. 

4. Conclusions
Based on the study results, the following conclusions can be drawn:

1. The theoretical bases and generalized method for creation filters of six symmetrical
components for the six-phase transmission line of type SCL are considered.
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2. This method makes it possible to calculate the electric values of not only simple, but
of complex kinds of faults as well in order to create the efficient relay protection of
the required sensitivity, which responses not to the phase values, but to their
symmetrical components.

3. The mathematic model is obtained through the program realization of six symmetrical
components filters, using the computer and Matlab-Simulink environment, which can
be used for creation of the SCL microprocessor relay protection.

4. The results of this work can be used to perform theoretic and experimental studies as
well as for the development of the relay protection devices on SCL and ordinary
double-circuit transmission lines.
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Abstract. The main global concern in the energy sector is the substitution of fossil fuels and 
the mitigation of climate change - the transition to the carbon neutrality of the economy. For 
the power sector, the main solution for this transition is to use hydro, wind and solar energy 
sources, which have a high energy potential, including in the Republic of Moldova. Variable 
renewable energy sources, wind and solar, due to their intermittent nature have a significant 
impact on the power system and the quality of electricity. The necessary measures to reduce 
the impact of the variability of these sources are presented. The most appropriate measure 
would be to use pumped storage hydropower plants. The water losses from their 
accumulation lakes were appreciated. That constitutes approx. 1 ... 2 m3/MWh which is 
considerably lower than the losses from the Thermal Power Plants with steam turbines. 

Keywords: variable renewable energy sources, energy storage, water losses. 

Rezumat. Principala preocupare la nivel mondial în sectorul energetic este substituirea 
combustibililor fosili și atenuarea fenomenului schimbărilor climatice – tranziția către 
neutralitate de carbon a economiei. Pentru sectorul electroenergetic principala soluție pentru 
această tranziție constă în utilizarea surselor hidro, eoliene și solare de energie, care au un 
potențial energetic înalt, inclusiv în Republica Moldova. Sursele regenerabile variabile de 
energie, eoliene și solare, din cauza caracterului intermitent au impactul semnificativ asupra 
sistemului electroenergetic și calității energiei electrice. Sunt prezentate măsurile necesare 
pentru diminuarea impactului variabilității acestor surse. Măsura mai potrivită ar fi folosirea 
Centralelor Hidroelectrice cu Acumulare prin Pompare. S-au apreciat pierderile de apă din 
lacurile de acumulare ale acestora. Ele constituie cca. 1...2 m3/MWh ceea ce este considerabil 
inferior pierderilor din Centralele Termoelectrice cu turbine cu abur. 

Cuvinte cheie: sursele regenerabile variabile de energie, acumularea energiei, pierderi de apă. 

Introduction 
In recent years, Renewable Energy Sources (RESs) are occupying a growing important 

place in the global electricity mix, reaching a share of 29% by 2020 [1]. In the future, the 
volume of renewable energy generation will have a continuously growing trend. In the recent 
period, the investments in renewable energy systems had a share of around 70% of total 

https://doi.org/10.52326/jes.utm.2022.29(2).05
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energy investments. The installed capacity of the renewable energy systems increased by 
more than 256 gigawatts (GW) during the pandemic, the largest increase ever [1, 2]. The 
COVID-19 pandemic has had a significant impact on the power sector, with total production 
declining by 4%, while its production from renewable sources, which is less affected by 
restrictions and largely unaffected by demand, has increased worldwide in 2020, compared 
to 2019, by 6.3% [3]. Over the next decade, the commitments announced by governments 
will lead to an expansion of renewable sources, that is fast enough to keep pace with rising 
electricity demand and reduce the share of fossil fuels to meet electricity needs. It is 
estimated that the share of renewable energy sources will increase from almost 30% of global 
electricity generation in 2020 to about 45% in 2030 according to the Announced Pledges 
Scenario (APS) and could exceed 60% in the Net Zero Emissions Scenario (NZE) [4]. 

Recently, RESs have also increased in the Power sector of the Republic of Moldova: 
from 17.2 million kWh in 2015, production has increased to 81.4 million kWh in 2020, but 
their share in the total volume of energy is quite small - 9.6% of domestic product and less 
than 2% of electricity consumption per republic [5]. 

Depending on the primary source, electricity generated by RESs has different 
particulars. Although, if hydraulic, geothermal, biomass energy can be used at the necessary 
time and in the required quantity, so-called variable energy generated by variable renewable 
energy sources (VREs), as solar and wind, being intermittent and sometimes unpredictable 
over time, can have a negative impact on the operation of power systems. At the same time, 
these sources have a number of advantages. They are more environmentally friendly 
compared to other RESs, require less operating and maintenance costs, and as result, the cost 
of generated energy is lower, and has a continuous downward trend, while for other types of 
RES these costs increase. 

The specific investments for power plants using RESs and the Levelized Cost of Energy 
are presented in Table 1 [6]. It is noted that the specific investments for geothermal and 
hydraulic energy increased significantly during the last 10 years. At the same time, the 
specific investments for solar PV and wind systems decreased considerably. The price of solar 
PV electricity is slightly higher than that of hydraulic electricity, but, given the nature of their 
change, the reversal of this ratio is expected. It should be noted that these prices are in a 
favorable ratio with those of fossil fuel energy which are in the range of 0.05 - 0.15 USD / 
kWh [1, 6]. 

Table 1 

Total cost of investment in RES and levelized cost of energy produced for 2010 and 2020* 

Type of renewable 
energy source 

Total installed costs Levelized cost of electricity 

2020 USD/kW Percent 
change 

2020 USD/kWh Percent 
change 2010 2020 2010 2020 

Bioenergy 2619 2543 -3 0,076 0,076 0 
Geothermal 2620 4468 71 0,049 0,071 45 
Hydropower 1269 1870 47 0,038 0,044 18 
Solar PV 4731 883 -81 0,381 0,057 -85
Wind (onshore**) 1971 1355 -31 0,089 0,039 -56

*After [6]; ** wind offshore and ocean systems being unavailable for the Republic of Moldova, as well
concentrated solar energy requiring large installation areas are not considered.
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Being the cheapest and most competitive, VRESs - solar PV and wind, far exceed the 
other sources in their growth and, according to [4], will ensure about 75% of the increasing 
electricity demand by 2030 in the Stated Policies Scenario (STEPS) and 90% in APS. This 
means that the share of solar PV and wind energy in electricity balance for 2030 will increase 
from below 10% in 2020 to 23% in STEPS and 27% in APS. The energy generated by 
hydropower, bioenergy, geothermal and concentrated solar systems is expected to grow 
much lower by 2030 in all scenarios, as they have longer project deadlines and require 
favorable site conditions and resources. 

Problems of variable renewable energy sources and solutions 
Intermittency, variability, and unpredictability of solar and wind energy are serious 

challenges for the power system's operation and control, affecting its stability, reliability, 
flexibility, and resilience. They also cause a reduction of the load factor of the respective 
systems, which leads to the increase of the payback period for power plants using VRESs. For 
the European area, the capacity factor for wind systems is 17 ... 22%, and for PV systems 5 ... 
11% [7], while for conventional power plants using fossil or renewable fuels it is 60 ... 80 %. 
The values of capacity factors in the conditions of the Republic of Moldova are: for PV systems 
- 8 ... 9%, for wind systems - 9 ... 13% [5].

According to the mentioned above, it can be concluded that the massive use of solar 
PV and wind systems requires alternative energy sources or other measures, such as 
interconnection with other power systems, hybrid generators, synergy generation - 
consumption, energy storage. 

Alternative sources at the present stage are mainly represented by conventional power 
plants using fuels. The NZE scenario envisages replacing them with power plants using 
invariable renewable sources (hydro, bio, geothermal) and nuclear power. Connections to 
other systems allow to take advantage of different climatic conditions in different 
geographical regions and alternative sources from neighboring power systems. 

Figure 1. Operation dynamics of a hybrid PV-wind installation in climatic conditions 
in the central part of Republic of Moldova [8]. 

The PV-wind hybrid systems present a promising solution due wind and solar energy 
are complementary to each other, which makes this type of system generate electricity 
throughout the year, and in some cases, they also provide the diurnal load curve. For the 
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climatic conditions in the center of the Republic of Moldova, this is demonstrated by the 
graph in Figure 1 which shows the dynamics of operation of a hybrid installation [8] The 
monthly production is at the level of 0.8 kWh / (m2 day) and varies in the limits of -26.1% (in 
January-December) and +27.2% (in March). 

Some cases of system imbalance can also be avoided by synergy between generating 
and consumption, or the concordance of energy production with the consumers electricity 
load. For example, agrovoltaic systems can be used for irrigation pumping stations. Approx. 
40% of the energy can be produced by PV systems installed on 15% of their roof surface [9]. 
Another example is residential buildings. The energy produced by the PV systems installed 
on the roof in summer can be used for air conditioning, and in winter - for heat pumps. In 
addition, the pandemic, which introduced and developed online work and home learning, led 
to an increase in household energy consumption during the day, which coincided with the 
peak of electricity generation by PV systems [10]. Working from home has proven to be 
convenient for both employees and employers and is expected to remain so after the 
pandemic crisis is resolved. The most common method of solving the problems created by 
the variability of Renewable Energy Sources is the storage of electricity. 

Energy storage 
Energy Storage Systems (ESS) can provide safe and cost-effective answers to the 

problems facing power grids today - in the SMART GRID development phase that they are 
going through [11, 12 ]: 

• starting the equipment after the fault, ensuring without resorting to the network for
the necessary energy (cases of black-out/start or brown-out/start);

• energy storage during periods of low load and low prices and supplying consumers
with energy during peak periods and higher cost;

• ensures due to the associated power electronics, the control and the fast variation of
the active and reactive power, maintaining the optimal parameters of the network;

• reducing the need to provide conventional units, the ESS providing the function of
"spinning reserve";

• fast provision through stored energy, at additional demand requested by the
consumer;

• facilitating the integration of VRES, by storing energy when time allows and
returning it when it needs to be delivered;

• storage of excess energy in case of favorable weather conditions, in conditions
where there are no demands and efficiency of wind farms, photovoltaic.
Since there is no possibility to directly store electricity, a wide range of storage

methods are used by converting it into other forms of energy. Possible solutions for storage 
systems include: 

1. Mechanical storage:
a. pumped hydro,
b. compressed air,
c. flywheels;

2. Electrochemical storage:
a. batteries with internal storage (eg Pb-acid, NiCd, Li-ion),
b. externally stored batteries,

3. Electrical storage
a. superconducting magnetic energy storage,
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b. supercapacitors (different technologies).
4. Thermal storage

a. cryogenic storage systems, liquid air energy storage (LAES)
b. molten salts.

5. Chemical storage:
a. hydrogen;
b. ammonia

and other. 
The choice of the appropriate system can be made on the basis of several factors, such 

as required storage capacity, minimum storage period, loading and unloading conditions, 
available space and environment, type of compensated fluctuations, required energy density, 
lifespan required, the minimum number of cycles and the properties of the energy system. 

Overall, the global operational energy storage capacity reached 191.1 GW in 2020, 
reflecting 3.4% growth year on year. The largest market was China (18.6% of the global total), 
which reached 35.6 GW by year’s end, up 4.9% from 2019. The United States added 1.5 GW 
due to a record fourth quarter in the deployment of front-of-the-meter storage, to reach an 
estimated 23.2 GW by year’s end. The European market grew 54%, adding 1.7 gigawatt-hours 
of storage capacity for a cumulative capacity of 5.4 GWh. In addition, 4 GW was either 
announced or under construction across the region. The structure of the installed power 
according to the technology is shown in Figure 2. Pump storage continued to present the 
largest part of the installed capacity, over 90%. 

Figure 2. The installed capacity structure of global electricity storage units at 
the end of 2020 [1]. 

Pumping storage: use possibilities in the Republic of Moldova 
According to [13 and 14], pumping storage is the only commercially proven technology 

available for the large-scale storage of energy in a power system, from which the Republic of 
Moldova could benefit fully. On the other hand, in the media of the republic, there is a concern 
that the accumulation lakes of the Pumped Storage Hydro Power Plants (PSHPP) can 
significantly affect the hydrological balance of the republic [15, 16, 17]. 

In order to assess the degree of influence of PSHPP on the hydrological regime, the 
calculations of water losses from the accumulation lake of a 50 MW Power Plant were 
performed. The characteristics of PSHPP are presented in Table 2. Load adjustment shall be 
provided for one day with a turbine operating time of 8 hours. 
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Table 2 
The analyzed PSHPP characteristics 

Power plant capacity, MW 50 
Pumping efficiency 0,7 
Generation efficiency 0,8 
Day time load adjustment type Day time 
Operating time, h/day 8 
Energy generation, MWh/day 400 
Net fall height, m 100 
Turbine water flow, m3/s 63,71 

The sizing of the storage lake is carried out, considering the useful volume equal to 
the amount of water required for the operation of PSHPP at nominal power during the daily 
operation. The calculation scheme of the lake is shown in Figure 3. The characteristics of the 
lake are presented in Table 3. Water losses in the lake consist mainly of evaporation losses E 
from the water surface and filtration F through the water-covered part of the lake cuvette. 
They are partially offset by atmospheric deposits D that occur during the year on the surface 
of the soil occupied by the lake basin. 

Figure 3. PSHPP reservoir calculation scheme: 

Vl – live storage volume, Vd – dead storage volume, Sp - precipitation surface, 
Se - evaporation surface, Sf - infiltration surface, hg- depth of the 

brut gross volume, ha- average depth, hd- depth of the dead volume. 

Table 3 
Characteristics of the CHEAP accumulation lake 

Volume of water consumed, Mm3/ day 1,83 

Volume of water consumed, Mm3/ year 669,72 
Quotation useful tank 0,85 

Gross volume of tank, Mm3 2,45 
Talus angle, degrees 45,00 

Maximum depth of tank, m 20,00 
Medium depth of tank, m 16,6 
Surface of deposits, m2 122 224 

Vaporization surface, m2 115 671 
Filter surface, m2 123 610 

Thus, the losses P will be determined by the formula [18, 19]: 

P = E + F – D, m3/year (1) 
In turn: 



60 Integration of variable energy sources in energy systems 

Journal of Engineering Science June, 2022, Vol. XXIX (2)

E =S𝑒𝑒 ∙e; (2) 

F =S𝑓𝑓∙f; (3) 

D =𝑆𝑆𝑝𝑝∙p. (4) 

In these formulas: 
S𝒆𝒆 is the evaporation surface; 
S𝒇𝒇 - the filtering surface, equal to the water-covered surface of the lake cuvette; 
𝑺𝑺𝒑𝒑 - the cross-sectional area of the upper part of the cuvette; 
e - Evaporation layer from the surface of the water, according to [18], for the corresponding 

area of RM e = 0.8 ... 1.0 m / year, consider e = 0.9 m / year; 
f - water filtration layer in the soil, according to [19], f = 0.4 ... 1.0 m / year, consider f = 0.8 m 

/ year; 
𝒑𝒑 - precipitation in the territory of RM, according to [20], p = 0.49 ... 0.62 m / year, consider 

 p = 0.53 m / year; 
The values of the surfaces are given in Table 3. The calculations were performed for 

two types of CHEAP: open cycle and closed cycle. Open-cycle CHEAPs are built on the banks 
of large rivers, from which water is pumped into the upstream reservoir. The closed cycle 
CHEAP is equipped with two lakes, upstream and downstream, one of which is supplied with 
additional water from a smaller source. 

The results of the calculations are presented in Table 4. 
Table 4 

Water loss values in CHEAP reservoirs 

Characteristic 
Value 

Open cycle Closed cycle 

Cycle losses 
m3/day 379 757 
% from the cycle 0,021 0,041 

Annual losses 
m3/year 138 213 276 427 
% from the lake 
volume 

11,1 11,1 

Specific losses m3/MWh 0,96 1,92 

As can be seen from the table, the current losses are insignificant - hundredths of 
percentages, but the annual ones related to the volume of accumulated water are significant 
- over 11%. The specific losses, per production unit, are 0.96 m3 / MWh and 1.92 m3 / MWh,
respectively. It should be mentioned that they are 2 ... 3 times smaller than the water losses
from the cooling towers of the Thermoelectric Power Plants with steam turbines which is
2.7… 4.2 m3 / MWh [21].

Conclusions 
Power plants using variable Renewable Energy Sources, in the future, will occupy a 

predominant place in the production of electricity in the Republic of Moldova. Their 
intermittency, variability, and unpredictability will affect the stability, reliability, flexibility, 
and resilience of the National Power System of the Republic of Moldova. To counteract this 
damage, it is necessary to apply a number of main measures, including the storage of 
electricity. For this, the Republic of Moldova could fully benefit from the technology of 
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accumulating electricity by pumping. Water losses, in this case, would be much lower than in 
conventional electricity generation technologies such as steam turbines from combined heat 
power plants. 

Acknowledgment: This paper was written as study including in the project ”Eco-
Innovative Technical Solutions for Energy Efficiency in Buildings and Developing Smart Grid 
Development Options with Advanced Renewable Energy Integration in R.M. (SYNERGY)”. 
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Abstract. This paper reports on the theoretical end experimental investigation of the output 
characteristics of a multisection master-oscillator power-amplifier (MOPA). It consists of a 
master oscillator (MO) composed by a gain section surrounded by two DBR sections 
monolithically integrated with a power amplifier (PA). We use a traveling wave equation 
model to calculate the optical output power in dependence on the current injected into the 
PA. The experimental results can be well explained with our theoretical analysis. For a finite 
front facet reflectivity of the PA the system is acting as a compound cavity. 

Keywords: distributed Bragg reflector laser, DBR, master oscillator power amplifier, MOPA, 
feedback. 

Rezumat. Articolul prezintă rezultatele finale ale investigației teoretice și experimentale a 
caracteristicilor de ieșire ale unui amplificator de putere master-oscilator multisecțional 
(MOPA). Amplificatorul este format dintr-un oscilator master (MO) compus dintr-o secțiune 
de câștig înconjurată de două secțiuni DBR integrate monolitic cu un amplificator de putere 
(PA). Este aplicat un model de ecuație a undelor de călătorie pentru a calcula puterea optică 
de ieșire în funcție de curentul injectat în PA. Rezultatele experimentale pot fi bine explicate 
prin analiza teoretică. Pentru o reflectivitate finită a fațetei frontale a PA, sistemul acționează 
ca o cavitate compusă. 

Cuvinte cheie: laser reflector Bragg distribuit, DBR, amplificator de putere master oscilator, MOPA, 
feedback. 

Introduction 
Over the last years, master oscillator power amplifiers have been requested by several 

applications such as LIDAR, free space optical communications, and spectroscopy. These 
applications need spatially diffraction limited and spectral narrow-band emission at several 
hundreds of milliwatts or even watts output power [1-4]. A monolithically integrated master 
oscillator power amplifier at 1.5 μm is presented in [2]. The three-section device includes a 
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distributed feedback (DFB) laser, a modulation section, and a high power tapered amplifier. 
In order to mitigate the coupling effects of the light reflected at the facets, the device has 
been designed with a bent cavity axis and a tilted waveguide at the front facet. Such devices 
emit more than 400 mW output power. The dynamical behavior of a 1.5-µm DFB tapered 
MOPA was reported in [3]. Three different emission regimes such as stable amplified DFB 
laser emission with wavelength jumps when sweeping the injection currents, multimode 
Fabry–Perot (FP) operation of the complete MOPA cavity, and self-pulsing operation at 
frequencies between 5 and 8 GHz were observed. In Ref. [4] the physical origins of these 
phenomena were investigated in the framework of a time-dependent travelling wave (TW) 
model which phenomenologically incorporates thermal effects via self and cross-heating of 
the different sections of the device similarly as proposed in [5] for the first time. 

This paper is concerned with numerical and experimental investigations of a 
multisection monolithically integrated distributed Bragg reflector (DBR) MOPA emitting at 
1120 nm using a TW model [5-8]. We report the output characteristics of such device varying 
the front facet reflectivity. In Section 2 we introduce the device under study and the 
theoretical model. Section 3 presents experimental and numerical results. Finally, 
conclusions are given in Section 4.  

Laser structure and equations 
A schematic representation of the multisection DBR MOPA device is shown in Figure 1. 

The MO consists of three sections. The gain section G having a length of 0.5 mm is 
complimented by 1 mm and 0.5 mm long DBR sections on left- and right-hand sides, 
respectively. The MO is connected to the 4 mm power amplifier PA. The reflectivity R at the 
front facet for the PA is varied from 0 to 10-1. The entire length of the device is 6 mm, and 
the emission wavelength is 1120 nm. The width of the ridge providing lateral fundamental 
mode operation is 4 µm. Electrical currents are injected into the gain section (IMO) and the 
power amplifier (IPA). The investigated structure is like to the one reported in [9]. The layer 
structure was grown by metalorganic vapor phase epitaxy. The active layer is formed by an 
InGaAs double quantum well which is embedded asymmetrically into a 4.8 µm thick vertical 
waveguide core [10, 11]. 

Figure 1. Setup of multisection DBR MOPA. The current injected into the MO is fixed. The 
current injected into the PA and the front facet reflectivity of the PA are varied.

The laser dynamics is analyzed using traveling wave equations for the slowly varying 
complex amplitudes E+(z,t) and E-(z,t) of the counter-propagating optical fields within each 
section of the device [7, 8] incorporated in [12] 
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where c0 is the vacuum light speed and κ is the field coupling coefficient due to the Bragg 
grating. We also use the rate equation for carrier density: 
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where d and W are the thickness and width, respectively, of the active region. The relative 
propagation factor, the modal peak gain, and the change of the modal index with carrier 
density are given by following expressions  
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The values of main laser parameters used in our simulations are collected in Table 1. For a 
detailed description of the remaining model equations and parameters, we refer to [6-8]. 

Table 1 
Symbol Description Unit Value 

λ0 reference wavelength m 1.12 ‧10-6 

LG length of active section m 0.5 ‧10-3 

LDBR1 length of DBR section m 1.0 ‧10-3 

LDBR2
 length of DBR section m 0.5 ‧10-3 

LPA length of PA section m 4.0 ‧10-3 

Rr 
rear facet intensity 
reflectivity 

0 

Rf 
front facet intensity 
reflectivity 

0‧‧‧0.1 

ng group refractive index 3.6 
κ coupling coefficient m-1 10 ‧102 

αH 
linewidth enhancement 
factor 

-0,8

α0 internal absorption m-1 3 ‧102 
Γ optical confinement factor 0.68 ‧10-2 

g’ differential gain m2 2555 ‧10-22 

ᵋg gain compression factor m3 1 ‧10-24 

Ntr transparency carrier density m-1 1.5 ‧10-24 

d thickness of active layer m 10 ‧10-9 

W width of active layer m 4 ‧10-6 
A recombination parameter s-1 3.4 ‧10-9 
B recombination parameter m3s-1 1.5 ‧10-16 
C recombination parameter m6s-1 5 ‧10-42 

U’F 
derivative of Fermi level 
separation 

V  m3 0.03 ‧10-24 
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Results and discussions 
In what follows we discuss the output characteristics of the multisection device shown 

in Figure 1. We use the equations (1)-(2) and parameters listed in Table 1 for numerical 
calculations. The experiment was done at room temperature. Figure 2 illustrates both 
numerical and experimental output power versus injected current into PA characteristics for 
a fixed current of 200 mA injected into MO. 

Figure 2. Dependence of output power on current injected into power amplifier PA: red – 
numerics, black – experiment. The current injected into the MO is 200 mA. The front 

facet reflectivity R =0. 

From the characteristics a threshold of 0.15 A, and a slope of 0.6 W/A can be 
determined. The experimental investigations were performed at room temperature [9]. This 
figure indicated a good agreement between numerical calculations and experimental results. 
We next examine the same dependence as in Figure 2 what happens if the front facet 
reflectivity in increased to 10-2. Figure 3a shows the measured characteristics. As mentioned 
before, for zero reflectivity the threshold current is 0.16 A. On the other hand, an increase of 
front facet reflectivity reduces the threshold current to 0.09 A (red curve in Figure 3a). One 
can observe an increase of the slope to 0.78 W/A. This is due to the fact that for a finite front 
facet reflectivity the system acts as compound cavity. However, for high currents one observes 
undulations of the output power with injected current. 

Figure 3. Output power versus injection current injected into the PA for two front facet 
reflectivities. The current injected into the MO is fixed to 200 mA: a) experiment, 

b) numerics.



66 The influence of a residual reflectivity at the front facet of a multisection master-oscillator power-amplifier 

Journal of Engineering Science June, 2022, Vol. XXIX (2)

Usually, this region with undulations is characterized by instabilities, which are not 
the subject of present investigations. The right panel of Figure 3 shows the numerically 
obtained results. We observe a good agreement between experiment and numerics regarding 
the decrease of the threshold current (0.05 A), However the slope (0.60 W/A) remains only 
constant in the simulation. In what follows, we show in Figure 4 how the front facet 
reflectivity affects the output power. An increase of the reflectivity from zero (black line) to 
10-3 (red line) leads to a parallel shift of the characteristics to lower currents keeping the
slope efficiency almost unaffected. A further increase of the front facet reflectivity to 10-1

remains the threshold current almost unchanged (Ith= 0.05 A) but reduces the slope to a value
of 0.42 W/A due to a reduction of the outcoupled power.

Figure 4. Simulated power–current characteristics for different front facet reflectivities. 

Conclusions 
We have carried out experimental and theoretical investigations of the output 

characteristics of multisection master-oscillator power-amplifier. The MO is designed to be 
composed of a gain section and two DBR sections. Both simulations and experiment show a 
good quantitative agreement between output laser characteristics for zero front facet 
reflectivity. When the front facet reflectivity is increased the MOPA works as a compound 
cavity. We believe that our work provides a good basis for future study and provides some 
hints for more detailed investigations of mechanisms behind the MOPA effects. 
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Abstract. The constant evolution in telecommunications is recognized both as a market driver 
and as a driver for R&D, since R&D activities are built to support consumer and business 
demands. The market pressures and recent past recessions have considerably shifted the focus 
of companies to product development and incremental research. This current focus on short 
term gains has paved the way for applied research to the furthest extent. Research and 
technological development, which is a founding block of any field of science and technology, 
was explained from the point of view of ICT with a primary focus on the telecom industry. The 
research ecosystem along with its shortcomings were also presented. It is important that 
governments and the ICT industry re-evaluate the R&D ecosystem and consider having both 
a 3 to 5-year view along with a 30 to 40-year long vision. 5G technology started to roll out 
effectively to ordinary users in 2019 (development of this technology started in April 2008), 
and in 2020 it was expected to spread to even more countries, and then in a few years it will 
be global. This is despite various studies that point out that 5G radiation will have negative 
effects on human health (which has also been claimed for 4G and 3G), while organisations 
such as the US Communications Commission (US FCC) and almost all similar organisations state 
that 5G radiation has no significant effects on human health. Another concern is the security 
of communications over 5G networks, especially equipment sold by China. Australia and the 
UK - in early 2019, took steps to restrict or eliminate the use of Chinese-sourced equipment 
in their 5G networks. Also in 2019 the US via the FBI and the UK via Government 
Communications Headquarters (GCHQ) other intelligence services, began to get more involved 
in changing surveillance standards. Including at the NATO meeting in London in December 
2019, 5G network security and development was discussed. In addition to high download 
speeds, the 5G network also has a low "air latency" (between phone and antenna) of 8-12 
milliseconds. 

Keywords: 5G mobile communication, robust research ecosystem, 6G, wireless network, NTT DOCOMO, R 
& D process, significantly faster speeds, Nokia 2G 6G, making 6G a reality. 

Rezumat. Evoluția constantă în telecomunicații este recunoscută atât ca un motor de piață, 
cât și drept un motor pentru cercetare și dezvoltare, construite pentru a susține cerințele 
consumatorilor și ale afacerilor. Presiunile pieței și recesiunile recente au mutat considerabil 
concentrarea companiilor către dezvoltarea de produse și cercetarea incrementală. Accentul 
actual asupra câștigurilor pe termen scurt a deschis larg calea cercetării aplicate. Cercetarea 
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și dezvoltarea tehnologică, care este un bloc fondator al oricărui domeniu al științei și 
tehnologiei, a fost explicată din punctul de vedere al TIC, cu accent primar pe industria 
telecomunicațiilor. Au fost prezentate și ecosistemul de cercetare împreună cu deficiențele 
acestuia. Este important ca guvernele și industria TIC să reevalueze ecosistemul de cercetare 
și dezvoltare și să ia în considerare atât o viziune pe 3 până la 5 ani, cât și o viziune pe o 
perioadă de 30 până la 40 de ani. Tehnologia 5G a început să se răspândească în mod eficient 
către utilizatorii obișnuiți în 2019 (dezvoltarea acestei tehnologii a început în aprilie 2008), 
iar în 2020 era de așteptat să se răspândească în mai multe țări, iar apoi în câțiva ani să  
devină globală. Acest lucru se întâmplă în ciuda diferitelor studii care subliniază că radiațiile 
5G vor avea efecte negative asupra sănătății umane (care a fost revendicată și pentru 4G și 
3G), în timp ce organizații precum Comisia de Comunicații din SUA (US FCC) și aproape toate 
organizațiile similare declară că 5G radiațiile nu au efecte semnificative asupra sănătății 
umane. O altă preocupare este securitatea comunicațiilor prin rețelele 5G, în special 
echipamentele vândute de China.  Australia și Regatul Unit al Marii Britanii  au luat măsuri 
pentru a restricționa sau elimina utilizarea echipamentelor provenite din China în rețelele 
lor 5G. De asemenea, în 2019, SUA prin intermediul FBI și Marea Britanie prin 
intermediul cartierului general de comunicații guvernamentale (GCHQ) și alte servicii de 
informații, au început să se implice mai mult în schimbarea standardelor de supraveghere. 
Și la reuniunea NATO de la Londra din decembrie 2019 s-a discutat despre securitatea și 
dezvoltarea rețelei 5G. Pe lângă viteze mari de descărcare, rețeaua 5G are și o „latență a 
aerului” scăzută (între telefon și antenă) de 8-12 milisecunde.

Cuvinte cheie: comunicații mobile 5G, ecosistem robust de cercetare, 6G, rețea fără fir, NTT 
DOCOMO, proces de cercetare și dezvoltare, viteze semnificativ mai mari, Nokia 
2G 6G, transformând 6G în realitate. 

Introduction 
As stated earlier, the 5G vision has been mainly focused on serving three applications: 

eMBB, uRLLC, and mMTC. These three applications however, require focused network 
planning around optimizing throughput, latency, and coverage respectively. The eMBB 
application is particularly challenging in dense urban environments where there is expected 
to be a massive installation of outdoor small cells as well as an extensive underground fiber 
optic network to support the traffic and throughput demands from the urban center [1]. 
Because of this, there has been a major effort around realizing millimeter-wave (mmW) 
communications technology for mobile networks—a spectrum space that was traditionally 
exclusively utilized for military and science purposes for radar and imaging [2]. 

This has proliferated mmW-based research in antennas, RF transceivers, and 
fabrication processes so that they are more readily integrated into user equipment. This all 
comes with the typical power (EIRP) and propagation requirements/considerations that are 
native to cellular components and networks. This has been particularly challenging 
considering the path loss at mmW frequencies—the high frequency signal attenuates greatly 
over distance causing the need for line-of-sight (LoS) links at close distances [3, 4]. Moreover, 
mmW frequency signals tend to scatter at an obstacle as opposed to its low frequency 
counterpart that can often diffract around an obstacle. 

The uRLLC applications rely upon a highly synchronized network, at low-to-medium 
throughputs, with a very high device density [5-8]. Table 1 shows some sample uRLLC 
scenarios, often in an industrial automation setting. However, public safety and medical 
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applications are also required to have low latency and reliable communications. For instance, 
in a remote surgery application where a surgeon must be little time delay between the 
controller and equipment. This type of communications requires a dedicated backhaul 
backbone, low time errors in the synchronization path/clock chain from the primary reference 
time clock (PRTC) down to the telecom transparent clock (T-TC), with stringent end-to-end 
quality of service (QoS) goals. 

Table 1 
URLLC applications

The mMTC applications almost directly correspond to the proliferation of IoT devices 
in industry vertices from commercial to industrial. This is supported by the ever-growing 
presence of new IoT protocols and the marketplace for IoT development platforms, bringing 
previously unknown data to the cloud for complex analysis and feedback [9, 10]. The network 
for this type of communication does not have the bandwidth constraints of eMBB nor the 
stringent latency requirements of uRLLC, rather, strict battery life/node maintenance 
expectations along with coverage in the unconnected areas of the globe [11-13]. Power 
saving protocols and energy harvesting techniques are used in these compact nodes with 
smart placement in order to ensure ideal connectivity along with OTA firmware updates for 
minimal maintenance after installation. 

NTT DOCOMO R&D (Nippon Telegraph and Telephone do communications over the 
mobile network) has been in the forefront of mobile technology, not only in Japan, but also 
at a global scale. During 2014, it created one of the first labs dedicated to conducting R&D 
on 5G and to speeding up work on its standardization. It contributes about 2.5% of its revenue 
to research and development. It is evident that the vendor community spends over 10% of its 
revenue on R&D, whereas operators’ spending hovers around 2% (if any). R&D spending by 
some of the largest operators is on the order of a few hundred million dollars, whereas it runs 
into billions for large-scale manufacturers [14]. Orange Labs and DOCOMO are the two key 
R&D spenders in the operator community, whereas the vast majority of the service providers 
do not set aside a budget for R&D. 

R & D process (telecom) 
Established vendors and start-ups are always seeking to bring research and 

innovations to their customers, that is, the operators. In the majority of cases, operators have 
the final say as to whether or not to take the supplier’s innovation to the next level [15]. The 
established suppliers, big or small, have deeper pockets and more leverage over operators as 
compared to start-ups. The start-ups spend considerable time seeking funding from venture 
capital firms and endorsements from operators for their technology incubation. As the 
research starts to mature, suppliers start working to sell their ideas, which leads to technology 
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development (or technology incubation for start-ups). Technology development enables 
development and enhancement of practical solutions. Technologies are first normally 
standardized and then utilized during product development. 

Nothing is more normal than to project oneself into the future when one works in tech. 
The telecom pros are already well advanced in their thinking. The planning has already been 
done: 6G is expected to be launched in 2028 and commercialised in 2030, and these few 
years will not be too long for telecom research, patenting and agreement on new standards. 

We have gone from SMS to interactive video to IoT in a few years and 6G will propel 
us into another world [16].  

Telecoms companies are working hard to implement 5G connectivity into our everyday 
lives, and some are reportedly already working on the upcoming 6G network. Samsung 
released a white paper called "The Next Hyper-Connected Experience for All" in which it detailed 
what the key areas for development are and what the hurdles are. 

According to Samsung, 6G could launch in 2028 at the earliest, while mass adoption 
could happen ten years from now, or 2030. The timeframe is similar to the eight years it took 
the 5G network to develop from concept to reality. In comparison, the 3G network was 
developed in 15 years. 

Figure 1. Cycle of mobile phone evolution. 

Figure 2. Technological evolution up to 5G in mobile communications. 
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Robust research ecosystem 
A robust research ecosystem comprises strong government policies, energetic 

university and industrial research institutions, emerging start-ups, mature technology 
companies, funding for both basic and applied technologies from government and private 
institutions (including venture capital firms), and a large pool of talented researchers [17]. 
Only a few countries have all of the ingredients required to establish and maintain a dynamic 
ICT research ecosystem. Thus, strong collaboration is required at the global level so that one 
country can address the missing elements of another nation. A critical element for 
continuation of this ecosystem is investment in basic research, which is almost nonexistent, 
particularly in the ICT sector, worldwide. Most of the investment since the last decade has 
been pouring into applied research for immediate returns. This trend is expected to continue 
as ICT companies operate in a highly competitive and commoditized environment, which is 
forcing them to quickly bring products to market with razor thin margins. 

Samsung also suggests that both people and machines will use 6G, which will enable 
a truly immersive extended reality (XR) experience, lead to high-fidelity holograms and 
digital replicas. 

Figure 2 shows the technological evolution up to 5G in mobile communications. 

What is 6G? 
The applications have a natural progression to more a ubiquitous virtual experience 

with AR/VR applications, tactile internet along with intensive predictive analysis/modeling 
via the proliferation of artificial intelligence (AI) processing within said devices [18]. These 
push current technologies to the next level. The mixed reality (MR) experience uses 3D 
objects and AI to provide a seamless, immersive experience with a high integrity 6G 
connection. 

An example of this would be holographic communications where conventional video 
conferences are augmented with a realistic projection for a three-dimensional image. The 
concept of connected robots and autonomous systems to provide basic services such as 
mail/package delivery also requires a high-fidelity wireless connection to enable the proper 
feedback necessary to control the destinations of such equipment. 

Other future wireless applications include a brain-computer interface (BCI) where 
appliances can be controlled via a communication path between the user’s brain and the 
device's RF front-end. This can be extended to the medical field with medical wearables 
tracking/monitoring a patient's health while they are in hospice [19]. Entirely automated 
industrial facilities with intensive computing will require a reliable connection to the cloud 
in order to perform the complex data analytics necessary for remote control and predictive 
analysis. 

The 6G infrastructure is expected to be built upon 5G with some critical additions that 
diverge from the traditional contemporary cellular technologies. One major aspect of 6G is 
the incorporation of the terahertz spectrum from 0.1 THz to 10 THz [20]. This massive block 
of additional spectrum has the bandwidth to support the connectivity needed through the 
use of photonic and hybrid electronic-photonic transceivers. The benefit of this technology 
over most mmW technology is that a line-of-sight (LoS) link is not required. A cell-less 
architecture is called upon to support 6G where user equipment (UE) is connected to the RAN 
as opposed to a singular cell. This can be realized through the tight integration of difference 
communication technologies (e.g., sub-6 GHz, mmW, THz, and visible light communications 
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(VLC) where 6G devices can support all these heterogeneous radios within the device. This 
eliminates the gaps in coverage that come with handovers. 

Figure 3 shows an Image of technological development toward 6G. 

Figure 3. Image of technological development toward 6G (after NTT DOCOMO) 
eMBB: enhanced mobile broadband;  mMTC: massive machine type 

communication; URLLC: ultra-reliable and low latency communications. 

Significantly faster speeds 
As for the future of 6G technology, the future is looking bright, with data transfer 

speeds of 1 §TB per second that would, in theory, make it possible to download 142 hours of 
content at the highest resolution currently possible - 4K - every second. If these figures seem 
abstract, it's easiest to imagine a show like Supernatural, which will have 15 seasons of 
around 20-21 episodes each when it's finished, being downloadable using 6G in less than 
two minutes. 

Despite the performance this technology could achieve, it's still a long way off before 
it can be integrated into the devices we use every day. Clearly, the physical limits of 
communications networks need to be overcome to support such a data flow [21-23]. 

As for the launch date of 6G technology, it will be available on the market after 2030, 
which means that it will take a few more years before it becomes dominant in the smartphone 
market. 

Some reports also suggest that China is not alone in the race for 6G, with Japan already 
working to achieve this communications speed standard. 

6G will not arrive before the end of the decade, but it will not only be a new increase 
in speeds and a reduction in latency. It is a true fusion of the real and digital worlds that is 
coming, with the human being always at the center [23]. 

5G is being rapidly deployed around the world and brings its share of new features 
with even more throughput, reduced latencies opening new possibilities (autonomous cars, 
industry 4.0, fine control at a great distance...) and an infrastructure that starts to be aware of 
its environment by adapting its capacities in real time according to the needs or emergencies 
[24, 25]. 

These elements will be found in 6G, the next generation of mobile technology that 
will take its first steps by the end of the decade and deploy more widely during the 2030s. 
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It will take these notions further by enabling a fusion between the real and digital 
worlds to create digital duplicates of the physical elements, filled with a whole set of data 
provided by multiple sensors and information bases. 

Nokia 2G 6G 
This fusion of the two worlds could endow humans with "superpowers" and analytical 

capabilities that go beyond their vision of the physical world by accessing a whole new set 
of information on their surrounding environment. 

The equipment manufacturer Nokia is among the pioneers preparing this revolution 
through its Nokia Bell Labs research centers and talks about this upcoming transformation. 

Every aspect introduced with 5G will be improved in 6G, with an intermediate 
evolution 5G-advanced that will prepare the ground around 2025 (as there was a 4G-
advanced before 5G) [25]. The big theme of 6G is about creating these digital doubles, or 
"Digital Twin", of cities, infrastructure and factories. This trend is already underway with 5G, 
but it will take on a new dimension with the next generation by enabling much faster 
detection and response to out-of-the ordinary conditions and phenomena, whether it's an 
incident or a need to redirect resources to a specific point [26]. 

What remains now is to identify/finalize the technologies and put in place the 
intellectual property that will create this vision. Nokia estimates that the first 6G systems will 
be operational by 2030, following a classic 10-year cycle between generations of cellular 
communications, with the first phase of standardization by 2026, within 3GPP Release 20. 

5G-Advanced will pave the way through 3GPP Release 18, with a rollout from 2025. 
As a reminder, Nokia is the project leader of the Hexa-X program, which should put Europe 
back at the heart of 6G developments [27]. 

Nokia for NASA 
Nokia to develop a 4G network on the Moon for NASA. Nokia has received funding 

from NASA to study the possibility of designing a 4G network on the Moon as part of the 
human colonization project of our natural satellite [28]. 

5G: Nokia to build its own experimental mobile network in Finland. Nokia plans to 
build an experimental 5G mobile network in Finland that could be up and running by early 
next year. 

Making 6G a reality 
There are already research initiatives kicked-off in different countries in order to 

realize 6G. In Finland, the University of Oulu kickstarted Finnish 6G research in 2018. The FCC 
opened up the 95 GHz to 3 THz spectrum for experimental licenses, opening up research 
opportunities for optical/photonic communication links in the U.S. As of 2019, South Korea 
and China began putting together working groups dedicated to 6G research between 
companies, government departments, and universities [29]. It goes without saying that 6G is 
very much a nascent platform. However, between the potential new technological solutions 
and the KPIs, it will become the new goalpost for innovation beyond 5G [30]. 

Conclusion 
Hyperconnectivity, the trend towards online work and communication has been fueled 

by both technical and social trends. Entire companies and even industries have moved to 
online working. And after the workday is over, people switch from video calls to online 
gaming. From virtual reality games to massively multiplayer immersive experiences, 
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participation in online games has skyrocketed. People no longer come together at an office 
building to work or at a sports stadium to watch a game. They go online, in millions of homes, 
to meet colleagues, drive virtual race cars, or cheer on their favorite rock stars at a virtual 
concert. 
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Abstract. As ubiquitous computing becomes an increasingly inherent component of everyday 
life due to the rapid growth of communication technologies and globalization, threats against 
information systems have taken a more latent yet lethal dimension. This emergent digital 
security challenge has correspondingly motivated a proactive change in the software 
engineering process in recent decades. This change has inspired more intense research 
scrutiny on security as a crucial component of any software system. Moreover, in today’s 
virtual world of hyperconnectivity, the most significant vulnerabilities in modern information 
systems security are software centred. Nevertheless, research shows that software developers 
often lack the required knowledge and skills in secure software systems development (SSD). 
Such knowledge ensures that all the resultant software components of each development 
lifecycle are correctly implemented rather than merely following the SSD lifecycle. Also, the 
knowledge engenders software security consciousness as a professional attitude amongst 
developers. Therefore, investigating students’ awareness of SSD principles can generate 
insight into evolving the undergraduate software development curriculum – a path to 
building future career developers. The study used a voluntary online survey to recruit a 
sample of 76 undergraduate developers and employed a descriptive approach to data 
analysis. Among other findings, the study revealed that participants' perception of the threat 
of software vulnerability impacts their attitude towards security on online and mobile 
platforms. And that though over 90% of the undergraduate developers took software 
vulnerability threats either “serious” or “extremely serious”, this disposition did not reflect 
the depth of their knowledge and experience in SSD. 

Keywords:  Cyber-security, Framework, Software, threat, ubiquitous-computing, vulnerability. 

Rezumat. Pe măsură ce computerul omniprezent devine o componentă din ce în ce mai 
inerentă a vieții de zi cu zi datorită creșterii rapide a tehnologiilor de comunicare și 
globalizării, amenințările la adresa sistemelor informaționale au luat o dimensiune mai 
latentă, dar letală. Această provocare emergentă de securitate digitală a motivat în mod 
corespunzător o schimbare proactivă în procesul de inginerie software în ultimele decenii. 
Această schimbare a inspirat o cercetare mai intensă a securității ca componentă crucială a 
oricărui sistem software. Mai mult, în lumea virtuală de astăzi a hiperconectivitatii, cele mai 
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semnificative vulnerabilități în securitatea sistemelor informatice moderne sunt centrate pe 
software. Cu toate acestea, cercetările arată că dezvoltatorii de software nu au adesea 
cunoștințele și abilitățile necesare în dezvoltarea sistemelor software securizate (SSD). O 
astfel de cunoaștere asigură că toate componentele software rezultate ale fiecărui ciclu de 
viață de dezvoltare sunt implementate corect, mai degrabă decât să urmărească pur și simplu 
ciclul de viață SSD. De asemenea, cunoștințele generează conștiința securității software ca 
atitudine profesională în rândul dezvoltatorilor. Prin urmare, investigarea gradului de 
conștientizare de către studenți a principiilor SSD poate genera o perspectivă asupra evoluției 
curriculum-ului de dezvoltare software pentru licență - o cale către construirea viitorilor 
dezvoltatori de carieră. Studiul a folosit un sondaj online voluntar pentru a recruta un 
eșantion de 76 de dezvoltatori de licență și a folosit o abordare descriptivă a analizei datelor. 
Printre alte constatări, studiul a arătat că percepția participanților asupra amenințării 
vulnerabilității software influențează atitudinea lor față de securitate pe platformele online 
și mobile. Și că, deși peste 90% dintre dezvoltatorii de licență au considerat amenințările de 
vulnerabilitate software fie „serioase” fie „extrem de grave”, această dispoziție nu a reflectat 
profunzimea cunoștințelor și experienței lor în SSD. 

Cuvinte cheie: Securitate cibernetică,  arhitectură, software, amenințare, tehnica de calcul 
omniprezentă, vulnerabilitate. 

Introduction 
Traditionally, security in software development is often viewed either as a remedy or 

patch deployed to solve security breaches or as an enhancement to a wholly developed 
software package [1]. As further emphasized by Alkussayer and Allen [1], developers only pay 
attention to security considerations as they approach the end of the development lifecycle, 
which is why such security solutions often come as add-on mechanisms and techniques 
before software systems deployment. Therefore, security issues were often reactively 
addressed when prompted by some undetected vulnerability or when such vulnerability may 
have even been exploited [1, 2]. 

However, in recent decants, there has been a pragmatic change away from this 
mundane approach for security in software development to embrace a more proactive 
approach that advocates the deliberate injection of forethought security ramifications into 
all stages of the software development lifecycle [1–4]. The emergent alternative to secure 
software development primarily recognizes security requirements as an integral element of 
the software design and development process; therefore, rather than treating security 
requirements as an ad-on or a corrective measure, it is implemented as a “designed-in” 
component. 

It has become increasingly imperative to strengthen or reengineer the existing 
processes for developing secure software. The advancement of the internet and the 
proliferation of other related sophisticated technologies have escalated the scale of cyber 
threats against information systems [5]. For instance, as ubiquitous computing becomes an 
increasingly inherent component of everyday life, it has become increasingly easy to use 
these technologies in complex ways [6]. However, cyber adversaries who thrive on exploiting 
information systems vulnerabilities take undue advantage of this ease-of-use and the 
pervasiveness of the internet [7, 8]. 

Furthermore, in the broad context, information security research focuses on two 
fundamental drivers of vulnerability: people-oriented and software-oriented factors [9]. While 
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the former can constitute a potential loophole in information systems security [9, 10], faulty 
software development in utilizing the appropriate security requirements represents the core 
weakness in the landscape of information system security. According to Luo et al. [11], such 
weaknesses are “defects in software’s specific implementation or system security policy, 
which can enable attackers to access or damage the system without authorization”. 

On the other hand, research on how students undertake software development 
abound. For example, in the context of this study, the work reported in [12] discussed 
students’ software development knowledge at a more general level. However, current 
literature suggests that there has been more emphasis on improving students’ programming 
skills and optimising teaching programming techniques [13–15]. But scanty investigations 
tend to probe students’ awareness of emergent security challenges and the state-of-the-art 
software development principles designed to guarantee secure systems development. 

The fact is, as the world becomes more and more interconnected, the landscape and 
implications of information systems security have drawn more concerns than ever. For 
instance, amongst other technological evolutions, the emerging trend of the Internet of 
Things (IoT) has gained momentum in recent years. In conjunction with mobile 
communication technologies, IoT facilitates the design and supports the deployment of 
intelligent and ambient devices [16], which essentially makes it possible for things and 
objects to interact and cooperate between themselves [17] autonomously. With these 
advances, society will get smarter and smarter with the gradual shift in focus to adopting 
innovative software-driven systems as the hub of critical resource management to ensure 
convenient and efficient resource administration and service delivery [8]. At an industrial 
level, the popularity and reliance on IoT are already rising with critical applications such as 
smart grids, smart cities, IoT connected factories, smart supply chain management, connected 
healthcare systems, and smart farming. 

The dominant role of software systems is not limited to the industrial sector as 
governments, research, and other corporate establishments are also heavily reliant on 
information technology these days. Therefore, software security breaches can have far more 
reaching consequences. 

Because of the essential nature of the global challenge of securing information 
systems, this study investigates awareness of secure software development principles among 
South African undergraduate students. This study is motivated first because South Africa has 
one of Africa's most funded educational systems, the government’s strategic interest in 
advancing local technological content. Second, according to Vadra [18], South Africa’s 
inclusion into the four-member grouping of fast-emerging economies of the world, namely, 
Brazil, Russia, India, and China, is both a mark of the country’s development strides in the 
African continent and most importantly, a call for a potential shift in focus knowledge-based 
economy in alignment with the other countries with the block. 

As a whole, the findings of this study provide helpful insight into the level of 
preparedness of upcoming undergraduate programmers to effectively contribute toward 
secure software development in the industry. Such understanding also contributes to 
improving the current computer programming teaching curriculum to sufficiently equip 
undergraduate students with the expertise to address the information system security 
challenge through secure application development. This study surveyed 2nd and 3rd 
undergraduate information technology students from a South African University of 
Technology and qualitatively analyzed the data. 
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Research Methodology 
This section presents the entire research design, which includes the description of the 

population, sample categorization, data collection instrument, and the approach to data 
analysis. 

Study Participants 
This study targets undergraduate 2nd and 3rd-year Information and Communication 

Technology students. On the one hand, it was assumed that the 2nd year students have 
enough exposure to software development training because their three-year study curriculum 
is highly streamlined to specialize in software development or network engineering. And on 
the other hand, aside from being in their final year of study, the 3rd year students were 
undergoing their compulsory work-integrated learning program (WIL), which exposes them 
to various real-life industry experiences. These two scenarios make the selected population 
most appropriate for this investigation. 

The study used a sample of 76 students drawn up from the study population as 
described above. Table 1 presents the characterization of the study’s participants. 

Table 1 
Characterization of the study’s population 

Gender Year of Study 
Male 56 2nd 43 

Female 20 3rd 33 
Total 76 

Data collection and Analysis 
This study employed an online questionnaire-based survey for gathering data. This 

data collection method utilized Google Forms – a customizable virtual survey tool that allows 
researchers to create suitable questionnaires following an existing template. The 
instrument's suitability was ascertained using a closed-ended questionnaire designed and 
subjected to evaluation by an independent expert. The validated questionnaire was then used 
to create a customized questionnaire on Google Forms. This questionnaire elicited 
demographic and other information related to students’ awareness of secure software 
development principles. 

Due to the nature of the information collected, a descriptive approach was used to 
analyze the data. And a question-by-question analysis was performed to ascertain the level 
of students’ awareness of secure software development principles. 

Results and discussion 
In this section, a summary of the study’s results is presented. First, the data were 

quantitatively analyzed and presented section-by-section according to the questionnaire 
design. Second, the results are then interpreted in the discussion subsection section. 

In this section, a summary of the study’s results is presented. First, the data were 
quantitatively analyzed and presented section-by-section according to the questionnaire 
design. Second, the results are then interpreted in the discussion subsection section. 

How students perceived the threat of software vulnerability 
This investigation asked two background questions to explore students’ understanding 

of and, by extension, their attitude towards the critical issue of software security as a global 
and professional challenge. These questions were as follows: 



80 Secure software development awareness: a case study of undergraduate developers 

Journal of Engineering Science June, 2022, Vol. XXIX (2)

Question 1(a): How would you describe the threat posed by software vulnerability to 
information system security? As stated earlier, this question was asked to enable the 
researcher to elicit information that can help make the existing software development 
curriculum more robust and better aligned with current software security realities. Most 
importantly, such a curriculum can improve the quality of graduate developers in South Africa 
by ensuring that they are well-grounded in the ethical, theoretical, and professional 
responsibility of being security conscious when developing commercial systems. Figure 1 
illustrates the outcomes. 

Figure 1. Perception of software vulnerability threat. 

From the analysis illustrated in Figure 1, more than 90% of the surveyed population 
said they took software vulnerability threats either “serious” or “extremely serious”. The 
implication of this outcome is that majority of the undergraduate developers are fully aware 
of the threat posed by software vulnerability and, therefore, take it as a severe threat to 
information systems. 

Question 1(b): As a developer, which of these types of systems would give you the 
most security concerns? i) Web/online systems, ii) Mobile systems, iii) Desktop systems. 

Understanding the threat posed by software vulnerability to information systems is 
one thing and knowing the implication of this threat to different information systems is 
another thing. Therefore, the second question highlighted the students’ understanding of the 
information systems most at risk. 

Figure 2. The Scope of information Vulnerability. 
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The responses to the second question provided an exciting perspective of the software 
security awareness of the respondents. This perspective evoked the categorization of the 
respondents into three groups (G1 – G3), as shown in Figure 2. G1 represents participants 
that only picked either Web/online systems or Mobile systems as a security concern. While 
the responses under the G1 category are not wrong, in the context of the study, such 
responses reflected a narrow scope of the software vulnerability landscape. On the contrary, 
participants who believed that both Web/online systems and Mobile systems post the most 
security concerns were labelled G2. This group was described as “well informed” because 
their view reflected an accurate understanding of the reality of software systems’ 
vulnerability. Still, the other category of participants, labelled G3, captured responses that 
included Desktop systems. Such respondents were tagged “unaware” because desktop 
systems pose the most minimal security risk than the other systems listed in question 2. 

The consequences of having a narrow scope of software security can equally 
potentially undermine information systems as being unaware. In this regard, it can be argued 
that it essentially makes no difference for a developer to have a narrow scope or be unaware 
of software security vulnerabilities. Therefore, when interpreted in this sense, Figure 2. above 
translate to Figure 3 below: 

Figure 3. A translation of Figure 2. 

From the illustration in Figure 3, it becomes striking to note that the result revealed a 
74% gap between the developers who are well abreast of the scope of the software system’s 
vulnerability and others who are still unaware. Only 13% of the sample demonstrated an 
adequate understanding of what software systems they, as future developers, must design 
with utmost security concerns. 

Examining participants’ knowledge of state-of-the-art industry standards for secure 
software development 
The need for developers to be informed about the nature and scope of the threat of 

software vulnerability is hugely critical but being a future career developer requires more 
knowledge about existing standards for developing secured systems. Therefore, the study 
poses three sub-questions aimed at helping the study examine how participants are 
consciously aligning their undergraduate software development experiences and skills with 
professional standards. 
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Question 2(a): Do you know about any existing secure software development 
frameworks (SSDF)? This question tested the extent of the participants’ familiarity with 
existing and most popular professional standards guiding secure software systems 
development. The outcome is as presented in Figure 4. 

The results depicted in Figure 4 suggest that a significant number (42% of the sample) 
of undergraduate developers have either not theoretically or practically interacted with the 
fundamental frameworks of secure software development. This number is significant because 
it is only 16% less than the number of participants who reported that they knew about some 
existing frameworks for developing secure software. 

Figure 4. Familiarity with secure software development frameworks. 

Question 2(b): If you answered "yes" to 3(a), then select all the frameworks that you 
have known from the list below and continue with 3(c): i) The Fundamental Secure Software 
Development Guide, ii) The Microsoft SDL, iii) The Integrated Security Development 
Framework (ISDF), iv) The OWASP's CLASP, v) Software Security TouchPoints. 

With this question, the study validates the participants’ knowledge depth. The findings 
enabled the researcher to understand whether the participants can demonstrate classroom 
knowledge leading to experiential or applicational knowledge (practical experience) or just 
classroom knowledge. This goal aligns with Kolb’s learning framework, which argues that 
learning is only proven successful when the learners can try out whatever has learned (active 
experimentation) [19]. 

Figure 5. Extent of classroom knowledge about specific SSDFs. 
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As presented in Figure 5, the results show that fewer participants had a broad 
understanding of the existing SSDFs. For example, only 36% of the sampled developers know 
at least two existing SSDFs or have applied them. Whereas 49 participants, representing 64% 
of the sample, learned only one SSDF or had used it. 

Question 2c: Choose the option below that best suits your knowledge of the 
framework(s) that you selected in 3b above: i) I have only learned about the framework(s), ii) 
I learned about the framework(s) and applied its outlined best practices. 

Figure 6. Applicational knowledge of specific SSDFs. 

The results in Figure 5 show that 64% of the sample knew at least one SSDF or have 
applied it. However, as demonstrated in Figure 6, a further investigation revealed that 69 out 
of the 76 (91%) admitted that they had only learned about some of the SSDFs. But have not 
practically applied any of the SSDFs in their software development practice. This finding, 
therefore, suggests that just 9% of the sampled undergraduate developers have experiential 
knowledge of software development frameworks in context. 

Attitude towards software systems security 
Xie et al. [20] show a disconnect between developers' conceptual understanding of 

security and their attitudes regarding their responsibility and practices for software security”. 
Consequently, the next question provided insight into whether the participant's attitude 
towards online and mobile platforms relates to the way they perceive and may likely handle 
software security as developers. This aim was achieved in this study by asking the following 
four questions: 

Question 3(a): Choose all the online and mobile platforms (OMPs) that you often use 
from the list below: i) Facebook, ii) Twitter, iii) Instagram, iv) WhatsApp, v) Linkedln, vi) Email, 
vii) LMS.

With this question, the researcher sought to understand the participant's level of 
involvement in the use of various online and social media platforms. This question is 
motivated by the fact that these platforms constitute software systems' vulnerability tipping 
point. 

From Figure 7, all the participants widely used online and mobile platforms. For 
instance, the results indicate that 62 of the 76 (83%) participants used at least three of the 
listed OMPs. And the remaining 18% of the sample used at least one but not more than three 
OMPs. 
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Figure 7. Perception about software security threat vs attitude toward software security – A. 

Question 3(b): Indicate what you usually do when using social media and other online 
platforms? i) Use personal security settings (UPSS) ii) Use the same password across more 
than one platform (USPAP) iii) Share password (SP) iv) Use personal security settings, Use the 
same password across more than one platform (UPSS/SPAP). 

Figure 8. Personal responsibility when using OMPs – A. 

Responses to question 3(b) above, as given in Figure 8, indicate that most participants 
showed an attitude of security consciousness. For instance, 54 out of the 76 participants used 
personal security settings, representing 72% of the sampled population. At a personal level, 
this approach shows that such participants often take personal responsibility to prevent 
software security breaches. On the contrary, the result also indicates that 21 participants do 
not use personal security settings. Instead, these participants indicated sharing their 
passwords or using the same password across different OMPs. 

Based on the latter finding, further investigation became apparent. Therefore, as 
depicted in Figure 9, the outcome of Figure 8 was linked to the participants' earlier response 
to question 1(a). 

As presented in Figure 9, the results suggest that the participant's attitude towards 
security on online and mobile platforms is influenced by their perception of the threat of 
software vulnerability. This claim substantially supports the above findings showing that all 
the participants who either took the threat of software security “serious” or “extremely 
serious” were found to use personal security settings. 
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Figure 9. Perception about software security threat vs attitude toward software security – A. 

Specifically, only 12 out of the 43 participants who took software security threats 
“serious” did not use personal security settings when using various OMPs. And only 10 out of 
32 of those who took the threat “extremely serious” did not use personal security settings 
when using OMPs. 

Question 3(c): When using social media platforms, do you change the security and 
privacy settings or change your passwords regularly? This question provided more 
information on how the participants explored existing software security features on OMPs. 
Such information further reveals participants’ attitudes towards the threat of software 
vulnerability. 

Figure 10. Personal responsibility when using OMPs – S. 

As illustrated in Figure 10, the questions' responses show that most (65 out of 76, that 
is over 85%) of the respondents either change their passwords regularly or at times. When 
the results in Figure 10 were linked to the participants’ earlier response to question 1(a), the 
outcome in Figure 11 the study further linked participants' attitude towards cyber security to 
how they perceived the threat of software vulnerability. 

For example, as depicted in Figure 11, the findings suggest that out of 43 participants 
that claimed to take the threat of software security either “serious”, 35 also admitted that 
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that admitted to taking software security threats “extremely serious”, 30 change their 
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Figure 11. Perception about software security threat vs attitude toward software security – B. 

Self-confidence in the knowledge of secure software development (SSD) 
Another factor investigated in this study was the participants’ confidence in the 

fundamentals and practices of secure software development. Therefore, in this question, the 
participants were required to assert their confidence level and provide a personal assessment 
of their current curriculum with regard to software security. 

Question 4: Do you think you have sufficient knowledge in secure software 
development? If not, what do you think is lacking in your current curriculum? 

The above question became imperative because this study sought to enhance the 
existing software development curriculum. Therefore, the data elicited from the question 
helped shape the study’s contribution. 

Figure 12. Self-confidence in the knowledge of SSD. 
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respondent somewhat low confidence in their knowledge of SSD. For instance, concerning 
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admitted they had no confidence in their SSD knowledge. 

The responses to the second part of question 4 helped capture the participants' 
expectations or verdict or their current curriculum, as illustrated in Figures. 13 and 14. 
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Figure 13. Personal assessment of software development curriculum A. 

Figure 13 presents further analysis of the results in Figure 12. The first part of the 
analysis focused on the participants who answered “Yes” to the question: Do you think you 
have sufficient knowledge in secure software development? As illustrated in Figure 13, the 
result indicates that half the number of the participants who acknowledged the confidence 
in their SSD knowledge were unsure of what may be required to enhance the existing 
curriculum. But the rest of the participants either believed that extending the scope of the 
current curriculum on SSD or providing a platform or practical exposure can make a huge 
difference, as one of the participants stated: 

“Yes, I can say I have the knowledge, but it is not much enough. When it comes to the 
topic of secure software development, we need to dive deeper and learn everything because 
they are very important.” 

Similarly, another participant admitted: “Yes, I do have knowledge on secure software 
development even though it is just basic knowledge. I don't really know a lot of detail in the 
concept, but I have knowledge.” 

Concerning the participant that responded “No” to the question in retrospect, Figure 
14 demonstrates the findings. And the results suggest that 44, representing 88% of the 
participants, saw the need to enhance the existing SD curriculum. 

In responding to what may be lacking in the current curriculum, 37 wants the 
curriculum to be expanded by explicitly adding a module on SSD. In that respect, the 
participants quoted below seemed most explicit and representative of the entire feedback. 

Participant A: “No, Security has only been scratched on the surface, but we haven’t 
really dived deep into it and implemented the necessary practices for secure systems outside 
the obvious sign in and login password.” 

Participant B: “No, I think we need a specific module or course that teaches practically 
secure software development”. 

Participant C: “No, because the technology industry is always evolving, so the 
knowledge that I have on security might be outdated. So, the curriculum must keep up with 
the times in terms of security updates as a developer.” 
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Figure 14. Personal assessment of software development curriculum 2. 

On the contrary, though the remaining 7 participants admitted their SSD inadequacy, 
they opined that the current curriculum would serve them better if it offered them adequate 
provision for practical exposure. 

Discussion  and conclusion 
This research attempted to understand undergraduate software developers’ 

perception of software vulnerability threats and the developer’s response to information 
system security. Essentially, the study explored the participants’ knowledge of secure 
software development standards and principles and demonstrated how the developers’ sense 
of personal responsibility in leading a professional attitude of software security 
consciousness impacts their perception of software security threats. 

The study is motivated by the fact while the demand for software is rapidly growing, 
the risk of software vulnerabilities equally increases proportionately. Therefore, it has 
become pertinent to ensure that future career developers are adequately armed with the 
relevant knowledge and skills in secure software development. 

Despite the study’s relatively moderate sample (76), primarily due to employing a 
voluntary online survey, the key findings still offered valuable insights that informed the 
recommendations made. 

An overview of and reflection on some key findings is as follows: 
i. An overwhelming majority of over 90% of the surveyed undergraduate developers took

the threat of software vulnerability either “serious” or “extremely serious”.
Nevertheless, subsequent results suggested that such a majority did not necessarily
reflect the depth of their knowledge and experience in secure software development.

ii. Regarding the awareness software system’s vulnerability, the gap between the well
abreast undergraduate developers and the others who are still unaware constituted a
striking 74% of the sample. The implication is that lack of adequate practical or
simulated secure software development experience may undermine undergraduate
developers’ understanding of the software vulnerability threat.

iii. The participants’ theoretical knowledge of secure software development framework
was constrained by their lack of experiential knowledge, as 91% of the participants
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admitted that they had only learned about some of the SSDFs but had not applied 
them. 

iv. The participant's attitude towards security on online and mobile platforms was
influenced by their perception of the threat of software vulnerability. Therefore, it can
be argued that unless professional training or ethics override the developers’
perception of software vulnerability threats, their handling of security in software
development may be compromised.

v. A vast majority of the sampled undergraduate developers feel dissatisfied with the
current software development curriculum. Of this majority, 74% advocate the addition
of a module that would explicitly deal with secure software development, while 14%
expressed the need for more practical exposure.

Centrally, the study’s findings, as a contribution, echoed the need to redesign the 
undergraduate software development curriculum of South African universities of 
technology in a manner that would guarantee two things. First, to incorporate and 
facilitate the use of state-of-the-art platforms that can enable undergraduate developers 
to gain real-life exposure in software security programming. Second, formulate standard 
curricula review mechanism to ensure the curriculum evolves in alignment with current 
trends in the industry. 
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Abstract. This paper deals with a synthesis method of membrane computer systems inspired 
from the biological cells structure. The functional concept of the computer system is based 
on the internal structure, chemical transformations and the way of interaction between living 
cells. Thus, the computer system is composed of a set of autonomous, homogeneous or 
heterogeneous computing cells, which communicate with each other in synchronous or 
asynchronous mode. The algorithmic complexity of the solved problem depends on the 
knowledge gained, the rules of data processing and the computer system topology. It is 
proposed the sequence of operations for the synthesis of membrane computer systems with 
implementation in reconfigurable FPGA architectures which includes: analysis of behavioural 
models of living organisms and their interpretation in artificial intelligence models; structure 
and functional description of the computing cell; cell modelling and performance evaluation 
using Petri nets; Van diagram of the membrane computer system topology; formal description 
of the membrane computer system topology by applying the JSON formatting language; 
validation, functional modelling and performance evaluation of the membrane computer 
system topology using Petri nets; Hardware Description Language (HDL) code of the cell  from 
which the principle electrical diagram and the time diagrams are obtained; implementation 
of the computer system in the FPGA circuit. 

Keywords:  computational topology, cognitive properties, evolutionary computing, FPGA, HDL, 
knowledge, membrane computing, nature-inspired computing, natural computing, P-
Systems, Petri nets, swarm intelligence, JSON. 

Rezumat. În lucrare se propune o metodă de sinteză a sistemelor de calcul membranar 
inspirate din structura celulelor biologice. Conceptul funcțional al sistemului de calcul este 
bazat pe structura internă, transformările chimice și modul de interacțiune dintre celulele vii. 
Astfel, sistemul de calcul este compus dintr-o mulțime de celule de calcul autonome, 
omogene sau eterogene, care comunică între ele în regim sincron sau asincron. 
Complexitatea algoritmică a problemei soluționate depinde de cunoștințele acumulate, 
regulile de procesare a datelor  și topologia sistemului de calcul. Este propusă secvența de 
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operații pentru sinteza sistemelor de calcul membranar cu implementare în arhitecturi 
reconfigurabile FPGA care include: analiza modelelor comportamentale ale organismelor vii 
și modele de interpretare a acestora în inteligența artificială; dezvoltarea structurii și 
descrierea funcțională a celulei de calcul; modelarea și evaluarea performanțelor celulei prin 
Rețele Petri; sinteza diagramei Van a topologiei sistemului de calcul membranar; descrierea 
formală a topologiei sistemului de calcul membranar prin aplicarea limbajului de formatare 
JSON; validarea, modelarea funcțională și evaluarea performanțelor topologiei sistemului de 
calcul membranar prin Rețele Petri; elaborarea codului de descriere hardware a celulei în 
baza căreia sunt obținute schema electrică de principiu și diagramele de timp; implementarea 
sistemului de calcul în circuitul FPGA. 

Cuvinte cheie: topologii de calcul, proprietăți cognitive, calcul evolutiv, FPGA, HDL, cunoștințe, 
calcul membranar, calcul inspirat din natură, calcul natural, P-Systems, rețele Petri, 
inteligență de grup, JSON. 

Introduction 
The theory of evolution is the most important theory in biology. Evolution can add an 

extra dimension to a lot of aspects of natural history, give new sense to living facts and social 
change. Evolution means change, change in the form and behaviour of organisms between 
generations. The forms of organisms, at all levels from DNA sequences to macroscopic 
morphology and social behaviour, can change from those of ancestors during evolution. 
Adaptation is another crucial concept of the theory of evolution and refers to life design and 
those properties of living being that allow them to survive and reproduce in nature. Natural 
selection, also an important concept of evolution, means that some individuals in the 
population tend to contribute with more descendants to the next generation than others, 
being better adapted to the conditions of the environment in which they live [1, 2]. 

In 1998, academician Gheorghe Păun laid the foundations of a new field in computer 
science called membrane computing. Membrane computing is a branch of natural computing, 
being defined as a field of computer science with two major objectives: to be inspired by 
nature for the benefit of computer science - data bases, data operations, computer 
architectures, in the most general way - and vice versa, to provide new tools to those who 
study nature by other means, such as biologists or physicists. Natural calculus is a field that 
contains genetic algorithms, evolutionary calculus, with ideas from the genome area, neural 
algorithms. Computing inspired by the area of DNA - DNA Computing, also proposes a new 
hardware, the DNA molecule. Membrane computing aims to teach from the example of the 
cell and create cell-like systems by the help of mathematics and computer science [3]. 

Nature has served as a source of inspiration for many areas of the exact sciences, 
including computer science, artificial intelligence and related fields [4, 5]. Because most 
modern technological systems that have been and are being developed are extremely 
complex, distributed and interconnected, they depend on efficient communication, require 
high flexibility, adaptability and the ability to meet quality and performance requirements. 

Carrying out a more detailed analysis of natural systems, we can see that they are 
usually characterized by a very high level of complexity. This complexity indicates that the 
behaviour of natural systems may be unpredictable and inaccurate, but at the same time 
living organisms and the ecosystems in which they are living have a substantial degree of 
survival. Examples of such resistant systems can be colonies of social organisms, nervous 
systems, etc. The survivability of the system is determined by a number of parameters: a large 
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number of objects in each system that can be replaced by others; free but flexible 
interconnections between objects; differences between objects in the system that allow 
flexible responses to a changing environment; the complex environment in which all 
components interact and produce various responses / actions [4]. Natural organisms have 
demonstrated by their existence the ability to cope with exceptional situations and to adapt 
to the environment through the ability to learn throughout life and by evolving over several 
generations [5]. 

It follows that natural systems have several properties that form the basis for many 
nature-inspired applications, namely dynamics, flexibility, robustness, self-organization, 
simplicity of basic objects and decentralization. Another important aspect of living organisms 
is that they always live in conditions of extreme competition. Therefore, they can be subject 
to actions that may partially or completely destroy the population, but in most cases they can 
be fully recovered. The ability to recover is determined by the presence of the immune system 
of individuals or interactions within and between populations. Resource limitation is one of 
the selection criteria that can ultimately lead to more efficient self-organization and recovery 
[1-3]. 

Underlying the definition of natural computation is the concept of P-System which is 
a computational model based on processes inspired by the behaviour and structure of 
biological cells. P-System is an abstraction model of computational processes by applying 
the interaction mode of chemicals and the cell membrane. This idea was first proposed by 
Gheorghe Păun in 1998 [6], which were later developed as a new branch of theoretical 
informatics [7, 8]. 

In the process of membrane computer systems (P-Systems) developing were designed 
some components that are functionally present in biological cells. The activity of a P-System 
can only be analysed in an environment that is the provider of input data and respectively 
the consumer of the results of their processing. Membranes are the main components of a P-
Systems structure. A computational membrane is an autonomous functional logical unit that 
includes a set of objects, a set of rules, and / or a set of other membranes. The outer 
membrane that interacts with the environment is also called the "container membrane". A 
membrane may dissolve itself and in this case its contents migrate to the membrane to which 
it belongs or divide while retaining all or part of its properties [7, 8]. 

The functional logic of membrane computer systems is determined by a set of rules. A 
rule is validated for a lot of objects or input conditions that are applied, is consumed and 
produce a lot of objects or output conditions. In order to exclude internal competition, a rule 
may take precedence over other rules (dominant rules), so that priority computational models 
can be developed with priority in which less dominant rules (with low quality parameters) 
will be applied only in critical or exceptional conditions [9-11]. 

The algorithmic complexity of a P-System depends on the set of rules defined for each 
membrane and their topological structure. The main objective of applying membrane 
computation models is the optimal distribution of computational tasks in order to obtain a 
parallel computing process with maximum efficiency. Membrane computer systems with both 
asynchronous and synchronous processing can be defined [13, 14]. A topology of a P-System 
can be defined in the form of Ven diagram, tree or formal description [12]. 

Membrane computing models offer the possibility to formally and structurally describe 
computing and control systems of varying complexity, for example specialized logic 
structures and processors, reconfigurable computer systems, complex computing 
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architectures, which include functional elements with hierarchical interaction, parallel and 
concurrent computing architectures and network topologies for distributed computer 
systems. 

Membrane computing cells being considered systems with artificial intelligence and 
cognitive properties implement as rules for data processing both mathematical and logical 
models, as well as models based on neural networks, Fuzzy logic and evolutionary 
computation. 

The paper [15] presents a study of the interaction between membrane computation 
and Fuzzy logic theory. Theoretical research is focused on the processing of uncertainties in 
P-Systems, the fusion, representation and reasoning of unclear knowledge. Applications of
Fuzzy-membrane computing focus on the representation of Fuzzy knowledge and the
identification of its uncertainties.

Another example is described in paper [16] which examines the use of membrane 
computing models to control a group of mobile robots. The topics addressed in the paper are 
oriented towards the complexity of the robot and the tasks performed, the development of a 
genetic algorithm that uses a high level of abstraction, the design of swarm algorithms using 
a top-down approach with real-time operation. 

P-Systems computing architectures represent a multitude of homogeneous or
heterogeneous units for data processing. In the paper [17] it was shown that the synchronous 
interaction between them plays a decisive role, especially for real-time systems. The paper 
investigates synchronous membrane computer systems with communication and division 
rules, using the strategy of evolving parallelism together with the synchronization between 
uncooperative rewriting rules. As mentioned in the paper [18], in order to achieve maximum 
parallelism, a strategy for evolving the topology of the membrane computer system is used 
by applying synchronization between the applied rules. The most efficient are the membrane 
computer systems that operate in standby or event mode. The efficiency of the 
synchronization process is demonstrated by simulating the basic operations (addition, 
subtraction, multiplication, and division). 

An essential factor in the evolution of membrane computer systems is their cognitive 
abilities. The paper [19] explored two methods of applying associative memory for knowledge 
storage. In the first method, associative memory is considered a device for memorizing the 
process of objects evolution, in which they are constantly updated to monitor the evolution 
and circumstances in which they were produced. This model allows the study of the evolution 
of the membrane. In the second method, associative memory is considered as a device for 
storing previously consumed objects. This model allows describing the dynamics of the object 
allocation process. 

The field of use of membrane computer systems and models is very wide. The scientific 
papers for the last 20 years specify the advantages of applying membrane computation in 
such areas as image processing [20], biology, ecology, robotics or engineering [21, 22], 
decision-making systems [23, 24], collaborative systems and swarm intelligence [24, 25], 
reliable diagnostic systems [26], etc. 

In this paper, the authors propose a new method for membrane computation models 
implementation in reconfigurable hardware architectures. In order to achieve the established 
objectives, were elaborated the algorithm for the synthesis of hardware membrane computer 
systems, the functional scheme of the data processing cell based on membrane computing 
models, the Petri net model for performance evaluation, the functional model for membrane 
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computing structures with complex topology, the model for the formal description of 
membrane computing structures with complex topology, the HDL code for cell 
implementation in hardware architecture. The validation of the obtained results is performed 
based on the diagrams generated as a result of the modelling and simulations of membrane 
computing cells implemented into FPGA circuits. 

1. Algorithm for synthesis of membrane computer systems implemented in hardware
architectures
The basis of proposed algorithm (Figure 1) for synthesis of the membrane computer

systems implemented in hardware architectures is the multitude of knowledge gained from 
various fields of natural sciences (biology, genetics, natural intelligence, etc.) and exact 
sciences (physics, mathematics, artificial intelligence, engineering and computer science).  

The synthesis of membrane computer systems implemented in hardware architectures 
includes the following steps: 

Nature Inspired Computing - includes the analysis and mathematical and behavioural 
description of Swarm Computing models and the association of physiological and chemical 
processes performed in living cells with models and the formal description of computational 
processes for the implementation of membrane architecture in hardware architecture; 

Artificial Intelligence - includes providing mathematical and logical models based on 
neural networks and Fuzzy logic to implement the knowledge and rules of data processing 
performed by the cell. At this stage, optimization models based on genetic algorithms can be 
applied, which will ensure the optimization of knowledge and data processing rules; 

Cells Computing - based on the accumulated information and specifications for the 
membrane computing system, the synthesis of the cell structure scheme is performed. As a 
result of this stage, the cell architecture is obtained at the level of functional elements and 
data flows; 

Cell: Petri Net Modelling - modelling and performance evaluation of the membrane 
computing cell through Petri nets [27, 28, 29]. At this stage, parallel and concurrent 
processes, resource access conflicts, and the efficiency of the rules synchronization model 
are identified. As a result of the performance analysis, graphs are generated that will highlight 
the strengths and weaknesses of the cell architecture;

Membrane Computing (P-Systems) - based on the mathematical model or formal 
description is developed the topology of the membrane computer system in the form of a Van 
diagram which specifies the set of rules made by each membrane and the relationships 
between them; 

XML (JSON) - based on the Van diagram, a formal description of the topology of the 
membrane computer system is presented applying the XML (JSON) formatting language [30]. 
The result of this operation is a text file that describes the system topology, the inputs and 
outputs for each cell, and the identifiers of the cell hardware description files;

P-Systems: Petri Net Modelling - at this stage the performance modelling and
evaluation of the membrane computer system through Petri nets is performed [31, 32, 33]. 
The purpose of these models is to optimize the synchronization process between the system 
cells and their rules. As a result of modelling, time graphs and diagrams are generated;

P-Systems: HDL - cell implementation (P-Systems) in hardware architecture based on
HDL [34]. As a result of code compilation in the Intel Quatrus Prime 19.1 Design Software 
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[35] design tool, the wiring diagram, the files for the configuration of the FPGA circuit and
the time diagrams of the membrane computer system are obtained;

Figure 1. Algorithm for synthesis of membrane computer systems implemented in 
hardware architectures. 

FPGA - loading the configuration code into the FPGA circuit [36] which is then used to 
control a robotic process which was used to formulate the specifications of the synthesis 
process of membrane computer systems. 

2. Synthesis and modelling of computing cells
Computing cells represent a set of smart and autonomous elements for data

processing. The data processing algorithm is determined by the set of rules obtained as a 
result of adapting the knowledge gained during the evolution of the cell. The interaction 
between the cells and the topological structure determines the algorithmic complexity of the 
membrane computing system. The synthesizing process of the computing cell structure 
requires the analysis of the chemical and physiological processes that take place in living 
cells and the tasks that are performed by it. A membrane computing system forms a collective 
intelligence (Swarm Intelligence) and can be composed of homogeneous or heterogeneous 
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computing cells. In the paper the synthesis of a general cell structure that can serve as a 
model for the synthesis of cells oriented towards certain specific fields of application is 
proposed. 

The computing cell (Figure 2) consists of the following components: 
Environment - the cell activity environment that delivers input data for the cell activity 

and reacts to the actions applied as a result of data processing; 
( )X t   - input data or activity environment state; 

Filtering (I) - the input data filtering mechanism that selects only certain data and 
allows them to enter into the cell to be processed; 

Fuzzification – Fuzzy operations for input data that generate the set of events for 
processing; 

Associative Memory (I) - associative memory for storing the list of input events; 
[ ]X T  - the list of events waiting to be processed;

Knowledge - the set of knowledge that forms the rules of data processing; 
[ ]Op T - the set of elementary operations defined by the set of rules for data processing

(events); 
ALU - the block for performing arithmetic and logic operations according to the set, 

defined by the applied rule; 
[ ]Y T  - list of events (decisions and actions) obtained as a result of data processing;

Associative Memory (O) - associative memory for storing the list of output events. After 
processing the input and output events they are removed from the lists; 

Filtering (O) - the output data filtering mechanism that selects events to be moved at 
the output of the computing cell; 

De-Fuzzification - turns the list of output events into action data or communication 
with the environment; 

( )Y t  - action or communication data with the environment;

Synchronization - the synchronization block of the operations performed by the 
computing cell. 

Figure 2. Computing Cell diagram. 
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Functional validation and performance evaluation of computing cells was performed 
based on the Petri net model shown in Figure 3. For this purpose, the following functions 
performed by the model cell were identified: 

1. The cell receives from the activity Environment two state values ( ) ( ) ( ){ }1 2,=X t x t x t

modelled by timed transitions { }1 2,t t ; 

2. The events [ ] ( )1 1 4≥X T x t  and [ ] ( )2 2 6≥X T x t  are identified by the Fuzzification 

which are modelled by transitions { }3 4,t t  and arcs { }1 3,p t with weights 4 and 6, respectively; 

3. Associative Memory (I) stores two values of events [ ] [ ] [ ]{ }1 2,=X T X T X T and is 

modelled by places { }3 4,p p ; 

4. Places 12p  and 13p  monitors the waiting time to serve the events 

[ ]1 (1)X T Time Delay  and [ ]2 (2)X T Time Delay , being synchronized by timed transitions 

{ }13 14,t t ; 

5. The ALU block is modelled by place 5p and synchronized by { }5 8, 7,t p t  to serve the 

events [ ]1X T , and respectively synchronized by { }6 9, 8,t p t  to serve the events [ ]2X T , where 

7t  and 8t  are timed transitions; 

6. The places 14p  - Event Processing (1) and 15p - Event Processing (2) monitor the served 

events [ ]1X T and [ ]2X T ; 

7. The places { }6 7,,p p  model the Associative Memory (O) in which two values of the 

output events are stored [ ] [ ] [ ]{ }1 2,=Y T Y T Y T ; 

8. The De-Fuzzification block is modelled by combinations { }10, 11p t  and { }11, 12p t which 

transforms the output events [ ]1Y T  and [ ]2Y T into pulse sequences ( )1 8=y t n  and 

( )2 10=y t n , where 11t  and 12t  there are timed transitions. 

Figure 3. Petri Net model for Computing Cell validation and performance evaluation. 
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The VPNP application, developed at the Department of Computer Science and Systems 
Engineering by the university professor Emilian Guțuleac [37], was used for the functional 
validation and evaluation of the computing cell performance. 

3. Synthesis and modelling of the membrane computing (P-Systems) architecture
As mentioned above, the synthesis of the membrane computing system topology (P-

Systems) depends on the specific of the solved problem and its algorithmic complexity. The 
purpose of the synthesis is to obtain a computing architecture with maximum parallelism and 
minimal concurrency in data processing and resources accessing.  

Figure 4. Membrane computing (P-Systems) architecture. 

Figure 4 shows the synthesis result of a calculation membrane topology using Van 
diagram format that includes the following specifications: 

1. The set of rules for data processing { }1 2 8, ,...,=R R R R that also determine the name

of the calculation cell;
2. The set of elementary membranes { }4 5 6 7 8, , , ,R R R R R ; 

3. The set of complex membranes { }1 2 3, ,R R R ; 

4. Concurrent / parallel processes { }2 6 7 8, , ,R R R R and { }3 4,R R ; 

5. Sequential processes { }{ }{ }{ }1 2 3 5 4 6 7 8: : : , , , ,R R R R R R R R ; 

Skin external membrane that communicates with the business environment. 
The Petri net model for validation and performance evaluation of the membrane 

computing architecture is presented in Figure 5. 
The Petri net model includes the following elements: 
1. The calculation cell 1R  modelled by the timed transition 1t  (generator of external 

events) and place 1p  (memory for the accumulation of events generated by the activity 
environment); 

2. The set of computing cells { }2 2 2 6 6: , , ,R t p t p , { }6 3 3 7 7: , , ,R t p t p , { }7 4 4 8 8: , , ,R t p t p  and 

{ }8 5 5 9 9: , , ,R t p t p , which operate in parallel / concurrently, where: { }2 3 4 5, , ,t t t t are transitions 



100 Computer systems synthesis inspired from biologic cells structures 

Journal of Engineering Science June, 2022, Vol. XXIX (2)

for validating event processing, { }2 3 4 5, , ,p p p p are places for events modelling accepted for

processing by that cell, { }6 7 8 9, , ,t t t t  are timed transitions that model the data processing time 

required for each calculation cell, { }6 7 8 9, , ,p p p p are places that model the end of the data 

processing performed by the respective cell; 

Figure 5. Modelling of membrane computing (P-Systems) architecture. 

3. The set of computing cells { }3 10 10 12 12: , , ,R t p t p  and { }4 11 11 13 13: , , ,R t p t p , where: 

{ }10 11,t t there are transitions that model the distribution of events to those cells, { }10 11,p p

there are places that indicate that the cell is processing the data, { }12 13,t t there are timed 

transitions that model the data processing time by that cell, { }12 13,p p are places that model 

the end of data processing by that cell; 
4. The cell { }5 14 14: ,R t p where 14t  is a timed transition that models the data processing 

time and 14p is the place that models the end of the cell data processing; 

5. Timed transition 15t  and place 15p model the synchronization process between cells 

{ }3 4 5, ,R R R ; 

6. The cell { }1 16 16 17: , ,R t p t  model the action of the membrane computing architecture 

on the activity environment, where the place 17p indicates the number of processed events. 
In order to achieve the circuit of the membrane computing system presented in the form of 
a Van diagram, it is proposed to use a formal description model in JSON format [30]. The 
purpose of these transformations is to gradually move from the Van diagram presentation of 
the membrane computing system to the HDL hardware description code. Figure 6 shows the 
result of this operation for the example analysed in Figure 4.  

Description of the JSON code for membrane computing system formatting: 
1. "Membrane_Computing" - the name of the main object that integrates the architecture

of the membrane computing system in a logical structure;
2. "Cell_Name" - the name of the cell, obtained from the Van diagram that describes the

topology of the membrane computing system;
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{ // JSON model for Membrane Computer systems  
// Synthesis Inspired from Biologic Cells Structures 
"Membrane_Computing" : { // Cell_R1 definition 

"Cell_Name" : "Cell_R_1", 
"Cell_Type" : "Cell_Type_1", 

"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_1"], 
"Methods" : "e:/Cells_Device/R_1.inc"  

}, 
"Cell_2" : { // Cell R2 definition 
"Cell_Name" : "Cell_R_2", 
"Cell_Type" : "Cell_Type_2", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_2"], 
"Methods" : "e:/Cells_Device/R_2.inc" 

}, 
"Cell_3" : { // Cell R3 definition 
"Cell_Name" : "Cell_R_3", 
"Cell_Type" : "Cell_Type_3", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_3"], 
"Methods" : "e:/Cells_Device/R_3.inc" 
}, 

"Cell_5" : { // Cell R5 definition 
"Cell_Name" : "Cell_R_5", 
"Cell_Type" : "Cell_Type_5", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_5"], 
"Methods" : "e:/Cells_Device/R_5.inc" 
}}}, 

"Cell_4" : { // Cell R4 definition 
"Cell_Name" : "Cell_R_4", 
"Cell_Type" : "Cell_Type_4", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_4"], 
"Methods" : "e:/Cells_Device/R_4.inc" 
}}}, 

"Cell_6" : { // Cell R6 definition 
"Cell_Name" : "Cell_R_6", 
"Cell_Type" : "Cell_Type_6", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_6"], 
"Methods" : "e:/Cells_Device/R_6.inc" 

}}, 
"Cell_7" : { // Cell R6 definition 
"Cell_Name" : "Cell_R_7", 
"Cell_Type" : "Cell_Type_7", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_7"], 
"Methods" : "e:/Cells_Device/R_7.inc" 

}}, 
"Cell_8" : { // Cell R6 definition 
"Cell_Name" : "Cell_R_8", 
"Cell_Type" : "Cell_Type_8", 
"Input" : {"Input_1" : "IValue_1"}, 
"Output" : {"Output_1" : "OValue_1"}, 
"Knowledge" : { 

"Data" : ["KData_8"], 
"Methods" : "e:/Cells_Device/R_8.inc" 

}}}} 

Figure 6. JSON format for membrane computing architecture description. 

3. "Cell_Type" - the type of cell that represents a specification of it (ordinary, complex,
etc.);

4. "Input" – specification of the input variables for the respective cell;
5. "Output" - specification of the output variables for the respective cell;
6. "Knowledge" - the specifications of the object for the description of the knowledge that

will present the rules of data processing;
7. "Date" - the list of knowledge set for the initial state of the cell;
8. "Methods" - the name of the file and the path to it for implementing the rules of data

processing.

4. HDL synthesis of membrane computing architecture
As an example for the synthesis of a membrane computing architecture using HDL

code, it is proposed to design a computing cell with input variable ( )X t  and output variable 
( )Y t , where: 

[ ] { } [ ] { }{ }1 2( ) 0000,...,0111 , 1000,...,1111= ∈ ∈X t X T X T , 

[ ] [ ] [ ]1 1:∀ →X T Op T Y T  and [ ] [ ] [ ]2 2:∀ →X T Op T Y T . 
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As a result of the application of the broadcasting operations, the transformations 
[ ]1 1( )Y T Y t→  and [ ]2 2 ( )Y T Y t→ will take place, where 1( )Y t and 2 ( )Y t  are the sequence of 

synchronization signals with a number proportional to the respective variables [ ]1X T  and 

[ ]2X T . The HDL description code of the computing cells is shown in Figure 7. 

SUBDESIGN Celula 
( 

clk, load, ena, clr, fuzzy[3..0] : INPUT; 
yt1, yt2, q_yt1[3..0], q_yt2[3..0]  : OUTPUT; 

) 
VARIABLE 

xt1, xt2 : NODE; 
z_yt1, z_yt2 : NODE; 
count_yt1[3..0] : DFF; 
count_yt2[3..0] : DFF; 

BEGIN 
TABLE -- Fuzificztion 

fuzzy[3..0] => xt1, xt2; 
B"0XXX" => 1, 0; 
B"1XXX" => 0, 1; 

END TABLE; 
count_yt1[].clk = clk; 
count_yt1[].clrn = !clr; 
count_yt2[].clk = clk; 
count_yt2[].clrn = !clr; 

-- Function 1 
IF (xt1 & load) THEN 

count_yt1[].d = fuzzy[]; 
ELSIF ((count_yt1[3].q # count_yt1[2].q # count_yt1[1].q # count_yt1[0].q) & ena) THEN 

count_yt1[].d = count_yt1[].q - 1; 
ELSE 

count_yt1[].d = count_yt1[].q; 
END IF; 
yt1 = count_yt1[0].q; 
q_yt1[] = count_yt1[].q; 

-- Function 2 
IF (xt2 & load) THEN 

count_yt2[].d = fuzzy[]; 
ELSIF ((count_yt2[3].q # count_yt2[2].q # count_yt2[1].q # count_yt2[0].q) & ena) THEN 

count_yt2[].d = count_yt2[].q - 1; 
ELSE 

count_yt2[].d = count_yt2[].q; 
END IF; 
yt2 = count_yt2[0].q; 
q_yt2[] = count_yt2[].q; 

END; 

Figure 7. The HDL code of Cell. 

Figure 8 shows the logic diagram of the cell obtained as a result of compiling the HDL 
code using the Intel Quatrus Prime 19.1 development environment.  

Figure 9 shows the graphical symbol of the cell with the input and output signals of 
the cell obtained as a result of HDL code compilation in the Intel Quatrus Prime 19.1 
development environment. 

Specification of the input signals (Figure 8 and 9): 
1. clk - clock signal synchronizes the data processing;
2. load - loading data into the associative input memory of the cell;
3. ena - validation of data processing;
4. clr - deleting data from associative memory;
5. fuzzy [3..0] - the binary code of the input data.
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Figure 8. The logic circuit obtained from HDL code. 

Figure 9. The Cell symbol. 

Specification of the output signals (Figure 8 and 9): 
1. yt1 - pulse sequence;
2. yt2 - pulse sequence;
3. q_yt1 [3..0] - the binary code from the associative output memory;
4. q_yt2 [3..0] - the binary code from the associative output memory.
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The values of the variables fuzzy [3..0], q_yt1 [3..0] and q_yt2 [3..0] are used to 
interconnect the cells according to the JSON file format. 

The result of the functional validation of the computing cell, in the form of time 
diagram, is shown in Figure 10. 

Figure 10. The Time diagram. 

Specification of the signals grouped by function: 
1. Load Function 2 - uploading data for the function according to the condition

[ ] { }2( ) 1000,...,1111X t X T= ∈ ;

2. Data Out 2 - binary code output data [ ]2Y T ; 

3. Function 2 - pulse sequence 2 ( )Y t ; 
4. Load Function 1 - uploading data for function according to the condition

[ ] { }1( ) 0000,...,0111X t X T= ∈ ;

5. Data Out 1 - binary code output data [ ]1Y T ; 

6. Function 1 - pulse sequence 2 ( )Y t . 

5. Functional testing of membrane computing cells implemented in HDL models
Functional testing of membrane computing cells implemented in HDL models was

performed based on the Altera DE0 Board kit [38]. 
 This development kit is equipped with an Altera Cyclone III 3C16 FPGA circuit that 

provides the user (designer) with 15,408 LEs and 346 Input / Output pins, enough to test the 
example proposed in the paper. 

Figure 11 shows the functional structure of the stand for testing membrane computing 
models that includes: a personal computer with Intel Quartus Prime development environment 
installed and the USB cable for connecting the Altera DE0 Board kit. 

 The development kit highlights the areas used in the process of functional testing of 
membrane computing models: Binary Switches x 10 - used to enter the input code (variable 
values [ ]X T ); Binary LEDs x 10 - for displaying in binary code the result of processing the

data performed by the cell (variable values [ ]Y T ); 4x7-Segment Display - for displaying the

result of data processing in decimal or hexadecimal code; Extension Headers - for connecting 
external input devices and assistive or action devices. 

Function 2 Function 1Data Out 1Data Out 2

Load Function 2
Validation 

Operation 2 Load Function 1
Validation 

Operation 1
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Figure 11. Functional structure of stand for testing of membrane computing models. 
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Conclusion 
The paper describes an application proposed by the authors for the design and 

implementation of membrane computing systems based on FPGA reconfigurable devices. The 
synthesis algorithm of membrane computing systems includes a sequence of activities 
involving knowledge in the fields of biology, nature-inspired computing, artificial 
intelligence, system modelling, formatting languages, hardware description languages, and 
systems design based on FPGA reconfigurable devices. The operating model of the computer 
system is inspired by the functioning and interaction of living cells. 

The synthesis process includes the following steps: development of the cell structure 
diagram for data processing; modelling and evaluating the performance of computing cells 
and the topology of the membrane computing system through Petri nets; elaboration of the 
Van diagram for the membrane computing system; formal description of the membrane 
computation model based on the JSON formatting language; development of the hardware 
description code of the cells for data processing and implementation of the cells in 
reconfigurable FPGA computing architectures. 

For the future, the development of membrane computing systems for the control of a 
mobile robot and a robotic arm is planned. The objectives of the research are aimed to 
highlight the possibilities of performing operations in parallel, the use of methods of 
synchronization and control of concurrency inside the cells and at the level of topology of 
the membrane computing system. 
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Abstract. This paper describes a technical solution to stop the spread of COVID-19 by creating 
a system consisting of a video camera with a thermal sensor connected to a web-based 
platform, which would help to manage to restrict access of people who have fever into a 
building. The main purpose of the project system is to measure body temperature, to detect 
and to recognize the person that has at the moment or had fever in the past 14 days, the 
registration in the database of both the fever and the person, and validate the access of the 
person in the building if it has a temperature below 37 degrees Celsius. The technical details 
as analysis and determination of the domain of interest, development of the new system 
design, functional and non-functional requirements, interface, project planning, technical 
specification and quality of the proposed solution are discussed. The proposed system aims 
to reduce the number of employees responsible for collecting the temperature, thus no 
longer exposing them to the risk of infection.  

Keywords:  covid-19, thermal camera, body temperature, OpenCV library, activity diagram, user 
interface. 

Rezumat. Prezenta lucrare descrie o soluție tehnică de stopare a răspândirii COVID-19  prin crearea 
unui sistem ce constă dintr-o cameră video cu un senzor termic conectat la o platformă web, care ar 
ajuta la gestionarea și restricționarea accesului persoanelor cu febră într-o clădire. Scopul principal 
al sistemului propus este măsurarea temperaturii corpului, recunoașterea persoanei care a 
avut febră în ultimele 14 zile, înregistrarea în baza de date atât a febrei, cât și a persoanei și 
validarea accesului persoanei în clădire dacă are o temperatură sub 37 de grade Celsius. În 
lucrare se discută detaliile tehnice precum analiza și determinarea domeniului de interes, dezvoltarea 
noului proiect de sistem, cerințe funcționale și nefuncționale, cerințe față de interfață, planificarea 
proiectului, specificația tehnică și calitatea soluției propuse. Sistemul propus urmărește reducerea 
numărului de angajați responsabili cu colectarea temperaturii, astfel nu îi mai expune riscului de 
infecție.  

Cuvinte cheie: covid-19, camera termica, temperatura corpului, biblioteca OpenCV, diagrama de activitate, 
interfața utilizator. 
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Introduction 
On December 31, 2019, people with unknown form of pneumonia have been 

diagnosed in Wuhan, China. The World Health Organization announced a virus outbreak 
which led to a global pandemic [1]. The infection caused by the SARS-CoV-2 virus, called 
COVID-19 [2] is still contagious with a high spread rate from person to person, with a 
predominance of asymptomatic forms [3]. Fever has proved to be the main symptom of this 
infectious disease, causing outbreaks such as severe acute respiratory syndrome SARS, 
coronavirus (COVID-19) previously tracked in influenza A H1N1 and Ebola virus disease (EVD). 
Fever screening is a medical countermeasure used at international borders, public transport 
hubs and hospitals to lessen the spread of these diseases [4].  

Globally, there has been launched a huge number of projects aiming to identify and 
provide solutions, tools and methods to stop the spreading of the pandemic [5, 6, 7]. 

A large variety of digital solutions were proposed worldwide, from communication 
within the community to supervision of population for new cases identification [8]. A diversity 
of mobile contact tracing apps in the EU Member States have been created. Most of these 
applications (Coronalert in Belgium, CovTracer-EN in Cyprus, Smittestop in Denmark, etc.) are 
based on Bluetooth technology, available on GooglePlay and Appstore, based on anonymity, 
provide information to users of the applications about those tested positive and their location 
for period of 14 days [9]. However, users are asked to inform their relatives and family about 
a possible infection. 

The EU 30+ satellites system is involved in monitoring the impact of the outbreak 
during the COVID-19 pandemic, within the EU Space Programme [10].  

Supercomputer platforms from 4 countries (Spain, Italy and Germany), along with 
pharmaceutical companies and top research centers within an EU-funded project named 
EXSCALATE4CoV are searching the best treatments for the disease [11]. 

In this context, the Technical University of Moldova applying for several projects, was 
selected as the first beneficiary for “Scanner thermique intelligent – IntelST” project launched 
by AUF (Agence Universitaire de la Francophonie) in May 2020 as part of its special COVID-
19 action plan [12]. 

The particular objective of this project was to provide a technical solution to stop the 
COVID-19 pandemic by creating a system that would help both the medical system and the 
entire population of the Republic of Moldova. The main purpose of the project system is to 
measure body temperature, to recognize the person that have had a fever in the past 14 days, 
the registration in the database of both the fever and the person, and validate the access of 
the person in the building if it has a temperature below 37 degrees Celsius. All of this will 
help implement public health measures to prevent the rapid spread of infection and increase 
the readiness of the health system and replace the person measuring the fever at the entrance 
to the building. As a result of the system, students will be able to slowly return to offline 
classes. The system requires security measures other than those recommended for the 
operating system. 

The team of students of Technical University of Moldova and mentors of the project’s 
partners came with a solution that could allow students to return to classes. One of the 
solutions to achieve this goal is a temperature capture and image processing system, allowing 
students to return to courses openly and quietly [13].  

Thus, the system provides for prevention, preparedness and intervention measures for 
public health emergencies, risk assessment, declaration / cancellation of public health 
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emergency, special powers of attorney for rooms and property, including containment 
measures and / or quarantine, the establishment of entry / exit rules for the area subject to 
isolation or quarantine, by informing the population of the public health emergency, the 
mechanisms for coordination and mobilization of emergency funds.  

It is important to mention that the processing of registered data occurs in accordance 
with the legislation of the Republic of Moldova and Technical University of Moldova, being 
registered as an operator that meets the requirements of personal data protection legislation, 
respects the rigors of the normative framework related to the protection of personal data. 

Infrared thermo-scanners are widely used in airports, public facilities and hospitals 
because their non-invasive nature allows massive screening. In the created situation, we 
would need a modern and comfortable tool to use to detect potentially sick people and 
monitor the number and frequency of illnesses in each closed building or public place 
separately. 

The body temperature is imperative to be checked in countering transmission of the 
COVID-19 virus. The main effective weapon applied in combating infection, as professionals 
require, is restraining of contact with infected people [14]. 

1. Analysis and determination of the domain of interest
The application is an innovation for people who would visit any public space, and it

will replace the person who identifies the temperature of the people entering the building. 
This project is split into three modules: 
1. The part of facial recognition and fever measurement thanks to the thermo-camera

using the OpenCV library and the transmission of people detected in the database
for 14 days.

2. The front-end part that will allow to set the camera, the interface parameters, to
view statistics and identified cases, to allow entry for people identified with
negligible fever, to view covid information, etc.

3. The backend part which will create the database with the detected people who
will be in quarantine and the creation of functionalities such as the statistics of the
detected people with fever, the creation of notifications, the possibility of defining
the days and the temperature in the interface, etc.

General objective: development of a solution with immediate technological and social 
impact for:  

- help the health system not to reach a critical level of saturation. The proposed
solution aims to identify the sick or infected people and prohibit their access to
common areas, thus reducing their contact with many people.

- help the population cope with the difficulties caused by the COVID-19 pandemic,
in particular the fear of going to common access areas, by setting up a system that
reduces the risk of infection.

- replacing the person taking temperature measurements and is exposed themselves
to the risk of being infected with the temperature collection device.

The direct beneficiaries of the project are economic actors (shops, pharmacies, 
companies), employers, hospitals, universities (including the Technical University of Moldova) 
– all of which aim to ensure a safe environment for customers / employees / students and
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reduce the possibility of infection in their spaces. In such way the population that will be 
exposed to less risk of being infected. 

The indirect beneficiaries of the project are the health system because the solution 
aims to reduce the possibility of spreading the virus, thus avoiding the saturation of the 
medical system. 

2. Development of the new system design
In terms of design, this system is developed using technologies such as:
- Vue.js on the front end that the general user will interact with, i.e., the institution

administrator who will allow access to people;
- Symphony for the functional backend where data will be stored;
- OpenCV for facial recognition and fever measurement of people entering the

building [15].
The proposed solution highlights the knowledge of the students but also come with 

the possibility of hosting new experiences such as:  
- innovation: the implementation of a solution that is less expensive compared to

existing solutions - therefore accessible for universities, theaters, shops;
- engineering: the construction of the temperature collection device;
- algorithmic: the definition of the decision-making algorithm based on the data

collected.

3. Functional Requirements/ Non-Functional Requirements
The software solution meets the following functional and organizational

requirements: 
a. The application has to contain a system configuration allowing users shared

access to system resources.
b. The security of the application has to be ensured by the rights offered by the

application’s administrator, which gives access to the registration for users and
user groups.

c. The application will guarantee the ability to work in an open multi-level
structure, using database management systems.

d. The application must have an ergonomic interface in which the user can view
all the information relating to the identified persons.

e. The application will provide viewing permissions of people with a fever above
37 degrees Celsius and prohibit entry into the building.

4. Project planning requirements:
User requirements must be clear, verifiable, complete, precise, achievable.

Requirements’ analysis is the first step in the product development cycle in which the 
requirements of the application are established, from the requirements of the end user, the 
functions of the future software product are identified as well as the data involved. This step 
answers the question of what will be achieved by developing the software product [16].  

5. Interface requirements:
The system should have a graphical interface through which it will be convenient and

easy to perform operations for the building administration [17]. Thus, the application must 
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have an ergonomic interface in which the user can view all information related to case 
statistics: 

1. the list of identified persons
2. notices
3. application settings
4. covid information
5. access to live view of camera data.

6. Quality requirements:
- The system must have high stability, security and safety, as it is to store a

person's data.
- The application must contain a configuration system that allows internal access

only for institution-specific administration to SL resources. To be comfortable
to be used by an administrator.

- The security of the application concerning the inaccessibility to other pages of
the site by the manual change of the link as well as the impossibility of
following from the browser the data entry for the connection / registration.

Elaboration of the Technical Specifications necessary for the realization of the 
information system.  

General objectives; 
1. the destination and objectives of the creation / modernization of the

information system;
2. description of the object of automation;
3. system requirements;
4. the composition and content of the work to create the system;
5. how to test/check and hand over/receive the system;
6. requirements for the composition and content of work for the preparation of

the object of automation for the launch of the information system

In the diagram represented on the Figure 1, it can be visualized the appearance and 
physical component of the elements in the IntelST system. There can be observed the 
bearings and the data transmission wire for processing and its return. 

At the entrance of the building the kit of the system has to be installed: the Hikvision 
camera the TV, a Raspberry Pi and a computer. The camera here has the role of measuring 
the temperature of the people who enters the building. The thermal camera sends data which 
are automatically added to the database and deleted after a certain period of time. 

The temperature measurement process: the person who measures the temperature is 
replaced by the camera, which facilitates data processing and saving. The system will display 
a list of people who do not have access to the building. After that, a person can be allowed 
to enter. After giving permission, it can be seen if the given person is in the building or not. 

The transmission of processed data: this is the component of the system. The processed 
data (temperature and person identifier) are transmitted to the display screen, then to the 
administrators. 

An administrator being a part of the company has the right to modify certain 
configurations. So, the administrator can change the temperature limit and restriction for 
entering to the building.  
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Figure 1. IntelST System Components Diagram. 

The system allows the administrator to change the settings of a company as well. To 
edit a company, he must fill in a form with the data of the company he will edit. 

Figure 2. The activity diagram of the system.
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In the activity diagram presented in Figure 2 it can be seen the followed steps by the 
system’s data, i.e., it can be seen how the algorithm processes the obtained data and then 
sent to the back-end and then to the front-end to be monitored and perceived by users of the 
new system. The algorithm that processes and saves data: If a person has a temperature above 
37 degrees Celsius, its access is prohibited in the building for a period of 14 calendar days 
[18]. The access is allowed in the building only if people show normal body temperature, 
below 37 degrees ºC and are without fever. Depending on the restrictions imposed, these 
data can be changed in the system, according to the rules of the moment. 

The system allows sensors to add a newly identified case. To add a new case, it is 
necessary for the thermal camera to receive an image of a person and record his/her 
temperature. Once the two steps are completed and everything goes well, the system 
automatically saves the request in the database. If the person is already in the database, the 
data will still be added again.  

To add an identified case of a person that has a temperature above 37 degrees Celsius, 
it is mandatory to detect the person and determine his temperature. This is the moment where 
it is assigned an ID, images, date, time and input temperature. Depending on the temperature, 
it will be specified whether or not the person has access to the building. The personal 
identifier will be assigned depending on whether the person is for the first time or has been 
identified before. The case is first registered in the database and then it is decided whether 
the person has access to it or not based on the rest of the cases. The automatic system deletes 
older cases based on the date they were identified. An important role in this system is played 
by the statistical part. In order to keep the situation under control it is necessary on daily and 
weekly bases to present graphs which will show the number the number of registered cases 
of people who have been detected with fever compared to the total number of people who 
have entered into the building. The administrator can thus compare and make a decision 
based on the result of the statistics. The total number of people whose access was restricted 
due they were detected with fever can be indicated separately. The IntelST system is a more 
complex system, but being a free resource, it can be viewed and installed by anyone, if he 
has a personal server with the physical capacities necessary for the work and the processing 
of data for the algorithm, the only difficulty is the server and resources for data processing.

Conclusions 
This work presents the proposed solution for the protection against the COVID-19 

pandemic spread, for people who want quickly to enter into the stores, hospitals, schools or 
other institutions. The system purpose is to ensure a safe environment for customers / 
employees / students and reduce the possibility of infection in their spaces and for the 
population who will have a lower risk of being infected overall. The system aims to reduce 
the possibility of the virus spreading, thus avoiding the saturation of the medical system. It 
offers a much cheaper solution compared to existing solutions, thus offering the possibility 
to a greater number of actors to benefit from it, to identify patients, but also, to replace the 
person carrying out temperature measurements and risk to infect himself from the 
temperature collection device. 
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Abstract. The article presents the problems related to the application of the provisions of the 
new European standards EN for concrete production, after the withdrawal of the obsolete 
national standards GOST regarding the correspondence of the classes to the concrete marks. 
In the context of the application of harmonized standards, there has been a need to establish 
the correspondence of classes to concrete marks, in order to help design and construction 
companies to correctly establish the strength mark of concrete to the corresponding class of 
concrete. The concrete class establishes the normative resistance of concrete for the 
calculation of constructions, for the service limit state, the prismatic resistance to 
compression adopted as normative resistance. The ratio between concrete classes and marks, 
in terms of compressive strength, is determined by the normative coefficient of variation 
V = 13.5%. The degree of homogeneity of the quality of the concrete is determined according 
to the values of the standard deviation σ and the average compressive strength of the 
concrete. As a result of the research, intermediate classes of concrete have been identified, 
which are not indicated in the normative documents, related to the production of concrete. 

Keywords: basic parameters, coefficient of variation, compliance criteria, concrete class, concrete 
mark, compression strength, correspondence, medium values, standard deviation. 

Rezumat. Articolul analizează problemele legate de aplicarea prevederilor noilor standarde 
europene EN pentru producția de beton, după retragerea standardelor naționale învechite 
(GOST) privind corespondența claselor cu mărcile de beton. În contextul aplicării standardelor 
armonizate a apărut necesitatea stabilirii corespondenței claselor cu mărcile din beton, 
pentru a ajuta firmele de proiectare și construcții să stabilească corect marca de rezistență a 
betonului la clasa corespunzătoare de beton. Clasa de beton stabilește rezistența normativă 
a betonului pentru calculul construcțiilor, pentru starea limită de serviciu, rezistența 
prismatică la compresiune adoptată ca rezistență normativă. Raportul dintre clasele și mărcile 
de beton, în ceea ce privește rezistența la compresiune, este determinat de coeficientul 
normativ de variație V = 13,5%. Gradul de omogenitate al calității betonului se determină în 
funcție de valorile abaterii standard σ și rezistența medie la compresiune a betonului. În urma 
cercetărilor au fost identificate clase intermediare de beton, care nu sunt indicate în 
documentele normative, legate de producția de beton. 
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Cuvinte cheie: parametri de bază, coeficient de variație, criterii de conformitate, clasa betonului, 
marca betonului, rezistență la compresiune, corespondență, valori medii, abatere 
standard. 

Introduction 
This article deals with issues related to the application of new European standards for 

concrete production, following the cancellation of obsolete national standards, regarding the 
correspondence of concrete classes to marks. The fields of design and construction are strictly 
regulated by provisions regarding concrete and reinforced concrete constructions, through 
normative documents and standards, in which the class and mark of concrete are very 
important. 

The ratio between the class and the mark of concrete determines the engineering 
calculations for the production and construction of concrete elements, in which, as basic 
parameters are taken the data of laboratory tests on strength, using a concrete cube or 
cylinder of certain dimensions. The notion of “concrete class” is necessary for establishing 
the normative strength of concrete when calculating constructions at the service limit state, 
ie the prismatic compressive strength, adopted as normative strength. 

The class according to SM EN 206 [1] and the mark according to GOST 26633-91 [2] 
characterize the strength of the concrete, but when designing the composition of the concrete 
mixture, the frost-thaw resistance (F), the impermeability of concrete to water (W) and other 
indicators must also be taken into account considering the individual characteristics of 
construction projects.  

The strength of concrete depends on the ratio between water and cement (W/C), where 
the proportions W/C = 0.3 ÷ 0.5 are considered an ideal composition. If the ratio is lower - the 
concrete loses its plasticity, if the proportion of water increases - the resistance decreases, 
but the plasticity of the mixture becomes higher.  

The compressive strength class according to SM EN 206 [1] is denoted by “C” being 
expressed in N/mm2, and the compression strength mark according to GOST 26633-91 [2] is 
denoted by “M”, expressed in kgf/cm2. The difference between these concepts is that if the 
mark is an average indicator, then the class assumes guaranteed compliance with the 
specified level of strength of the concrete. 

The methodological part 
With the implementation of the standard on the specification, performance, 

production and conformity of concrete SM EN 206 [1], the need arose to expose the 
correspondence of concrete classes with concrete marks, established by the standard on 
heavy concrete and fine-grained concrete GOST 26633-91 [2]. The correspondence between 
concrete classes and marks according to GOST 26633-91 [2] has the value of compressive 
strength (tensile) evaluated by the normative coefficient of variation V = 13.5% which is not 
found in SM EN 206 [1]. This value of the coefficient is used in the case of initial tests and 
when there is no statistical data on the actual uniformity of the concrete, according to GOST 
27006-86 [3]. The strength mark of the concrete is an average value of the compressive 
strength expressed in kgf/cm2 by the normative coefficient of variation V. 

According to the provisions of the standard SM EN 206 [1], the conformity of the 
compressive strength of concrete is evaluated on samples tested at 28 days, and each 
individual test result on the cube fci must satisfy the relationship: 
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fci ≥ (fck – 4) N/mm2 (1) 

In the case when, the production of a concrete family starts, for the first time, the average 
strength of the groups of three consecutive results, performed on the samples, which overlap or 
not, must satisfy the relationship (Compliance Criterion 1, according to SM EN 206 [1]): 

fcm ≥ (fck + 4) N/mm2 (2) 

When we have a continuous production of concrete, the conformity assessment will 
be made on the results of the tests over an evaluation period of at least 15 results and not 
more than 35 consecutive results obtained over a period not exceeding 6 months, in case 
when the number of results of the tests is less than 35 per quarter, and over a period not 
exceeding 3 months in cases when the number of test results is more than 35 per quarter. 
The degree of homogeneity of the concrete quality is determined according to the values 
expressed in N/mm2 of the standard deviation σ and the average compressive strength fcm of 
the concrete (Conformity criterion 1 according to SM EN 206 [1]): 

fcm ≥ (fck + 1,48σ) N/mm2 (3) 

The standard deviation σ is determined for a minimum of 15 results recorded in a 
period of maximum 6 months, according to the relation: 

σ =  �1
𝑁𝑁
∑ (𝑓𝑓𝑐𝑐𝑖𝑖−1𝑓𝑓𝑐𝑐𝑐𝑐)2𝑁𝑁
𝑖𝑖−1  (4) 

where: 
σ - standard deviation; 
N – number of results; 
fci – individual result of compressive strength; 
fcm – average compressive strength. 
It is also important to note that testing larger specimens provides more information 

about concrete. The standard SM EN 206 [1] specifies two types of samples, cubes with a side 
of 150 mm and cylinders of 150 mm diameter and 300 mm height, while the standard GOST 
26633-91 [2] specifies cubes with a side of 100 mm, according to GOST 22685-89 [4]. When 
testing samples with a side of 100 mm, the volume of the concrete under test decreases and 
the variation of the resistance on the samples increases, which can be solved by increasing 
the number of samples or their dimensions. 

The experimental part 
For the preparation of concrete mixtures with different cement dosages, crushed 

aggregates of sand and gravel sort (fraction) 0-4, 4-8 and 8-16 mm and 
plasticizer/superplasticizer additive were used. The experimental tests, performed on 
concrete, were performed in accordance with the national standard SM EN 206 [1] and the 
canceled standard GOST 26633-91 [2]. 

In the preparation of concrete, for both cases, the effective W/C ratio was used, which 
took into account the water absorption of the aggregates (determined in accordance with SM 
EN 1097-6 [5]), the cement dosages being 260 kg/m3, 280 kg/m3, 300 kg/m3, 320 kg/m3, 340 
kg/m3, 380 kg/m3, 420 kg/m3, 440 kg/m3 to which appropriate amounts of 
plasticizer/superplasticizer were added. 
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The concrete mixtures were designed so that the compaction class was S3 (100-150 
mm), the test being performed according to SM EN 12350-2 [6]. After stripping, the concrete 
samples according to SM EN 206 [1] were immersed in water and the samples according to 
GOST 26633-91 [2] maintained in laboratory conditions, at a humidity of 95 %, at a 
temperature of plus 20 °C up to the trial period of 28 days. The determination of the 
compressive strength of the concrete samples (Figure 1) was performed on cubes with a side 
of 150 mm, according to SM EN 206 [1] and with a side of 100 mm, according to GOST 26633-
91 [2], and SM EN 12390-1 [7], these being manufactured and stored in accordance with SM 
EN 12390-2 [8]. 

a) b) 
Figure 1. Average values of compressive strengths of concrete batches with different 
cement dosages: a) tests performed on eight series of cubes, with a side of 150 mm, 

according to SM EN 206 [1]; b) tests performed on eight series of cubes, with side 100 
mm, according to GOST 26633-91 [2]. 

The average values of the tests on the cubes are presented in Table 1. Concrete classes 
were established based on the application of different compliance criteria for compressive 
strength, depending on the number of test results (fcm), for a concrete in the family, applying 
the criterion (fcm ≥ fck + 4). In this case, the relation fck + 8 N/mm2 was applied, the concrete 
classes obtained being presented in Table 2. 

Table 1 
Average values of compressive strengths obtained on concrete samples 

Series 
Cement 

dosage, kg/m3 

Average 
compressive 

strength, 
N/mm2 [1] 

Series 
Cement 
dosage, 
kg/m3 

Average 
compressive 
strength 𝑹𝑹�, 
kgf/cm2 [2] 

1 260 26,17 1 260 244,73 
2 280 28,46 2 280 276,93 
3 300 32,86 3 300 293,62 
4 320 42,39 4 320 404,70 
5 340 44,21 5 340 441,05 
6 380 49,71 6 380 491,47 
7 420 53,05 7 420 523,30 
8 440 61,58 8 440 609,65 
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Table 2 
Determination of concrete classes according to SM EN 206 [1] and marks according 

to GOST 26633-91 [2] 

Series 
Criterion 1, 

N/mm2 

Concrete 
class, C, 

[1] 
Series 

Deviation of the nearest concrete 
mark from the average strength 

of the class, % 
(M - 𝑹𝑹�)/𝑹𝑹�×100 

Concrete 
marks, 
M, [2] 

1 
26,17 – 15 = 
11,17 

C12/15 1 200 – 244,73/244,73 × 100 = –18,3 M200 

2 28,46 – 20 = 8,46 C16/20 2 250 – 276,93/276,93 × 100 = –9,7 M250 
3 32,86 – 25 = 7,86 C20/25 3 300 – 293,62/293,62 × 100 = +2,2 M300 

4 
42,39 – 30 = 
12,39 

C25/30 4 400 – 404,70/404,70 × 100 = –1,2 M400 

5 44,21 – 37 = 7,21 C30/37 5 400 – 441,05/441,05 × 100 = –9,3 M400 

6 
49,71 – 37 = 
12,71 

C30/37 6 450 – 491,47/491,47 × 100 = –8,4 M450 

7 53,05 – 45 = 8,05 C35/45 7 550 – 523,30/523,30× 100 = +5,1 M550 

8 
61,58 – 50 = 
11,58 

C40/50 8 600 - 609,65/609,65 × 100 = –1,5  M600 

From Table 2 it is observed that the series 3 and 5 of concrete samples, executed 
according to SM EN 206 [1], with cement dosages of 300 kg and 340 kg respectively, did not 
satisfy the relation fck + 8 N/mm2 (Figure 2 a) or were close to the default values. Therefore, 
these series can be classified in intermediate concrete classes, respectively C18/22 and 
C28/35. 

a) b) 
Figure 2. Criteria for accepting the initial tests of fck + 8 N/mm2 concrete: 

a) expected standard deviation margin; b) deviation of the nearest concrete mark
from the average strength of the class. 

The values of the deviations of the closest concrete marks from the average strength 
of the class (Figure 2 b), differ insignificantly from those indicated in GOST 26633-91 [2], 
exceeding the allowed deviation of 5 %, which can be explained by deviation from the 
average values at compression, due to model uncertainties, variations in geometric and 
material properties, as well as the required level of safety.  
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Based on the results obtained and the concrete marks established, in “Table V.1” of 
the normative document CP H.04.04 [9], appropriate concrete classes and intermediate marks 
can be introduced (Table 3). 

Table 3 
Marks and classes of compressive strength for concrete, according to GOST 26633 [2] 

and SM EN 206 [1] 

Compression 
strength marks 

according to GOST 
26633, kgf/cm2

Compression 
strength classes 

according to 
SM EN 206 

Minimum 
characteristic 
resistance on 

cylinders, 
fck,cil 

N/mm2 

Minimum characteristic 
resistance on cubes, 

fck,cub 
N/mm2 

M150 C8/10 8 10 
M150 C10/12 10 12 
M200 C12/15 12 15 
M250 C16/20 16 20 
M300 C18/22 18 22 
M350 C20/25 20 25 
M350 C22/27 22 27 
M400 C25/30 25 30 
M450 C28/35 28 35 
M500 C30/37 30 37 
M550 C32/40 32 40 
M600 C35/45 35 45 

According to the SM EN 1992-1-1 standard [10], the strength of the concrete is 
obtained by applying the formula: 

fcd = 
𝛼𝛼𝑐𝑐𝑐𝑐𝑓𝑓𝑐𝑐𝑐𝑐
𝑌𝑌𝑐𝑐

 (5) 

where:  
Yc – partial safety factor, set as 1.5. 

Yc = YM  ⋅ Yconv (6) 

where: 
YM has a value of 1.3 and is a factor, which takes into account the deviation from the 

value fck, due to model uncertainties, variations in geometric and material properties, and the 
level of safety established. 

Yconv has a value of 1.15 and is a factor, which takes into account the possible decrease 
in the strength of concrete in its application. 

Figure 3 presents the conformity criteria for the compressive strength of concrete in 
different stages, starting from the determination of the concrete composition for initial tests 
(stage I), to the accepted resistance, in case of in situ tests (stage VII), taking - into 
consideration the acceptance criteria for fresh concrete on the construction site. 
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Figure 3. Conformity criteria for the compressive strength of concrete in different stages. 

Conclusions 
Assessing the compressive strength of concrete is an important activity, as it provides 

data on the most important characteristic of concrete, - the strength class. 
In the context of the application of harmonized standards, within [10], there was a 

need to establish the correspondence of classes with concrete marks, in order to help design 
and construction companies to correctly establish the strength mark of concrete with the 
corresponding class of concrete. 

Not all concrete marks, according to GOST 26633-91 [2] have corresponding classes, 
according to SM EN 206 [1], hence the need for their establishment, by introducing 
intermediate classes of concrete. 
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Abstract. This article describes the possibilities of promoting and implementing open-source 
geoinformation technologies in the field of statistical activity in the Republic of Moldova, 
which will simplify and streamline the process of analysis, collection, systematization of data, 
as well as their dissemination. Since 2019, the National Bureau of Statistics of the Republic 
of Moldova, according to the recommendations of the United Nations, has proposed the 
creation of the geo-coded Statistical Register of Housing (SRH). With the creation of the 
National Spatial Data Infrastructure (NSDI), this goal can be achieved, as SRH will form the 
basis of the Population and Housing Census (PHC) from the 2020 round. The geospatial data 
from SRH will be used to delimit the census enumeration areas, and the reviewed population 
will be attached to the geographical coordinates of the dwelling. These enumeration areas 
will cover the entire territory of the Republic of Moldova and will serve to plan human 
resources, organize field activities and ensure the full coverage of census units (for people, 
households and dwellings). 

Keywords: Statistical Register of Housing (SRH), Geographic Information Systems (GIS), 
Population and Housing Census (PHC), QGIS, QField. 

Rezumat. Articolul descrie posibilitățile de promovare și implementare a tehnologiilor de 
geoinformație open-source în domeniul activității statistice în Republica Moldova, care vor 
simplifica și eficientiza procesul de analiză, colectare, sistematizare a datelor, precum și 
difuzarea acestora. Din 2019, Biroul Național de Statistică al Republicii Moldova, conform 
recomandărilor Națiunilor Unite, a propus crearea Registrului Statistic al Locuințelor (SRH) 
geocodat. Odată cu crearea Infrastructurii Naționale de Date Spațiale (NSDI), acest obiectiv 
poate fi atins, întrucât SSR va sta la baza Recensământului Populației și Locuințelor (PHC) 
din runda 2020. Datele geospațiale de la SRH vor fi utilizate pentru delimitarea zonelor de 
enumerare a recensământului, iar populația revizuită va fi atașată la coordonatele geografice 
ale locuinței. Aceste zone de enumerare vor acoperi întreg teritoriul Republicii Moldova și 
vor servi pentru planificarea resurselor umane, organizarea activităților de teren și 
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asigurarea acoperirii integrale a unităților de recensământ (pentru persoane, gospodării și 
locuințe). 

Cuvinte cheie: Registrul Statistic al Locuințelor (SRH), Sisteme Informaționale Geografice (GIS), 
Recensământul Populației și Locuințelor (PHC), QGIS, QField. 

Introduction 
Numerous real-world examples, with clear explanations of the methodology, 

demonstrate the usefulness of geographic information systems (GIS) for solving practical 
problems in various fields of activity [1, 2]. 

In the field of statistics, high quality data are of particular importance for a 
contemporary country. They are essential for solid decision-making, which will affect the 
daily lives of citizens. The implementation of geo-informational technologies in statistics will 
simplify and streamline the data collection process as well as their dissemination [3, 4]. 

Given that the update of the Statistical Register of Housing (SRH) in the Republic of 
Moldova is a very important database for the future census in 2023, the use of GIS 
technologies, especially open-source, are welcome. SRH is a database of all dwellings, 
regardless of the form of ownership, including specialized houses (dormitories, boarding 
houses, penitentiaries and others), apartments, service rooms and other houses in other 
useful constructions for living. Until 2019 there was no such register, an alternative used 
being the Lists of Buildings and Housing (LBH), prepared by the Local Public Authorities (LPA) 
together with the Territorial Statistics Offices (TSOs). These lists were difficult to use because 
not all dwellings had an address, and even if they did, they were not standardized [5]. 

According to the recommendations of the United Nations, our country has proposed 
the creation of the geo-coded Statistical Register of Housing (each dwelling must have x and 
y coordinates). 

In this sense, in order to achieve the proposed goal, the following objectives have 
been outlined: 

− analysis, collection and systematization of housing data, from official sources of
administrative data;

− presenting the structure of the SRH layers and explaining the variables;
− choosing and establishing methods for collecting and storing data in a database, using

the open-source applications QGIS [6,7] and QField [8];
− populating, validating and processing housing data in SRH.

Data collected and structuring of SRH layers
When updating the SRH for the study area were served the following sources of

geospatial data: 
− Real Estate Register (RER), managed by the Public Services Agency (ASP) [9];
− State Register of Administrative-Territorial Units and Addresses (SRATUA), Public

Services Agency (ASP) [9];
− Linear Map 2017, State Enterprise Institute of Geodesy, Engineering Research and

Cadastre "INGEOCAD" under the coordination of the Agency for Land Relations and
Cadastre of the Republic of Moldova (ARFC) [10];

− Orthoimages (Orthophoto) 2007/2016/2020, State Enterprise Institute of Geodesy,
Engineering Research and Cadastre "INGEOCAD" under the coordination of the Agency
for Land Relations and Cadastre of the Republic of Moldova (ARFC) [10];
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For areas that were not covered by the geospatial data listed above or whose source 
is obsolete, field data were collected. 

The database that will contain the homes which we are going to update will be of the 
SpatiaLite type [11] and will be called “ActRSL_Ialoveni”. It will consist of the “Buildings” layers, 
of point type (Table 1) and “Dwellings”, of table type (Table 2) [5, 12]. 

Table 1 
Structure of the "Buildings" layer 

No. Name Type Description Values 

1 Commune 
Text, 150 
char. 

Commune name 

2 Locality 
Text, 150 
char. 

Locality name 

3 ID_ea Text, 12 char. 
Enumeration area 
code 

Address data 

4 ID_Entry 
Integer, 3 
char. 

Building entry ID 

5 
CODE_ 
Building 

Integer, 3 
char. 

Building code 

6 JID_ Entry Text, 20 char. 
Building-entrance 
code 

7 Street_ type Text, 15 char. Street type 

1) Street;
2) Stradella;
3) Boulevard;
4) Road;
5) City Square;
6) Blind alley;
7) Other.

8 Street 
Text, 150 
char. 

Street name 

9 Number 
Integer, 3 
char. 

Building number 

10 Slash Text, 10 char. Slash 

11 Stair 
Integre, 2 
char. 

Stair number 

Building data 

12 Build_Cond. 
Text, 150 
char. 

Building condition 

1) With all structural
components

2) Under (re)construction
3) Damaged / ruined
4) Demolished
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Continued Table 1 

13 Build_Use. 
Text, 150 
char. 

Building use 

1) For residential
purposes only

2) Residential and other
purpose

3) Non-residential

14 Build_Type. 
Text, 150 
char. 

Building type 

1) Detached house
2) Row house
3) Apartment building
4) Collective living

quarter
5) Accessory building for

the main building 
6) Industrial
7) Commercial
8) Educational
9) Health
10) Institutional
11) Others

15 Nr_ Floors 
Integer, 2 
char. 

Total number of 
floors in the building 

16 Nr_ Dwell. 
Integer, 3 
char. 

Total number of 
dwellings in the 
building 

17 List_ Dwell. 
Text, 254 
char. 

Dwelling list 

18 Notes 
Text, 254 
char. 

Notes 

Table 2 
Structure of the "Dwellings" layer 

No. Name Type Description Values 

1 ID_ Dwell. 
Integer, 3 
char. 

Dwelling ID 

2 CODE_ Entry Text, 20 char. 
Building-entrance 
code 

3 Floor 
Integer, 2 
char. 

Floor number 

4 Apartment Text, 10 char. Apartment number 

5 DirectAccess Text, 2 char. 
Presence of a direct 
access from outside 
the building 

1) Yes
2) No
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Continued Table 2 

6 Type Dwelling Text, 15 char. Dwelling type 

1) Conventional
dwelling

2) Unconventional
dwelling

3) Collective living
quarter

4) Business unit
5) Unit for Institutional

or cultural use
6) Unit used as

accessory of the
building

7) Ruined unit
8) Others
9) Non-existent

7 Notes 
Text, 254 
char. 

Notes 

Results - Case study 
For the case study, two pilot enumeration area from the Republic of Moldova were 

chosen, namely from Ialoveni district: 
− 552000002061 from the village of Milestii Mici [13] (Figure 1 (a)), where it took place

massive primary real estate registration, and in the Population and Housing Census
(PHC-2014) 126 dwellings were identified [14];

− 552300004023 from the village of Pojareni [13] (Figure 1 (b)), where it did not take
place massive primary real estate registration, and at PHC-2014, 87 dwellings were
identified [14].

a) b) 
Figure 1. Excerpt from the enumeration area boundaries: 
a) 552000002061 Milestii Mici; b) 552300004023 Pojareni

Source: [5]. 

The process of updating the SRH will include three stages: population of the register; 
data validation; data processing. 
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Population of the register. 
In the first stage, using the open-source application QGIS, SRH was populated based 

on administrative data and orthophoto images, as follows: 
− Pilot enumeration area of the Population and Housing Census (PHC) - 2014, defined

the work area [14];
− Address point of the building from SRATUA, was used to complete the variables for

the address;
− Land and buildings from Real Estate Register, were needed to define the boundaries

between the properties and to identify the buildings and their use;
− Roof Area from the Linear Map 2017, completed the Buildings layer, especially in the

areas where it did not take place massive primary real estate registration;
− Orthophoto images have completed the Buildings layer and Roof Area, especially in

high-speed construction areas.
The database in QGIS will contain the dwellings to be updated and will be named

"ActRSL_Ialoveni", which will consist of the Buildings layer, of point type and Dwellings of 
table type (Tables 1 and 2). 

Following this stage, there were obtained a total of 917 buildings: 613 in the 
enumeration area 552000002061 from Milestii Mici (Figure 2 (a)) and 304 in the enumeration 
area 552300004023 from Pojareni (Figure 2 (b)). 

a) b) 
Figure 2. Excerpt from the distribution and classification of buildings after the 

population of the SRH from administrative data and orthophoto images: 
a) 552000002061 Milestii Mici; b)  552300004023 Pojareni

Source: [5]. 

In the village of Pojareni 97% of the buildings are with all the structural components, 
of which 38% are used only for residential purposes and another 59% for non-residential 
purposes. 100% of the residential buildings are of the individual house type, and in the 
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category of non-residential buildings 53% are auxiliary buildings of the household and 
another 40% are buildings without capital walls. 

In the village of Milestii Mici 94% of the buildings are with all the structural 
components, of which 38% are used only for residential purposes and another 56% for non-
residential purposes. 99% of the residential buildings are of the individual house type, and in 
the category of non-residential buildings 62% are auxiliary buildings of the household and 
another 32% are buildings without capital walls. 

Data validation. 
Given that administrative data, used in the SRH population, is not always current and 

it is necessary to go to the field and validate the data obtained directly from the source. 
The QField open-source mobile application was used to accomplish this step. The 

QField application uses the same graphical editing controls as the QGIS desktop [8]. 
To create a project in the QField application, we will use the "QFieldSync" plugin, which 

will help us to prepare and package QGIS projects for QField. The QField project will be based 
on the QGIS project "ActRSL_Ialoveni" 

In this case, a copy of this project will be created with the name 
"ActRSL_Ialoveni_QField", where only the necessary layers from the field will be kept. 

Thus, in the QGIS platform, this project was created for data collection in the QField 
application (Figure 3). 

Figure 3. Creating the project for collecting data from the field. 
Source: [5]. 

This project is exported and uploaded to the mobile device via a USB. To open the 
project in the QField application, will be performed the following steps from Figure 4: (1) 
„Open local file”; (2) choosing the location of the file; (3) opening the project with the 
terminations "qgs". 

With the help of the tools for enlarging, reducing and finding the user's location, the 
pilot area will be navigated. So, when we are in the field, we will visit each building and 
check the correctness of the classification using the QField application (Figure 5). 

To view the data of a building, is accessed the geometry of the building (1), and from 
the "Features" window (2) is selected from the list the desired building, based on the code 
"pkuid" (3). To edit the existing data, go to the "Enable editing" button (4), and from the list (5) 
you will find the move buttons "Move Feature" (6), move duplication "Duplicate Feature" (7) or 
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delete the object "Delete Feature" (8). And by accessing the check mark (9) we will save the 
created changes. 

Figure 4. Opening of the "ActRSL_Ialoveni_QField" project. 
Source: [5] 

Figure 5. Visualization, editing and saved an object in QField. 
Source: [5]. 

Data processing. 
After the field verification, we move on to the third stage, that of data processing. The 

data processing step involves downloading the data collected in the field, from the mobile 
device to the computer, with their repeated verification and uploading as a final variant in 
the SRH database. 

Following the data analysis, were obtained a total of 916 buildings: 615 in the 
552000002061 enumeration area in Milestii Mici (Figure 6 (a)) and 301 in the 552300004023 
enumeration area in Pojareni (Figure 6 (b)). 

In Pojareni village 92% of the buildings are with all the structural components, of 
which 39% are used only for residential purposes and another 53% for non-residential 
purposes. 100% of the residential buildings are of the individual house type, and in the 
category of non-residential buildings 54% are auxiliary buildings of the household and 
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another 40% are buildings without capital walls. At the same time, 1% of the buildings are in 
(re) construction, 6% are damaged and 1% are demolished. 

a) b) 
Figure 6. Excerpt from the distribution and classification of buildings according to the 

field data validation process: a) 552000002061 Milestii Mici; b) 552300004023 Pojareni. 
Source: [5]. 

In the village of Milestii Mici, 93% of the buildings are with all the structural 
components, of which 37% are used only for residential purposes and another 55% for non-
residential purposes. 99% of the residential buildings are of the individual house type, and in 
the category of non-residential buildings 74% are auxiliary buildings of the household and 
another 20% are buildings without capital walls. At the same time, 4% of the buildings are in 
(re) construction, 2% are damaged and 2% are demolished. 

Conclusions 
Comparing the number of dwellings registered at PHC-2014 with those collected in 

this paper, there is an increase of 26% in the case of Pojareni village, from 87 dwellings 
registered at PHC-2014 to 118 recently identified. And in the case of the village of Milestii 
Mici, an increase of 45%, from 126 dwellings in the PHC-2014 to 229 recently identified. 

The increase in the number of dwellings is largely influenced by two factors: the first 
factor would be the spatial mismatch of the dwellings in the census enumeration area in the 
spatial base with those in the database collected at the census. And the second reason is due 
to a positive dynamics of various constructions in the localities near the municipality of 
Chisinau. 

The implementation of open-source GIS technologies are recommended in the field of 
statistical activity in the Republic of Moldova. Their use will lead to an increase in the quality 
of data collected and disseminated, will reduce the team involved in data collection and 
monitoring, while reducing the cost of statistical work. 
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Abstract. Miscanthus is a Poaceae family perennial crop of C4 bioenergy characterized by the 
multilateral use potential, including the production of biofuels. The paper aimed to study the 
opportunity to use the biomass generated by two Miscanthus genotypes: Miscanthus × 
giganteus and Miscanthus sinensis in the production of densified solid biofuels. We quantified 
the biomass generated by crops that were 5 years old, harvested from both genotypes after 
the vegetation period, the year 2020. Samples were taken from the experimental lots of the 
Alexandru Ciubotaru National Botanical Garden (Institute) from the Republic of Moldova in 
autumn, immediately after the initial onset of senescence and in spring of the following year, 
before the start of the growing season. The results showed that the above-ground biomass 
generated by both Miscanthus genotypes harvested in spring had had significantly higher 
quality characteristics compared to the biomass harvested in autumn. Virtually all qualitative 
indices of the Miscanthus × giganteus biomass harvested in spring comply with the 
requirements of the ENPlus international standards for densified solid biofuels. The 
Miscanthus sinensis biomass, both, had lower indices than the Miscanthus × giganteus biomass 
from both qualitative and quantitative points of view and the former can be used as a filler 
in various mixtures of raw material for the production of solid biofuels. 

Keywords: energy crops, Miscanthus x giganteus Titan, Miscanthus sinensis, biomass properties 

Rezumat. Miscanthus este o cultură perenă din familia Poaceae de bioenergie C4, 
caracterizată prin potențial de utilizare multilaterală, inclusiv în producția de biocombustibili. 
Lucrarea își propune să analizeze oportunitatea utilizării biomasei generate de două 
genotipuri de Miscanthus: Miscanthus × giganteus și Miscanthus sinensis în producția de 
biocombustibili solizi densificați. A fost cuantificată biomasa generată de culturi vechi de 5 
ani, recoltate de la ambele genotipuri după perioada de vegetație, anul 2020. Au fost 
prelevate probe din loturile experimentale ale Grădinii Naționale Botanice (Institutul) 
Alexandru Ciubotaru din Republica Moldova toamna, imediat după debutul senescenței și în 
primăvara anului următor, înainte de începerea sezonului de vegetație. Rezultatele au arătat 
că biomasa supraterană generată de ambele genotipuri de Miscanthus recoltate primăvara a 
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avut caracteristici de calitate semnificativ mai mari în comparație cu biomasa recoltată 
toamna. Practic, toți indicii calitativi ai biomasei de Miscanthus × giganteus recoltați primăvara 
respectă cerințele standardelor internaționale ENPlus pentru biocombustibili solizi 
densificați. Biomasa Miscanthus sinensis, ambele variante, au avut indici mai mici decât 
biomasa Miscanthus × giganteus atât din punct de vedere calitativ cât și cantitativ, iar prima 
poate fi folosită ca umplutură în diverse amestecuri de materie primă pentru producerea de 
biocombustibili solizi. 

Cuvinte cheie: culturi energetice, Miscanthus x giganteus Titan, Miscanthus sinensis, proprietăți 
ale biomasei. 

Introduction 
Biomass biofuels are currently considered as one of the main alternative energy 

sources. However, the use of plant lignocellulosic biomass as a raw material in the production 
of densified solid biofuels in the Republic of Moldova has only been flourishing for the last 
two decades. Particular attention in the biomass fuel production chain is focused on 
identifying certain types of biomass that can provide sufficient quantities to initiate the 
production of densified solid biofuels that can compete with traditional solid fuels [1]. 
Therefore, the biomass generated by some perennial energy plants has a special role in the 
process. The cultivation of perennials is argued by the fact that they present promising 
prospects for several sectors of the bioeconomy [2], ensuring the production of both a whole 
range of biomass industrial products and the production of renewable energy [3]. 

The main purpose of producing renewable energy from biomass is to replace fossil 
energy resources with biological ones [4]. It should be noted that the production of bioenergy 
is one of the nine objectives of the European Parliament's proposal on agricultural policy for 
2021-2027 [5], which is particularly focused on the ongoing development of renewable 
energy sources. 

This study emphasizes the qualitative estimation of the biomass generated by some 
perennials, which are suitable for cultivation under the conditions of the Republic of Moldova 
in terms of comparing their characteristics with those imposed by EN Plus 3 European 
standards. 

Biomass quality is one of the most important factors that affect the performance of 
the final product and serves as an argument to start a business that would produce densified 
solid biofuels in the given geographical area [6,7]. The most important characteristics of the 
biomass used for energy purposes refer to the combustion power expressed by the calorific 
value, the content of moisture, ash and volatiles, the content of C, O, S, N and Cl. 

It is also interesting to establish the content of the most important carbohydrate 
components of the biomass (lignin, hemicellulose and cellulose), the components that 
directly affect the quality of densified solid biofuels and the technological capacity to process 
and modify some properties by means of various thermochemical processes [1 pp. 26-28; 8]. 
The need for this study also derives from several researchers’ statements about the 
dependence of the properties and productivity of energy crops on the region where they are 
grown, their genotype and agricultural management [9, 10-12]. 

The paper aims to consider and experimentally verify the opportunity to use the 
biomass generated by the Miscanthus × giganteus (M. x giganteus) and Miscanthus sinensis (M. 
sinensis) genotypes as a raw material for the production of densified solid biofuels in the form 
of pellets and briquettes. 



N. Daraduda, Gr. Marian 135 

Journal of Engineering Science June, 2022, Vol. XXIX (2)

The Miscanthus biomass samples taken from the experimental fields of the Alexandru 
Ciubotaru National Botanical Garden (Institute) from the Republic of Moldova in 2020 and 
2021 served as the object of the research. 

The study was conducted within the SAUM Solid Biofuels Laboratory using standard 
methods testing densified solid biofuels. As a result of the speciality literature review and 
experimental results on the use of the Miscanthus biomass as a raw material in the production 
of pellets and briquettes, it has been noted that this energy crop is a safe source of raw 
material for the production of densified solid biofuels, as well as has some other uses in bio-
economy. 

Materials and methods 
Biomass selection, sampling and sample preparation. The biomass and densified solid 

biofuels in the form of pellets and briquettes from two Miscanthus genotypes: M. x giganteus 
Titan and M. sinensis were studied. Both types of biomass were taken from the experimental 
fields of the Alexandru Ciubotaru National Botanical Garden (Institute) of the Republic of 
Moldova. The samples were taken from the plantations, established in 2015. 

The biomass for this study was taken from the harvest of 2020, i.e. in the fifth year of 
vegetation. Biomass samples were harvested from several randomly selected middle cuttings 
using manual cutters (see Figure 1). The surface of the cuts was set at 2 m2, and the cutting 
height of approx. 5 cm. The samples were collected in two periods: in November, immediately 
after the initial onset of senescence and at the beginning of March of the following year 
(2021), before the start of the vegetation period. 

The biomass harvested in autumn was dried by the forced conversion method in the 
SAUM Solid Biofuels Laboratory Dryer, and the spring harvest was naturally dried right in the 
field. The moisture at harvest was determined for both types of samples. 

Figure 1. The process of harvesting the Miscanthus × giganteus biomass on the 
experimental field of the Alexandru Ciubotaru National Botanical Garden (Institute) from 

the Republic of Moldova in the spring of 2021. 

Samples were taken at random from whole reeds, per about 200 kg during both harvest 
periods. Both the samples taken in autumn and those taken in spring were initially coarsely 
ground with the help of the ROJEK 517 50 branch shredder, produced in the Czech Republic. 
Chip sizes after shredding ranged from 50 to 100 mm. 
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Biomass sampling for testing was performed after manual biomass homogenization in 
accordance with the requirements of SM EN ISO 18135: 2017. The biomass samples and final 
products in the form of pellets and briquettes were prepared according to the requirements 
of EN ISO 14780: 2017. Thus, five samples were prepared for each sample group. The samples 
had been shredded beforehand in the SV 7 shredder with a 6 mm mesh screen. 

Proximity analysis of the biomass. In order to be able to forecast the costs related to 
the biomass transportation and storage as well as to determine the biomass energy density, 
the bulk density of coarsely crushed biomass was determined immediately after harvest and 
estimated while the moisture content was 10% (reference moisture content for densified solid 
biofuels). 

The bulk density was determined according to the SM EN ISO 17828: 2017 standard 
using the 50-litre container. The size of the biomass after shredding ranged from 35 to 100 
mm. 

The bulk density of the biomass at harvest was determined by means of the following 
relation: 

𝐵𝐵𝐵𝐵𝑎𝑎𝑟𝑟 = 𝑐𝑐2−𝑐𝑐1
𝑉𝑉

, (1) 

where m1 is the mass of the empty container, kg; m2 is the mass of the container with the 
studied biomass sample, kg. 

The bulk density of the dry base was determined by the relation: 

𝐵𝐵𝐵𝐵𝑟𝑟 = 𝐵𝐵𝐵𝐵𝑎𝑎𝑟𝑟 · 100−𝑀𝑀𝑎𝑎𝑎𝑎
100

, (2) 

The bulk density for the given moisture content of the biomass was calculated as 
follows: 

𝐵𝐵𝐵𝐵𝑀𝑀% = 𝐵𝐵𝐵𝐵𝑟𝑟 · 100
100−𝑀𝑀𝑎𝑎𝑎𝑎

(3) 

where M is the moisture content at harvest,% 
The moisture content was measured immediately after harvest by drying in accordance 

with the requirements of the standard SM EN ISO 18134-3: 2017. Drying was performed by 
keeping the temperature stable (105 ± 2) o C in the German oven Memmert UNB 100 until the 
dry samples obtained the same mass. Before drying, the samples were shredded in the SM 
100 cutting mill, produced by the German company Retsch with a 1 mm mesh screen. 

The ash content was determined by thermogravimetric testing in accordance with the 
requirements of the standard SM EN ISO 18122: 2017. The samples to be tested were 
previously ground in the SM 100 cutting mill with a 1 mm mesh screen. Next, the crushed 
mass with a grain size of up to 1 mm was dried in the Memmert heat-adjustable oven to zero 
humidity, according to the SM EN ISO 18134-3: 2017 standard. Calcination of the samples 
had been done in the oven with an LH 05/13 socket for 6 hours at the temperature of 550 o C. 

The percentage of ash resulting from calcination was calculated using the following 
equations: 

𝐴𝐴𝑟𝑟 = (𝑐𝑐3−𝑐𝑐1)
(𝑐𝑐2−𝑐𝑐1)

∙ 100, (4) 

𝐴𝐴𝑀𝑀 = 𝐴𝐴𝑟𝑟 ∙ �
100

100−𝑊𝑊
�, (5)
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where A d is the dry ash content; AM  is the ash content with the moisture content of the 
biomass M %; m1 is the mass of the empty crucible, g; m2 the mass of the crucible plus the 
mass of the sample subjected to testing with 0% moisture, g; m3 is the mass of the crucible 
plus the mass of ash, g; W is the moisture of the analyzed sample,%. 

Figure 2. Sequences during miscanthus biomass analysis: a) bulk density; b) ash content; 
c) calorific value.

The content of volatiles for the studied samples V d, expressed as a percentage, in relation to 
the mass in the dry base shall be calculated by the following formula: 

𝑉𝑉𝑟𝑟 = �100(𝑐𝑐2−𝑐𝑐3)
𝑐𝑐2−𝑐𝑐1

− 𝑀𝑀𝑎𝑎𝑟𝑟� ∙ �
100

100−𝑀𝑀𝑎𝑎𝑎𝑎
� (6) 

where m1 is the mass of the empty ampoule with a lid, g; m2 is the mass of the ampoule with 
a lid and the tested sample before drying, g, m3 is the mass of the ampoule with a lid and 
non-volatile residues after drying, g; Mad is the moisture content of the analyzed sample in % 
determined in accordance with the standard SM EN ISO18134-3. 

Biomass energy capacity. To determine the possible amount of heat that could be 
obtained from the burning of the studied biomass, its combustion power was determined by 
measuring the higher calorific value and calculating the net calorific value and energy 
density. 

The highest calorific value was established in accordance with the requirements of the 
SM EN ISO 18125: 2017 standard by calcining the samples in the German isoperibolic 
calorimetric pump IKA C6000. 

The net calorific value was calculated for the samples with the moisture of 0 and 10%, 
tested at constant pressure by means of the following formulas: 

q p, net , d = q v, gr, d -212.2 ∙ w (H) d -0.8 ∙ [w (O) d + w (N) d ], (7) 

q p, net, M = 10% = q v, gr, d - (1-0.01M) -24.43M, (8) 

where qv,gr,d is the highest calorific value at the constant volume, J/g; qp,net,d is the net calorific 
value measured for the samples with the moisture content of 0, J/g; qp,net,M = 10% is the net 
calorific value for the samples with the moisture of 10%, J/g; w(H)d is the mass participation 
of hydrogen determined in the dry basis, %; w(O)d is the mass participation of oxygen 
determined in the dry basis, %; w(N)d  is the mass share of nitrogen determined in the dry 
basis, %. 
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Energy density was determined as the amount of energy stored per unit volume by 
means of the following relation: 

EdM = 0 = BDd ·qp,net,d. (9) 

EdM = 10% = BDM = 10% · qp,net,M = 10. (10) 

where EdM = 0 is the energy density of the dry base biomass; EdM=10% is the energy density of 
the biomass with the moisture content of 10%. 

The proportions of C, H, N, S and Cl were analyzed using the elemental analyzer Vario 
Macro Cube CHNS & Cl, produced by the German company Elementary. The samples with the 
known mass are completely burned until the formation of gaseous combustion products, 
which separate on a chromatographic column. 

The volatile matter content was determined for the Miscanthus samples, previously 
ground in the SM 100 cutting mill with a 1 mm mesh screen. The dimensions of the studied 
biomass particles did not exceed 1 mm and their mass was within (1 ± 0,1) g. The samples 
were kept for (7 ± 0,083) min in the oven with the LH 05/13 socket at the temperature of (900 
± 10) o C in accordance with the requirements of the standard SM EN ISO 18123: 2017. 

Results and Discussions 
Miscanthus is one of the perennial plants, which is among the most widespread energy 

crops, which can be potentially used as a raw material in the production of biofuels [13-15]. 
The energy potential of this crop is widely used in the United States and Europe, especially 
as a raw material for the production of biofuels [16]. Miscanthus is recognized due to its high 
socio-economic potential, perennial nature, high productivity and low cultivation 
requirements, since it can be cultivated extensively on soils, which are less suitable for other 
crops [17, 13]. The plant is resistant to diseases and pests [13; 4]. It is considered an effective 
plant for combating erosion; its cultivation can be carried out by means of agricultural 
techniques used in ordinary agrotechnical operations [18]. As it is a perennial crop, Miscanthus 
requires no circulation and can be cultivated for 15-20 years on soils less suitable for other 
crops [19]. 

Although Miscanthus seems to be a major candidate for the production of raw materials 
and continuous development of renewable energy sources from biomass, its production in 
the Republic of Moldova is at the initial stage, playing a minor role in national agriculture. 

At the moment there are  several registered varieties of Miscanthus thanks to the 
research carried out within the Alexandru Ciubotaru National Botanical Garden (Institute) 
from the Republic of Moldova. GIANT MISCANT, the Titan variety [20 p. 105] and four varieties 
of Miscanthus x giganteus (JM Greef & Hodk & Renvoize ) - Aphrodite, Athena, Atropos and Titan 
(B) are among them [21 p. 92].

The M. × giganteus is an interspecies triploid hybrid from the natural cross of M. sinensis 
(2n = 2x) diploid and Miscanthus sacchariflorus (2n = 4 x) triploid, the Poaceae family, rhizome 
group C4 native to East Asia, which was introduced to Europe in the early 20th century as an 
ornamental plant [2, 22]. It has an erect stem, which is 2.5–3.5 m long (it can reach 5 m) with 
linear leaves that are 50–60 cm long and 2.8–3.3 cm wide, the ligule truncated with hairs, 
which 2–3 mm long. The inflorescence is a panicle, which is 30–55 cm long with branches 
of 15–21 cm, the harvest is 18-27 t/ha [23 pp. 36]. Its widespread use for the production of 
biofuels in Europe was registered at the end of the last century [24, 16]. 
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The M. sinensis is a popular perennial herb, especially in warm areas, whose yields 
increase progressively in the first years of growth [25]. Generally speaking, the M. sinensis has 
characteristics, which are similar to those of the M. × giganteus genotype. However, it is an 
earlier species compared to the M. × giganteus and it is more tolerant to water stress. [26]. It 
has a lower yield than the M. × giganteus, with a lower aboveground biomass production [25], 
therefore the ability to use the M. sinensis genotype for energy purposes is less studied. 

The following are the results of the biomass quantitative and qualitative study, 
resulting from the cultivation of the M. x giganteus genotypes, Titan and M. sinensis cultivated 
under the conditions of the Republic of Moldova. Energy capacity, proximal and final analysis 
are considered the most important parameters for the evaluation of the biomass used in the 
direct combustion process. 

The main properties of the studied biomass are shown in Tables 1, 2 and 3. The values 
for the parameters presented in these tables represent the average calculated from five 
repetitions of each experiment and the confidence interval for each average value expressed 
as a standard deviation (σ) for the confidence level of 95% (α = 0.05) as 𝑥𝑥 = ±1,96 𝜎𝜎

√𝑛𝑛
. 

Moisture and ash content, volatiles and bulk density are considered as the elements of the 
proximal analysis. Carbon (C), hydrogen (H), oxygen (O), nitrogen (N), sulfur (S) and chlorine 
(Cl) are considered as final analyses. 

Table 1 
Proximity analysis of the Miscanthus x giganteus and Miscanthus sinensis biomass 

Biomass 
Mrec Ad Ar (M = 10%) Vd BDrec BDd BDM = 10% 

% kg/m3 
M. x giganteus titan (a.h.) 43.2 ± 6 2.79 ± 0.03 3.1 81.49 182.6 ± 8 103.7 115.2 
M.s x giganteus titan (s.h.) 18.4 ± 4 1.185 ± 0.1 1.32 83.65 142.4 ± 4 116.2 129.1 
M. sinensis (a.h) 49 ± 7 4.07 ± 0.2 4.22 83.44 180.4 ± 7 92.0 102.2 
M. sinensis (s.h.) 19 ± 3 2.21 ± 0.2 2.46 83.48 128.0 ± 3 103.6 115.2 

Note: M rec . is the moisture content of the biomass at harvest; Ad  is the dry ash content; A r (M = 10%) is the ash 
content calculated for the moisture content of the biomass equal to 10%; Vd is the volatile matter content; 
BDrec is the bulk biomass density estimated immediately after harvest; BDd  and BDM = 10%  is the bulk biomass 
density calculated in the dry base and for the moisture of 10% respectively; a.h. stands for „harvested in 
autumn”; s.h. stands for „harvested in spring”. 

Table 1 presents the results of the proximal biomass analysis generated by the two 
Miscanthus genotypes studied in this paper. Based on the analysis of the data from Table 1, 
it can be concluded that the moisture content of the biomass harvested in autumn, 
immediately after the initial onset of senescence, is significantly higher than that of the 
biomass harvested in spring, before the start of the growing season. Thus, the biomass 
harvested in autumn has a moisture content of approx. 2.5 times higher than the one 
harvested in spring (it is 45.2 ± 6 and 18.4 ± 4% respectively for the M. x giganteus and 49 ± 
7% and 19 ± 3% respectively for the M. sinensis. 

Having analyzed the data on the moisture content of the Miscanthus biomass studied 
in this paper, it can be concluded that the biomass harvested in spring can practically be 
processed directly into densified solid biofuels, without being further dried or by light drying 
under natural conditions.  

It is important to note that the ash content of the biomass harvested in spring is 
significantly lower than that of the biomass harvested in autumn, with a decrease from 2.79% 
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to 1.32% for the M. x giganteus biomass and from 4.07% to 2,21% for the M. sinensis. This can 
be explained by the fact that the spring harvest had fewer leaves than the autumn one, as 
well as by the increased content of various mineral microparticles in the biomass harvested 
in autumn. 

The volatile matter content is in the range of 81.49% in the M. x giganteus titan (a.h.) 
up to 83.65% in the Ms x giganteus titan (s.h.). The biomass of the M. sinensis practically 
showed the same volatile matter content of 83.44% for the biomass harvested in autumn and 
83.48% for the biomass harvested in spring. 

The bulk density of both M. x giganteus titanium and M. sinensis biomass harvested in 
spring, recalculated in the dry base and at the average processing moisture in solid biofuels 
(10%) is higher than that of the one harvested in autumn. Thus, the dry bulk density of the M. 
x giganteus biomass harvested in spring (116.2 kg/m3) is 16% higher compared to the biomass 
harvested in autumn (100.1 kg/m3). As to the M. sinensis biomass, the ratio between the bulk 
density of the biomass harvested in spring and that harvested in autumn is even higher 
(approx. 26%), increasing from 82 kg/m3 to 103.6 kg/m3. 

It should be noted that the bulk density of the Miscanthus biomass at harvest is 
inversely related to that previously established in the dry basis and for the moisture content 
of 10%. This is explained by the significantly higher moisture content at harvest of the 
biomass harvested in autumn compared to the biomass harvested in spring. This finding is an 
additional argument in favour of the autumn harvest of the Miscanthus biomass used in the 
production of densified solid biofuels. It should be also added that the biomass estimated 
directly after harvest, generated by the M. x giganteus has a bulk density of approx. 10% 
higher than that generated by the M. sinensis. 

Table 2 shows the energy capacity of the biomass generated by the studied Miscanthus 
genotypes expressed by both the calorific value and energy density. The term calorific value 
refers to the amount of heat released by the complete and perfect combustion of a unit mass 
of particles and the cooling of the flue gas to 25 o C. [1 p. 56]. It is necessary to estimate the 
combustion power of the biomass by means of the highest and lowest calorific values. 

Table 2 
The calorific value and energy density of the biomass generated by the M. x 

giganteus and M. sinensis varieties 

Biomass 
q V, gr, d q p, net, d q p, net, M=10% EdM=0 EdM=10% 

J/g MJ/m3 

M. x giganteus titan (a.h.) 18812.3 ± 245 
17496.0 ± 
252 15502.1 ± 124 1750.73 1723.57 

M.s x giganteus titan (s.h.) 19688 ± 198
18409.1 ± 
201 16578.3 ± 142 2139.1 2107.56 

M. sinensis (a.h) 18685.2 ± 90.5 
17552.8 ± 
112 15553.2 ± 99 1615.11 1590.13 

M. sinensis (s.h.) 19285.1 ± 175 
18140.7 ± 
176 16082.3 ± 156 1880.24 1852.10 

Note: 𝑞𝑞𝑣𝑣,𝑔𝑔𝑟𝑟,𝑟𝑟  is the highest calorific value at the constant volume; 𝑞𝑞𝑝𝑝,𝑛𝑛𝑒𝑒𝑛𝑛,𝑟𝑟 is the net calorific value in the 
dry base; q p, net, M = 10% is the net calorific value for the samples with the moisture of 10%; Ed M = 0 is the energy 
density of the biomass in the dry base; Ed M = 10%  is the energy density of the biomass with the moisture 
content of 10%. 
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The highest calorific value is the total amount of heat that can be obtained from the 
combustion of a unit mass, including that from the condensation and transformation of 
vapours into water. However, under real combustion conditions, the water resulting from 
combustion is removed in the form of vapours together with the combustion products, 
without yielding the combustion heat hidden in the condensate. Therefore, our study presents 
the highest and lowest calorific values in the dry base, i.e. for the zero moisture, and the 
lowest value for the moisture of 10%, considering the average humidity at the reception of 
densified solid biofuels. [1 p. 46-53]. The calorific value of the biomass is closely related to 
the variation of the chemical composition and ash content, which can be traced by 
synchronizing the data in Table 1 with those in Table 2. Similarly, having analyzed the data 
in Table 2, we can state that the biomass harvested in spring had a slightly higher combustion 
power than that harvested in autumn and dried by means of the method of forced conversion. 
Thus, the biomass of the Ms x giganteus titan (s.h.) and M. sinensis (s.h.), harvested in spring, 
showed higher calorific values of 19,688 ± 198 J/g and 19,285.1 ± 175 J/g respectively as 
compared to 18,812.3 ± 245 J/g and 18,685.2 ± 90.5 J/g for the biomass harvested in autumn. 

Taking into account the difference in moisture content of the biomass harvested in 
spring compared to the one harvested in autumn, it can be deduced that harvesting biomass 
in spring is more advantageous for a number of economic reasons because in such a case the 
moisture conditioning of raw material before densification can be partially or completely 
excluded. Another important conclusion, which results from the analysis of the data in Table 
2, is the possibility of obtaining densified solid biofuels with the combustion power at 
reception that corresponds to ENplus requirements, i.e. qr ≥ 15.5 MJ/kg - for briquettes and qr 

≥ 16 Mj/kg - for pellets [27].  
Table 3 summarizes the data obtained from the final analysis of the Miscanthus 

biomass. The final biomass analysis is extremely important as it has multiple effects, 
including the determination of the theoretical air-fuel ratio in thermal conversion systems in 
order to identify the thermal values and to know the level of environmental pollution. 

This study has shown that the carbon content of the M. x giganteus titan biomass does 
not differ much from that of the M. sinensis biomass, though the difference is noticeable 
depending on the terms of harvest. Thus, the biomass harvested in spring has a carbon 
content of approx. 5 ... 6%. Correspondingly the situation with the oxygen content is opposite, 
i.e. the biomass harvested in autumn contains more oxygen than that harvested in spring (the
difference of about 10%). The nitrogen content does not differ much depending on the
harvest season, but the M. x giganteus titan biomass has a much higher nitrogen content than
the M. sinensis biomass. It is necessary to mention that the studied biomass is in line with the
ENPlus requirements in terms of this indicator. This moment is extremely important because
the increased nitrogen content leads to the formation of nitrogen oxides (NOx) which favours
the formation of acid rain and smog [1 p. 75].

Table 3 
Final biomass analysis (mass participation, %) 

biomass C H N S Cl O (rest) 
M. x giganteus titan (a.h.) 46.51 6.04 0.44 0.04 0.03 44.19 
Ms x giganteus titan (s.h.) 49.07 5.86 0.47 0.04 0.04 43.38 
M. sinensis (a.h.) 46.01 5.17 0.28 0.06 0.03 44.41 
M. sinensis (s.h.) 49.01 5.23 0.27 0.05 0.03 43.02 
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A slightly increased sulphur content is noticeable for all biomass species. Although 
sulphur produces a large amount of heat when burned, its content in biofuels is limited to 
0.05% because it is considered unfriendly to the environment and has increased corrosive 
activity. The chlorine content is within the limits of 0.03 ... 0.04%, practically within the limits 
required by the ENPlus standards.  

Conclusions 
Laboratory analysis of the biomass generated by two energy crops, the M. x giganteus 

titan and M. sinensis, show that the biomass harvested in spring before the beginning of the 
growing season has a moisture content (18.4 ± 4% and 19 ± 3% respectively), which is 
significantly lower than in the case of the biomass harvested in autumn immediately after 
the initial onset of senescence (45.2 ± 6% and 49 ± 7% respectively), which allows us to 
conclude that the biomass harvested in spring can be processed directly into densified solid 
biofuels without being further additionally dried forcefully or under natural conditions. 

The biomass harvested in spring showed other high-quality parameters compared to 
those specific to the same type of biomass, harvested in autumn: respectively, the ash content 
for the M. x giganteus titan is 2.4 and it is 1.8 times lower for the M. sinensis; the calorific value 
at the moisture level of 10% was respectively 1.07 and 1.03 times higher; the energy density 
was respectively 1.22 and 1.11 times higher. 

The chemical analysis of the studied biomass showed that the chemical composition 
of the M. x giganteus titan biomass does not differ much from that of the M. sinensis biomass, 
but the difference is noticeable depending on the terms of harvest. 

The biomass used for the production of densified solid biofuels is recommended to be 
harvested in spring before the beginning of the growing season. 

Virtually all qualitative indices of the M. × giganteus biomass harvested in spring 
comply with the international ENPlus standards on densified solid biofuels, so it can be used 
as a raw material in the production of pellets and briquettes. 

The M. sinensis biomass has lower indices than the M. × giganteus biomass from both 
qualitative and quantitative points of view and can be used as a filler in the creation of various 
mixtures of raw material for the production of densified solid biofuels. 

According to the development prospects of renewable energy sources, Miscanthus is 
likely to be one of the important contributors of biomass used as a raw material in the 
production of densified solid biofuels under the conditions of the Republic of Moldova. 

The obtained results can be used by producers of densified solid biofuels as an 
argument for the use of the Miscanthus biomass as a raw material in the production of pellets 
and briquettes from plant biomass. Similarly, the results can serve as reference material for 
the argumentation of raw material mixtures based on Miscanthus. 
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Abstract. In this paper, the problem was to carry out a study on the process of mass 
production of biogas and to deduce the analysis of an example implemented in the 
wastewater treatment plant. The main problem is the correct processing of the activated 
sludge and the extraction of the biogas with its basic components. The method described in 
the paper is current as a technology in the biogas production industry by treating activated 
sludge from a wastewater treatment plant. For the extraction of biogas according to EU 
standards and the possibility to use it at each stage of extraction, methods and technologies 
specific to this process are used and explained. 

Keywords:  biogas, desulphurization, gas flare, co-generation unit, PLC, SCADA, automatic control. 

Rezumat. În această lucrare problema analizată a fost studiul procesului de producere în masă 
a biogazului, inclusiv pe baza   unui exemplu implementat în stația de epurare a apelor uzate. 
Problema principală este prelucrarea corectă a nămolului activ și extracția biogazului cu 
componentele sale de bază. Metoda descrisă în lucrare este actuală ca tehnologie în industria 
producției de biogaz prin tratarea nămolului activ dintr-o stație de epurare a apelor uzate. 
Pentru extracția biogazului conform standardelor UE și a posibilității de utilizare a acestuia 
în uz general, la fiecare etapă de extracție se folosesc metode și tehnologii specifice acestui 
proces, explicate în această lucrare. 

Cuvinte cheie: biogaz, desulfurare, ardere de gaz, unitate de cogenerare, PLC, SCADA, control 
automat. 

Introduction 
Anaerobic digestion of sewage sludge is a well-known, efficient and environmentally 

friendly technology that allows the production of energy in the form of heat, electricity and 
fuel for vehicles, as well as the stabilization and reduction of sludge volume. The production 
of biogas in a wastewater treatment plant can be done in different ways, but the result 
depends on the correct operation of this system, with well-chosen equipment [1]. 

Original Biogas is the term used for the mixture of gases (methane, hydrogen and 
carbon dioxide, etc.) of biogenic origin that arise from the processes of fermentation or 
gasification of various organic substances. These gases are used by combustion as an energy 
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source (biogenic energy). The energy obtained from this chain, biomass → biogas → 
electricity and heat, is called renewable energy, for the following reason: carbon dioxide 
released into the atmosphere by burning biogas, is an amount at most equal to the amount 
assimilated by plants or feed consumed of animals, in their vegetal period. According to the 
Kyoto Protocol, this is a closed circuit of carbon dioxide, unlike fossil fuels (methane gas, 
coal, crude oil) which burn carbon dioxide which was assimilated many thousands of years 
ago. Typical sewage sludge comprises primary sludge separated from wastewater during pre-
settling and excess biological sludge from the activated sludge system [2]. The characteristics 
of sewage sludge differ somewhat in different countries and areas, for example, due to water 
consumption and local industry. The total solids content (TS) is usually low and the volume 
of sludge is higher than if some of the water is removed before sludge treatment. Biological 
stabilization of sludge aims at the degradation of solid volatiles (VS), the organic content of 
the sludge, and the subsequent decrease of the sludge volume. Moreover, nitrogen and 
phosphorus content are important, especially when the stabilized sludge is reused as fertilizer 
or as a soil improver. Sewage sludge contains readily biodegradable materials and its typical 
methane production potential is approximately 300-400 mᶟ / tVSadded [3]. The amount of 
wastewater collected through sewerage networks in Moldova is constantly increasing, so the 
amount of treated water increases, causing an increase in the amount of sludge processed 
and thus an increase in energy consumption specific to wastewater treatment and sewage 
sludge. In the coming years, the conditions for disposal and disposal of waste will be 
tightened in accordance with European regulations. Sludge resulting from the treatment 
process is classified as non-hazardous waste, which is allowed for storage. Improper 
treatment of sludge in landfills can lead to its disposal in authorized landfills. The use of 
renewable energy sources has a negligible impact on the environment, they emit greenhouse 
gases. Even if by burning, the biomass eliminates an amount of CO2, this amount is absorbed 
by it during its growth, the balance being zero. At the same time, these technologies do not 
produce hazardous waste. 

Biogas utilisation plant 
Within this part of plant, the following plant components has to be controlled: 

- Gas Desulphurization;
- Gas Holder;
- Gas Booster station;
- Gas Flare;
- CHP-units.

The produced gas is a product of the anaerobic sludge stabilization which has a
specific energy content of about 6.4 kWh/m³ because of its methane content. Due to this fact 
the gas can be used as fuel in combined heat and power stations after a pre-treatment. 
Therefore, the treated biogas is foreseen to be used for burning in a CHP unit which are 
providing the required heat for the dewatering pre-heating but also for heating the buildings. 
The combined heat and power unit generates additionally electrical energy which will be 
used in the wastewater treatment plant. If the produced gas is not required for heating 
purposes and the gas cannot be used for the CHP and also the storage capacity of the gas 
holder is exceeding, then the excess gas has to be burned by the gas flare without electrical 
and thermic usage. So consequently the gas flare plant is used as a security unit. 
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Gas desulphurization 
The function of the biogas desulphurization system is removing H2S from biogas 

biologically. The control philosophy overview is: 
a) The gas produced in each digestion tank will be collected on one biogas line and pass

through the gravel filter located in Gas Room which is for coarse gas cleaning. The
gravel filter also serves to separate and drain off condensation in the digestion gas.
After the gravel filter, biogas passes through a desulphurization plant will be installed
where the gas is undergone a desulphurization process. The biogas flowrate will be
measured on the biogas line just before the desulphurization system. This flowmeter
controls the operation of the aeration blower of the desulphurization system in order
to prevent supplying excess air to the desulphurization unit.

b) Desulphurization system is the biological type and mainly consist of following
components:

- Two centrifugal recirculation pumps;
- Two nutrient feeding pumps for biomass media;
- One blower for providing air to the biomass media;
- Hot water system including hot water pump;
- Ambient ex-sensors for controlling the leakage in control room.
c) The control of the whole plant will be carried out by an own local control panel is not

part of the main PLC program. Status of operation and faults has to be transmitted to
SCADA [4]. Biogas quality at the outlet of the desulphurization unit will be monitored
with an inline biogas analyzer with following parameters:

- CH4, H2S, CO2, O2.

Biogas holder
The function of the biogas holder is an intermediate storage of biogas. After the

desulphurization plant, the gas holder tank follows. The gas holder tank is directly integrated 
in the main gas pipe. There are two automatic condensate traps installed prior to and right 
after the gas tanks. These condensate traps are placed in a small chamber in front of gas 
holder. The removed and collected condensate flows into the drainage line which is 
transferring the drainage to condensate pumping shaft which also collects the drainage from 
desulphurization unit and gas room. Condensate collected from biogas utilization plant is 
pumped into the existing internal pipeline with the help of condensate pump. The control of 
the condensate pump takes place by two level switches placed in the shaft. The task of the 
gas holder is to store intermediately the peak gas production during the day so that the CHP 
can be fed with gas also in times when the gas production is low. The gas holder is equipped 
with level measurement transmitter. These are required for the control of the gas holder, gas 
flare and gas boiler as well as combined heat and power unit [5]. Biogas Holder is equipped 
with one blower which is functioning continuously in order to maintain the rigidity of the 
outside membrane of gas holder and maintain the necessary pressure in the biogas system 
over the interior membrane. Furthermore, the Biogas Holder is equipped with a mechanical 
excess pressure safety device for security reason.  

This safety device compensates and balances every unusual pressure which is beyond 
the allowance. Several pre-set values have to be created and adjusted in the SCADA system, 
to ensure a proper operation of the gas utilization plant. So the level detector is quite 
important for the biogas management. 
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Biogas booster blowers 
The function of the biogas booster blowers is delivering the biogas to CHP’s with 

requested pressure. A ceramic filter will be provided on the biogas line after the biogas holder 
in gas room for further filtering of humidity in the biogas before sending it to the CHP’s. Two 
gas blowers are installed in gas room in order to feed the biogas to two CHP-units. Capacity 
of the gas blowers are selected as to serve one CHP unit in his maximum capacity. These gas 
blowers are equipped with frequency converters in order to adjust the speed in accordance 
with the capacity signal (50-100%) receiving from CHP unit. A fine tuning related to the CHP 
capacity and blower speed will be done during commissioning phase. During operating with 
one CHP unit, an automatic exchange between duty and stand-by aggregate has to be 
provided to get even or similar operation times by a timer. In case of a failure at the duty 
aggregate, the stand-by aggregate takes over the job automatically. During operating with 
two CHP’s, both of the blowers will function in accordance with the capacity signals (50-
100%) receiving from two CHP units. 

The following prerequisites have to be met for the operation of the biogas booster 
blowers in Automatic mode: 

- The high temperature switches on the blower bearing are not activated and there is
no other fault with the equipment;

- The low pressure switches on the suction side of the blowers are not activated;
- The high pressure switches on the discharge side of the blowers are not activated;
- The level in the biogas holder is not at or below Low level;
- Biogas quality (CH4 and H2S) is acceptable.

Figure 1. Biogas room [14]. 

Local control panel(s) for the biogas blowers shall be located in gas room, including an 
emergency stop button, automatic / manual switch and, for each device, safety separators, on 
/ off buttons, motor speed control button, motor speed display, operation signals, fault / alarm 
shall be available [7]. The selector switches at the distribution board have to be in “AUTO” 
position in order to have the possibility of automatically operation. The demand for operation 
of the gas blower(s) in “AUTO”-mode will come from the CHP unit(s) when enough biogas is 
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stored within the gas holder for CHP operation (level is above low level). In case biogas 
blowers were in function (together with CHP’s) when the level dropped below the Low level, 
biogas blowers will remain in function until the closing cycle of the CHP’s are completed 
(switch off signal will come from CHP unit(s). Discharge of each blower is equipped with flow 
failure switch. In case of no flow is observed on the discharge line of the blower after a pre-
set amount of time (e.g. 5 sec), blower will stop immediately and an alarm will be triggered 
on PLC/SCADA system for operator’s check [11].  

Biogas flare 
The function of the biogas flare is burning excess biogas in case of an emergency. The 

combustion of biogas is carried out in the emergency flare, if the gas is not consumed by one 
of the gas consumers and the gas tank is filled up. The Gas Flares are switched on and off 
according to level in the biogas holder. Please refer to Biogas Holder chapter for conditions 
of switching on and off of the gas flare. When the starting signal is received from the biogas 
holder, the gas flare will first ignite the pilot light with opening pilot valve (Figure 2).  

The flame detection is effected through a signal produced by the Thermocouple 
mounted inside the pilot and controls the burning process as follows: 

- If the flame detector fails to recognize any flame the main gas valve closes and an
alarm is generated;

- In case of successful ignition (thermocouple reaches 80 ˚C), system opens the main
gas valve, switches on the biogas flare blower and ignites the main burner of the flame
of the pilot burner.

Figure 2. Desulphurization system, Biogas holder, Biogas flare [14]. 

The automatic control belongs to the local control panels of the gas flares and is not 
part of the main PLC program. 

Cogeneration building 
The function of the cogeneration building is utilization of the biogas for thermal and 

electrical energy production. The control philosophy overview is: 
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a) Control philosophy overview – CHP units
The operation of the CHP-units is carried out by their local control panel. Start and

stop signals for CHP-units will be sent by the main PLC according to the filling degree of the 
gas holder supervised by the level measurement. Quality of the biogas measured after 
desulphurization unit will also have a control over the operation of CHP-units; if CH4 or H2S 
quality is not acceptable for a certain amount of time (e.g. 2 hours – time that may change 
the content in gas holder), CHP unit will not be allowed to function. After upgrading the 
existing control panels of the CHP Units with biogas operation, it will be also possible to 
adjust the capacity of each CHP-unit from PLC/SCADA system by sending 4-20 mA signals to 
the local control panel of each unit. Capacity of the CHP-Units will be used to control the 
frequency of the biogas blowers that will feed the “Active” CHP-Units. A fine tuning on the 
CHP-Unit capacity and biogas blower operation frequency will be done during commissioning 
and will be integrated into PLC system for coordinating the operation of both equipment 
which are placed in separate buildings. The generated power will be synchronized with the 
network and be fed via the step up transformer to the Medium voltage switchboard. 

b) Heat recovery system of CHP units
Hot water circuit for dewatering pre-heating system consists of one twin hot water

circulation pump, one automatic 3-way-control valve and one temperature sensor in the 
heating water return line. Twin hot water circulation pump for dewatering pre-heating 
delivers the water to the dewatering pre-heating heat exchanger. This twin pump is equipped 
with frequency converter. Operation of the twin hot water pumps for building heating is done 
manually by the operator. Twin hot water pump will function continuously with a frequency 
pre-set by the operator on PLC/SCADA when the switch of the twin pump is set as 
“Remote/Auto” on his local control panel. Operation signal from the twin hot water pump 
should start the aero term ventilations located in these buildings automatically. 

c) Cogeneration building
A gas detector for CH4 and smoke is placed at the cogeneration building. Signals of

this gas detector have to be transferred to PLC / SCADA for alarm, indication and recording 
purposes. In case that 20% limit value is detected in present gas concentration: start 
operation of the room ventilation until no gas (methane) is detected anymore in the 
cogeneration building and a warning will be triggered – high gas level is monitored and 
operated by the PLC program. In case that 40% limit value is detected in present gas 
concentration: close the motorized butterfly valve on the biogas feeding line to the CHP-
Units and all drives within the corresponding places will be switched off immediately [15]. 

Conclusions 
The energy recovery of the sludge from the municipal treatment plants must also 

constitute for the Moldavian operators, a technological priority beneficial for the environment 
and for the reduction of the final costs of wastewater and sludge treatment, presenting the 
following advantages: 

• The risk of environmental pollution with organic pollutants, viruses and pathogens is
completely eliminated due to high temperatures during the heat treatment process;

• The sludge from municipal wastewater treatment can be exploited energetically even
for a low organic load of the influent, being able to obtain an energy gain of over 30%
of the electricity consumption of the treatment plant, so a proportional increase in
energy efficiency by 30%.
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• In addition to the energy gain from final sludge treatment, the resulting amount of
waste decreases significantly from dehydration to ash by more than 15 times,
proportionally reducing transportation and storage costs.

References 
1. Moldovan A., Nuca I. Automation of Wastewater Treatment Plant, SIELMEN 2019.Moldova, Chisinau.
2. 10th technical assessment on the Urban Waste Water Treatment Directive (UWWTD) implementation 2016

European review and national situation. https://op.europa.eu/en/publication-detail/-/publication/d90014c6-
c578-11ea-b3a4-01aa75ed71a1/

3. Einola J.-K.M., Luostarinen S.A., Salminen E.A., Rintala J.A. Screening for an optimal combination of municipal
and industrial wastes and sludges for anaerobic co-digestion. In: Proceedings of the 9th World Congress on
Anaerobic Digestion, 2001, vol 1. Antwerpen, Belgium, pp. 357–362.

4. Milici L.D., Milici M.R. “Applications of monitoring and data transmission systems”. Didactic and pedagogical
publishing house, Bucharest, 2014, ISBN 978-973-30-3639-5, 202 page.

5. Walnut Elijah, Electric Drives, Course Guide. [RO]
6. Panaitescu Mariana, Wastewater treatment techniques. sew-age treatment plant design guide; Nautical

Publishing House, 2011
7. Water purification processes and equipment; Romania, University “Petru Maior” TG. MUREȘ, 2011
8. Caraman S., Luca L. Advanced control strategies for biological wastewater treatment processes.
9. DECISION No. 950 din 25-11-2013 for the approval of the Regulation on the requirements for collection,

treatment and discharge of wastewater in the sewerage system and / or in water bodies for urban and rural
localities. [accessed 24.02.2022]. Available:
https://www.legis.md/search/getResults?doc_id=120783&lang=en.

10. DECISION No. 833 of 10-11-2011 on the National Program for Energy Efficiency 2011-2020. [accessed
24.02.2022]. Available: https://www.legis.md/search/getResults?doc_id=110334&lang=en.

11. Virginia Ivanov Integrated monitoring and control systems for electrical equipment, Universitaria Publishing
House, Craiova, 2008 [RO]

12. William Bolton, Programmable Logic Controllers. https://www.etf.ues.rs.ba/~slubura/Procesni
%20racunari/Programmable%20Logic%20Controllers%204th%20Edition%20(W%20Bolton).pdf

13. Ciuru T. Modern Automation Equipment and Industrial Technological Equipment. Documentation,
programming and practical application guide. Technical Publishing House - INFO, Chisinau 2009. [RO]

14. Personalized documentation within a company.
15. Production of biogas at wastewater treatment plants and its further application. [accessed 25.02.2022].

Available:
https://www.researchgate.net/publication/322335429_Production_of_biogas_at_wastewater_treatment_pla
nts_and_its_further_application

https://www.etf.ues.rs.ba/


Journal of Engineering Science Vol. XXIX, no. 2 (2022), pp. 151 - 160 
Fascicle  Food Engineering ISSN 2587-3474 
Topic Food Industry and Management eISSN 2587-3482 

Journal of Engineering Science June, 2022, Vol. XXIX (2)

https://doi.org/10.52326/jes.utm.2022.29(2).15 
UDC 621.798.147:339.37:004 (430) 

TECHNOLOGICAL INNOVATIONS AS DRIVERS OF RETAIL 4.0 – HOW RFID 
COULD IMPROVE RETURNABLE BOTTLE LOGISTICS IN THE GERMAN 

BEVERAGE INDUSTRY 

Stan Lukas Bührdel1, ORCID: 0000-0003-3610-1877, 
Patrick Siegfried2*, ORCID: 0000-0001-6783-4518 

1Baden-Wuerttemberg Cooperative State University (DHBW), Coblitzallee 1-9, D-68163 Mannheim, Germany 
 2International School of Management GmbH, Mörfelder Landstraße 55, D-60598 Frankfurt/Main, Germany 

*Corresponding author: Prof. Dr. Dr. Patrick Siegfried, patrick.siegfried@ism.de

Received: 04. 03. 2022 
Accepted: 05. 15. 2022 

Abstract. This research paper discusses how RFID technology could improve current deposit 
bottle logistic processes in food retailing and which obstacles impede successful 
implementations. Research Methodology include desk research: Library, EBSCOhost, 
wiso.net, Google Scholar, Scientific Journals, Statista, SpringerLink. Implementation of RFID 
is potentially beneficial, but same obstacles remain outlook. To validate the conclusion 
further studying and practical proof of concept are necessary. Contributions: supply chain 
management, return logistics, food retail, beverage industry. 

Keywords:  deposit bottle, food retailing, return logistics, reusable packaging, RFID. 

Rezumat. Această lucrare analizează modul în care tehnologia RFID ar putea îmbunătăți 
procesele logistice actuale ale sticlelor de depozit în comerțul cu amănuntul a alimentelor și 
obstacolele care împiedică implementările de succes. Metodologia cercetării include 
cercetare de birou: Library, EBSCOhost, wiso.net, Google Scholar, Scientific Journals, Statista, 
SpringerLink. Implementarea RFID este potențial benefică, dar rămân anumite obstacole. 
Pentru a valida concluzia, sunt necesare studii suplimentare și dovada practică a conceptului. 
Contribuții: managementul lanțului de aprovizionare, logistica returului, retail alimentar, 
industria băuturilor. 

Cuvinte cheie: sticla de depozit, vânzare cu amănuntul de alimente, logistică retur, ambalaje 
reutilizabile, RFID. 

Introduction 
Logistics are currently undergoing a process of change, foremost due to technical 

innovations. Radio Frequency Identification (RFID), the main driver of the change, is a very 
promising technology that can be implemented to solve the challenges arising in the logistics 
sector. RFID systems have been used for several years and can now be considered a mature 
technology. Nowadays, they are being implemented in numerous different areas. The strong 
growing prevalence of RFID in Europe is illustrated in the figure below. 
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Figure 15. RFID adoption on the rise in Europe [1]. 

By nature, many logistics systems are very complex. A particularly sophisticated logistic 
system constitutes the reusable beverage container system in Germany. Therefore, not only 
good delivery logistics must be provided, but also complex return logistics [2]. Because of a 
growing diversification of the beverage containers’ shapes and sizes, the logistical effort, e.g., 
in sorting, is strongly increasing. The sorting of the reusable containers is often carried out 
by hand and is thus labor and cost-intensive. Despite its complexity, the reusable beverage 
system is highly appreciated by politicians because it aligns with the environmental policy 
goals to decrease the use of packaging, allows to save resources, and has a positive impact 
on the environment [3]. Reusable systems are becoming more and more common in Germany. 
Consequently, the effort the retail sector must make is increasing noticeably. This is also the 
case for other stations of the comprehensive logistics system. Because of this need for 
improvement, the question arises to what extent RFID technology could help to optimize 
these sophisticated logistics systems and thus reduce the costs in local trade [4]. The focus 
lies on efficiency, that is to say on the optimization of the logistics system [5]. Relevant 
reference factors for this are time, space requirements, personnel requirements, and costs. In 
the following research paper, findings on this question are to be brought together, compared 
and weighed up to conclude on RFID systems in reusable bottle logistics. 

1. Literature review and hypothesis development
RFID is a widely applied technology in logistics; therefore, many different publications

can be found on issues surrounding the use of RFID systems in logistics processes, also with 
a focus on the use and implementation in the retail industry. A deeper examination of this 
topic reveals that most case studies and research papers only deal with the consideration of 
delivery logistics [6]. However, case studies that also examine the effects on return logistics 
are much rarer. In addition, the individual studies on RFID in return logistics often deal with 
cases of pool systems up to the retailer level, such as the Euro pallet system [7]. In countries 
like Germany, however, there are also pool systems that go down to the consumer level. The 
most prominent example of this is the returnable deposit system for beverage containers 
such as beer bottles or water bottles. These bottles, made of glass or PET, run in an even 
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more complex cycle than the before-mentioned Euro pallets. The reason why this system is 
even more complex is due to a large number of different types of containers, which are 
difficult to take back and to sort. Furthermore, there are often returned by customers in a 
shop that is different from the shop of original purchase [8]. 
Since such a logistics system has not yet been discussed in a research paper that I know of, 
this paper takes this as an opportunity to deal with the question of how useful it would be to 
implement RFID technology at the item level in a returnable bottle system. To answer this 
question, the existing literature on RFID in retail logistics is analysed. Potential opportunities 
and risks of such an implementation are highlighted and a conclusion is derived from this. 
Before we take a closer view into the effects of RFID implementation in supply chains, the 
technology should be explained to ensure a solid ground of understanding. 

1.1 Explanation of RFID Technology 
A system using RFID which is the abbreviation for Radio Frequency Identification 

consists of two major components: a tag and a reader [9]. The electronic tag is affixed or 
embedded in an object and contains historical, transactional, or identifying data. This data 
can be wirelessly downloaded to a computer if an RFID reader is near the tag. After this point 
where the gathered information is loaded onto a computer, the data can travel anywhere on 
the internet [10].  

Figure 16. Picture of RFID tags [11].

There are two different types of tags. Active RFID tags are battery-powered. Passive tags have 
no power source. Therefore, they require electromagnetic power transmitted by the reading 
device to enable information exchange [12]. Each type of RFID tag has its advantages and 
disadvantages. The active tag provides a higher reading accuracy but has a costly price point 
due to increased complexity. Besides active tags are less robust and more difficult to be 
integrated with packages [12]. On the contrary passive tags have a simple structure, are more 
robust, last longer in storage, radiate less energy, and are cheaper [12]. 
Nowadays RFID tags can be complemented with RFID sensors. If these RFID using circuits are 
combined in a label this enables further functionality such as food quality monitoring. The 
following Figure 3 gives an overview of the different purposes and functionalities. 
As you can see an RFID-based sensor system can combine identification with sensing 
purposes that can measure changes in physical parameters [12]. The enabling technology 
behind these additional functions is smart materials, which are responding to the physical 
change of environmental factors. 
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Figure 17. The framework of chipless RFID sensors in food packaging [12].

Smart materials are the fundamental elements of chipless RFID sensors. They react to 
changes in environmental factors such as humidity, temperature, the concentration of gases, 
pH, and light [12]. On the technical side, those functions are realized by changes in electrical 
properties [12]. While sensing purposes can be used to surveillance of freshness the 
identification part can be used to deliver sales, location, and demand structure information. 
[13]. These characteristics make combined RFID sensors with tracking and quality monitoring 
especially interesting for the food retailing industry. 
Now that we have defined and explained RFID technology, I am going to review the different 
works of literature in this subject area.  

1.2 Literature Review 
Some of the earlier literature about RFID implementation focused on practical goals, 

such as reducing labor requirements and spoilage through efficient inventory management 
[14]. Despite uncertainties about costs and dispersion, the major retailers were very hopeful 
and expected to save billions of dollars if goods were equipped with RFID across the board, 
as this would make it easier to prevent theft [15]. Another issue that arose at the beginning 
of this millennium was the definition of common guidelines and standards. With the choice 
of EPCglobal in 2003, however, standardization was established [16]. 
A key challenge that acts as an inhibiting factor to widespread deployment is the price per 
RFID tag. Although the price of cheap, mass-produced RFID tags has fallen from €0.50 in 
2007 to between €0.10 and €0.15 in 2010, RFID labels are still too expensive for item-level 
tagging despite the sharp drop in price over these three years [11]. This observation also 
serves as an explanation for the fact that retailers like Metro, which were initially very 
optimistic, do not have item-level tagging yet, as shown in the figure below. 
Nevertheless, the prices per tag are currently still a degree too high, the RFID technology has 
come to stay, and the experience shows that the most innovative and adaptive retailers are 
discovering many new use cases besides typical inventory tracking [1]. New use cases could 
outline an overall positive effect on retailer’s profitability. 
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Figure 18. RFID roll-out phases at Metro [13].

In the case of multiple used returnable deposit bottles, there is a different view on the RFID 
tag price because the label costs can be allocated to the number of circulations. This means 
that slightly higher label costs are less of a problem. 

1.3 Hypothesis development 
If we take into consideration that the sorting process after the return of the bottles at 

the deposit vending machine is still very labor-intensive and requires manual work RFID-
based automation appears as a suitable solution to optimize the handling with returnable 
bottles. Additionally, the results of other RFID implementation projects have proven a 
positive effect on efficiency and profitability several times.  
This induces me to formulate the following hypothesis: An area-wide implementation of RFID 
for returnable beverage bottles would lead to a significant increase in efficiency and 
profitability of this pool system. 

2. Research methodology
To fulfil the standards of proper research, it is essential to carry it out through

appropriate data collection in terms of quality and quantity. The data used for this research 
paper consists of a collection of theoretical data. Theoretical data includes literature, journal 
articles, and internet documents. 
The used literature and further resources were gathered through using different scientific 
search engines, for instance, the DHBW library, EBSCO, Google Scholar, Springer Link, and 
wiso.net. Subsequently, the main arguments were outlined and opposed. Advantages and 
disadvantages were weighed. In the conclusion, the personal view was brought in to draw an 
outlook. 
There are two main ways to execute a research assignment, deductive or inductive. This 
research is deductive, which follows the approach of seeking truth by looking from different 
directions. Therefore, the deductive way of researching tests primarily existing theory [13].  

3. Results and discussions
To be able to make a balanced statement about whether implementation of RFID

would be beneficial, the following comparison of arguments for and against it is presented. 

3.1 Challenges and Obstacles with RFID 
• Besides the smart tags themselves, the other main cost components are the stationary

readers and the corresponding IT infrastructure. The tag cost is variable, while the
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installation of the readers and the adaptation of the IT infrastructure are primarily 
fixed costs [17]. 

• The collaboration leads to a continuously increasing complexity in handling
information along supply chains due to a larger extent of data necessity and flow [13].

• Studies have identified cost-sharing as an obstacle; it is not symmetrically distributed.
Looking at the supply chain as a whole, the dilemma becomes clear: item-level
labeling seems to offer the greatest potential for the retailer but is the most expensive
solution for the manufacturer who is best able to apply the labels [17].

• Cyber security risk: Attackers can read, misuse, falsify, destroy, or damage by
mechanical means, remove or render unusable by shielding data exchanged between
RFID tags and readers. Possible consequences would be a misuse of information, price
manipulation, and product piracy [18].

• Technical problems, disturbances in the labeling of cans and other metal-containing
products have not yet been solved [16].

• Rather than profitability, the central problem is sometimes that the critical mass of
participating suppliers is not reached, as it happened to Rewe’s RFID project "PERL"
that was discontinued in 2007 for this reason [19].

• If there is a mix with items that are not RFID-tagged they will drag the efficiency of
the store down by an amount that exceeds its ‘share’, so it should be considered to
change all items from barcode to RFID at the same time [20].

• Further the following technical characteristics are implying the limitation of the RFID
technology [12].

o Reading accuracy is dependent on multiple factors and sometimes fail
o Reading range is limited to very few meters
o Conformability (Performance on flexible packaging) hasn’t been widely tested
o Fabrication/Production: Cost reduction and high-volume output is still

challenging
o Data capacity is technically limited
o optimal tag placement on the item unclear [21]

• Especially with returnable bottles made of glass or PET the effect of RFID labels on
their recyclability is likely to be negative [12]. It can be assumed that RFID labels have
to be detached before recycling.

• Returnable bottles are thoroughly cleaned after a return. It is unclear whether
adhesive RFID labels survive a cleaning cycle undamaged. If not, this would have a
significant impact on the financial calculation of cost allocation in circulation.

• In implementing RFID there are five major struggles and roadblocks:
(a) lack of technical expertise, [22]
(b) the complexity of the technology, and [22]
(c) uncertainty of the technology [22].
(d) identifying the right suppliers and partners [1]
(e) quantifying the value of RFID [1]

3.2 Potential and Benefits with RFID 
• Retailers are seeing the benefits of RFID in generating massive amounts of data that

fuels insights, facilitate greater accuracy of inventory, and it is a key enabler of
omnichannel capabilities [1].
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• Applying RFID technology additionally enables monitoring food quality inside the
individual packages which helps retailers and consumers with the handling of fresh
food [12].

• From the customer’s perspective shopping becomes a more convenient experience,
thanks to the wide range of RFID applications. It is conceivable that customers will be
able to call up additional product information or even cooking recipes via the RFID
chip [9].

• Advantages for the customer: In a matter of seconds, the scanner at the checkout reads
all the codes without having to unload the goods from the shopping cart and place
them on a belt [23].

• For retailers: many inventory-relevant work steps can be enormously simplified and
accelerated, thus liberating personnel capacities. At goods receipt, it is no longer
necessary to scan individual pallets or products; instead, by passing through an RFID-
powered receipt gate, a complete delivery can be booked into the inventory - virtually
without any time delay [24].

• Case studies show that by implementing RFID systems the quota of container losses
is reduced [25].

• RFID-enabled processes are more efficient due to the elimination of errors caused by
manual verification [10].

• RFID in logistics systems reduces shrinkage and improves cash flow by quicker billing
because quantities can be easily compared and reconciled instantaneously [10].

• The very notable potential to reduce the out-of-stock rate of suppliers' products which
implies a large savings potential, as the average stock-out rate vary between 7-10
percent [14].

• A study using the regression analysis with Cobb–Douglas production function shows
that RFID retailers have higher labor to gross income elasticity than their non-RFID
counterparts, indicating that RFID retailers have higher labor productivity [26].

• Consequently, because of the higher labor productivity a lower number of workers is
required, which is viewed positively due to the increasing shortage of skilled workers
[27].

• New research by Accenture states retailers that have fully adopted RFID are reporting
more than 10% return on investment [1]

• Further they found that retailers that have engaged with suppliers on source tagging
are seeing a higher return on investment (16% higher) than those who have not [1].

• With reusable and recyclable RFID transport containers a great cost-efficiency can be
achieved because the same transponder can be utilized several times [14].

The following Figure shows the development of the potential cost for RFID labels if they can 
be reused on circulating deposit bottles.  

Figure 5 implicates that the price of one RFID label becomes less relevant in a reusable 
container system. As a result, the mentioned benefits overweigh the disadvantages on the 
pricey side. Therefore, an implementation of RFID seems to be more attractive than first 
assumed. The prerequisite is that the RFID labels are not damaged when the containers are 
cleaned. This is unclear for adhesive labels. Molded-in RFID tags, on the other hand, do not 
pose any problems when it comes to cleaning. Besides variable costs, there are additional 
launch costs for computer software and RFID reader hardware, which are about 1000 € per 
reading device [12]. 
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Figure 19. Cost development of RFID labels used on circulation reusable bottles. (own 
graphic) 

Because of these pertinent set-up costs, the recommendation is to run a proof of concept 
first. If the first initiative shows successful outcomes a wider adoption process should be 
started. 

Conclusion 
After taking a closer look at the RFID-based supply chain process, various challenges 

and opportunities were illuminated. The reviewed literature stated consistently that the 
implementation of RFID in supply chains increases the efficiency of related logistic processes. 
[28] Despite increased efficiency, a positive effect on the profitability of the companies using
RFID was unclear for quite some time.[29]  The latest data shows a positive double-digit
return on investment when RFID has been implemented. [1]
In the case of the specific system of reusable deposit bottles there lies an interesting
opportunity for further optimization in retail logistics. Even though there are some obstacles
and unanswered questions, the considered case is attractive in the sense that the advantages
on the item level take effect in interaction with slighter cost disadvantages, due to reusability.
Furthermore, in the current operating process, there is a substantial amount of labor tied to
the manual sorting of bottles. Due to automatization, this labor could be liberated, and costs
reduced. As a conclusion, I recommend setting up an empirical proof of concept to discover
if the theoretical approach is also practically correct.

Limitation 
This research paper only provides a narrow scope of how RFID works and where 

chances and opportunities lie and propose an idea of an interesting case for further analysis. 
Because reverse logistics are complicated and I do not have sufficient knowledge in this area 
of logistics, I can’t predict barriers that arise in the practical implementation. Therefore, I 
propose to use this provided idea to turn it into a limited proof of concept to validate if it’s 
also empirical sensible to implement RFID in reusable bottles 
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Abstract. The paper investigated the influence of microorganisms on the quality of Oettinger 
and Timișoreana beer, in the context of improving the manufacturing methodology of the 
finished product. Two types of yeast were used for fermentation: Oettinger and SAB-5. At the 
end of the fermentation process, the microbiological sample was selected to determine the 
anaerobic bacteria harmful to the beer. Various methods of seeding and sampling were 
analyzed, such as seeding on several types of media: Wort, Endo and NBB-A, media used to 
determine the types of microorganisms present at each stage of production. As the level of 
free amino acids (FAN) is a significant indicator of the completion of the fermentation process, 
the influence of FAN on the dissociation of yeast and diacetyl content was also analyzed. 
Subsequently, at the end of the fermentation process, microbiological growths were 
determined. 

Keywords: OT-Oettinger and TM-Timișoreana beer, microorganisms, yeast, culture media, bacteria 
Pectinatus, FAN - free amino acids. 

Rezumat. Lucrarea a investigat influența microorganismelor asupra calității berii Oettinger și 
Timișoreana, în contextul îmbunătățirii metodologiei de fabricație a produsului finit. Pentru 
fermentare au fost folosite două tipuri de drojdie: Oettinger și SAB-5. La sfârșitul procesului 
de fermentație, proba microbiologică a fost selectată pentru a determina bacteriile anaerobe 
dăunătoare berii. Au fost analizate diferite metode de însămânțare și prelevare, precum 
însămânțarea pe mai multe tipuri de medii: Must, Endo și NBB-A, medii utilizate pentru 
determinarea tipurilor de microorganisme prezente în fiecare etapă de producție. Deoarece 
nivelul de aminoacizi liberi (FAN) este un indicator semnificativ al finalizării procesului de 
fermentație, a fost analizată și influența FAN asupra disocierii conținutului de drojdie și 
diacetil. Ulterior, la sfârşitul procesului de fermentație, au fost determinate creşteri 
microbiologice. 

Cuvinte cheie: bere OT-Oettinger și TM-Timișoreana, microorganisme, drojdie, medii de cultură, 
bacterii Pectinatus, FAN - aminoacizi liberi. 
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Introduction 
Beer is a finished product obtained by a biotechnological process in which yeast is 

used to convert fermentable carbohydrates from the wort into ethyl alcohol, carbon dioxide 
and other secondary compounds. Beer yeast belongs to the Ascosporogene group, the 
Saccharomycetaceae family, the genus Saccharomyces cerevisiae [1]. In 1970 Lodder 
describes Saccharomyces cerevisiae cells as being spheroidal, sublimed, ovoid, ellipsoidal or 
cylindrical to elongation, which appear alone in pairs, occasionally in short chains or groups. 
Cells can be grouped into three classes by size. A large type, 4,5-10,5 x 7,0-21,0 µm (microns); 
a small cell type ranging from 2,5-7,0 x 4,5-11 µm and an intermediate cell group measuring 
3,5- 8,0 × 5,0-11,0 µm. Some yeast may form filaments which can be up to 30 mm long. The 
yeast cells of beer fall into either of these categories; however, they tend to be quite large 
cells, a consequence of polyploidy.  A critical parameter in brewing is the correct management 
of yeast between fermentation, as the characteristic flavour of any beer is largely determined 
by the yeast strain used and the composition of the wort [2]. 

The most commonly used beer yeast belongs to the genus Saccharomyces cerevisiae 
due to some essential characteristics for the brewing process, such as high efficiency ethanol 
production, the metabolism of sugars using the preferential fermentation path based on the 
presence of Crabtree (glucose breathing suppression) and its ability to tolerate many 
environmental stress (primarily the presence of ethanol). The quality of any beer is mostly 
determined by the used yeast strain and, as a result, currently are being analyzed new yeast 
strains in order to obtain innovative beers.  

Beer yeasts are classified in two categories Ale and Large yeasts also known as high 
fermentation and low fermentation yeasts [3]. In the production of "ale", the yeasts of which 
belong to the species Saccharomyces cerevisiae traditionally lead to "peak fermentation", 
where the yeasts accumulate on the surface of the fermentation wort and the temperature at 
which they ferments is 14 to 25 °C [4,5]. 

The fermentation process of beer is influenced by yeasts whose objective is to 
metabolize sugars in ethanol, carbon dioxide and a variety of secondary metabolites that 
greatly influence chemical composition, colour and sensory quality.  Minor metabolites, which 
are produced by the yeast of beer and which influence the quality of the beer are: esters, 
higher alcohols and acids which contribute positively to the flavour. These myriads of minor 
components characterize a brand of beer and make it identifiable for a drinker. The chosen 
yeast must also control the removal of undesirable aromatic components from raw materials 
or from fermentation. Much of this aroma improvement is taking place at maturation [5,6]. 

In brewing, the most commonly used input products are Saccharomyces cerevisiae (ale 
beer) and Saccharomyces pastorianus (lager beer). Their widespread use is primarily due to 
the repression of glucose respiration (Crabtree-positive) and the preference for the 
fermentative pathway, the efficient production and tolerance of large amounts of ethanol, 
the production of desired flavours, and the absence of toxin production [6,7]. In Figure 1. is 
shown the metabolic activity of Saccharomyces that influences the quality of beer. This 
simplified scheme summarizes the main metabolic pathways related to the modulation of 
beer flavour by Saccharomyces [8]. 

The aroma profiles of beer can be attributed mainly to biochemical activities during 
fermentation in the yeast cell, in which the sugars in the must are converted into ethanol and 
volatile compounds, such as alcohols and higher esters, which are intermediates and 
secondary products of yeast metabolism. These volatile compounds are different from the 
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aromatic compounds present in malt and hops and have a significant impact on the aroma 
and taste of beer. Ethanol and 𝐶𝐶𝐶𝐶2 are the primary by-products formed during fermentation, 
other yeast-derived active aromatic compounds are carbonyls (aldehydes / ketones), higher / 
fusible alcohols, esters, fatty acids, organic acids and sulphur compounds. The two main 
classes of nutrients that influence the performance of brewer's yeast are carbohydrates and 
nitrogen compounds [5,9]. 

Figure 1. Overview of Saccharomyces metabolic activities that influence beer quality [8]. 

Yeast strains and many carbohydrates during brewing process (glucose, sucrose, 
fructose, maltose, galactose, refiner, and maltotriosis) can be used and the main characteristic 
which distinguishes "ale" and "lager" yeasts is the capacity of "lager" yeast for fermentation 
of melibiose. The generalized pattern of sugar absorption begins with the absorption of the 
simplest sugars (glucose and fructose), followed in the increasing order of complexity of 
disaccharides (maltose) and trizaccharides. As regards nitrogen compounds, the main function 
of malt is to provide yeast-like nitrogen sources, which are amino acids, ammonium ion, and 
some di- and tri-peptides [5]. The majority of the must-free amino nitrogen (FAN) is used by 
the yeast to form the proteins needed to increase yeast. However, the level and composition 
of FAN in the must has a significant influence on higher alcohol, ester, vicinal dictation and 
𝐻𝐻2𝑆𝑆 formation due to the function of amino acid metabolism in the formation of these 
aromatic compounds [10]. 

Fermentation conditions are ideal for bacteria to grow, and contamination can delay 
or extend fermentation and cause various flavours and odours. Typically, specific gravity, pH 
and flavour are checked during preparation, and microbiological analysis is performed only if 
problems occur during fermentation [9]. 

Methodology 
In this paper, beer production schemes and micro-organisms that may develop in some 

technological processes were analysed. Micro-organisms may be beneficial to production in 
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some cases, and in others may cause damage to the finished product or performance which 
will pose a risk to human health, which would run counter to the quality requirements of all 
producers and required by consumers. 

The analyses have been carried out on the basis of two types of beer Oettinger and 
Timișoreana. Their basic parameters are: alcohol, pH, quantity of 𝐶𝐶𝐶𝐶2 and quantity of 𝐶𝐶2, 
antibacterial compounds resulting from the addition of boiling hops. Beer wort is a by-
product that can be used by microorganisms as a substrate for development. Beer on the 
other hand is less beneficial for the development of microorganisms. Because of the high 
alcohol content, the low oxygen content, the high content of 𝐶𝐶𝐶𝐶2, the izo-α-acid and β-acid 
content, which are antiseptic substances. All microbiological analyzes was carried out under 
the "Olympus" type of microscope. 

Thus, the latest generation equipment from the economic entity was used in the 
research process, which allows to analyse and research of all aspects of the finished product 
in detail, the experimental results obtained being subject to further analysis. 

Results and discussions 
Initial parameters were determined at the beginning of the experiments on the 

determination of micro-organisms in beer to ascertain whether conditions were favourable 
for the development of certain micro-organisms. The tables  below show the general 
parameters of the beers examined,  the fermentation process that  was carried out at the first 
boiled must (Table 1) and further after the second must (Table 2). 

Table 1 

General parameters of bottled Oettinger and Timisoreana beer 

Physico - chemical indices Timişoreana Oettinger 

Permissible limits 
after MEBAK and SM 

143:2001 Beer. 
National 

assortments 
[11 - 15] 

Ethyl alcohol, % vol, la 20 °C, 4.90 ± 0,42 5.24 ± 0.13 5.1 ÷ 5.7 
Bitter, IUB 21 ± 0.78 17 ± 0.59 18 ÷ 22 
pH-log𝐻𝐻+ 4.39 ± 0.18 4.41 ± 0.17 4.0 ÷  4.6 

𝐶𝐶𝑎𝑎+,mg/l 29 ± 0.59 28 ± 0.59 40 ÷ 80 
Density, 1.00907 ± 0.006 1.00751± 0.006 - 
Extract, P P 11.4 ± 0.42 12.23 ± 0.17 12.0 ÷ 12.4 
Concentration of 𝐶𝐶𝐶𝐶2, w/w 0.53 ± 0.13 0.56 ± 0.13 0.49 ÷  0.57 
Concentration of 𝐶𝐶2 0.084 ±  0.051 0.054 ± 0.042 - 

The general parameters obtained are within the permissible norms according to the 
MEBAK standard and SM 143:2001 Beer. National assortments [11 - 15]. 
In this paper the values of FAN (FAN- free amino nitrogen) and diacetyl were determined. The 
sum of the nitrogen compounds bioavailable in must is represented by free amine nitrogen. 
Excessive FAN content can lead to problems with taste and microbiological stability of beer. 
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Table 2 

General parameters of bottled Oettinger and Timisoreana beer 

Physico - chemical indices Timişoreana Oettinger 

Permissible limits 
after MEBAK and 

SM 143:2001 
Beer. National 
assortments 

[11 - 15] 
Ethyl alcohol, % vol, la  20 °C, 4.95 ± 0,17 5.19 ± 0.16 4.7 ÷ 5.3 

Bitter, IUB 20 ± 0.59 19 ± 0.68 16 ÷ 24 

pH-log𝐻𝐻+ 4.39 ± 0.17 4.45 ± 0.15 3.9 ÷ 4.6 

𝐶𝐶𝑎𝑎+,mg/l 29 ± 0.59 30 ± 0.59 35 ÷ 50 

Density, 1.00527 ± 0.004 1.00823± 0.006 - 

Extract, P P 11.19 ± 0.17 12.31 ± 0.17 10.85 ÷ 11.35 

Concentration of 𝐶𝐶𝐶𝐶2, w/w 0.56 ± 0.13 0.57 ± 0.14 0.51 ÷ 0.59 

Concentration of 𝐶𝐶2 0.089 ±  0.042 0.077 ± 0.069 - 

Brewer's yeast and wild yeast ferment excess amino acids in long-chain alcohols 
(propanol, iso-butanol). FAN levels are also a good indication of the completion of 
fermentation. FAN monitoring with the DR6000 will help to overturn tanks more quickly once 
FAN levels are sufficiently low. The typical FAN content is 200 - 250 mg / L in must and 10 - 
120 mg / L in beer. 

The concentration of FAN (Table 3 and 4) also directly influences the dissociability of 
diacetyl. Thus to analyse this interdependency, the determination of FAN in the must was 
carried out and how the dissociation of diacetyl from the yeasts took place in the 
fermentation process. 

Table 3 

Values of FAN at first fermented wort at temperature of 17 °C. 

Date of the 
experience 

Value of FAN The admissible value 
of FAN in wort after 

MEBAK [11]. 

Measure-
ment 
unit Oettinger wort Timişoreana wort 

19.10.2021 217± 0,5 200 ÷ 250 mg/L 
Table 4 

Values of FAN second fermented wort at temperature of 17˚C. 

Date of the 
experience 

Value of FAN The admissible value 
of FAN in wort after 

MEBAK [11]. 

Measure-
ment 
unit Oettinger wort Timişoreana wort 

19.10.2021 224± 0,5 200 ÷ 250 mg/L 
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The general parameters obtained are within the permissible norms according to the 
MEBAK standard [11]. 

Concentration of diacetyl is important to be determined because during the 
fermentation of the yeast, 2-acetolactate and 2-acetohydroxybutylate appear during 
fermentation. By oxidation, they are transformed into vice, diacetyl and 2,3-pentanedione 
dicetones. However, diacetyl may also appear as a characteristic metabolic product of 
microorganisms. The beer produces an altered flavour when content of vicious dicetone is 
too high. This often results in a candy flavour of burned sugar and butter or an oily sensation 
in the mouth that is unpleasant for the consumer. The target value for blond beer is less than 
0.05 mg / kg. 

Figure 2. The quantity of diacetyl formed during fermentation of the first wort, at which 
the FAN value is 217 mg/dm3. 

Figure 3. The quantity of diacetyl formed during fermentation of the second wort, at 
which the FAN value is 224 mg/dm3. 
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Figure 2 and 3 represent the decrease amount of diacetyl according to the FAN 
concentration in the beer wort. The value of diacetyl is an indicator of the finishing 
fermentation process. At the end of fermentation, the yeast enters what is known as the 
stationary phase. This phase takes place when the beer goes through a maturation process 
to develop the right balance of flavours. One of the key elements of maturation is the 
reduction of di-acetyl. Not only does yeast produce the di-acetyl precursor, it also consumes 
the produced di-acetyl and reduces it enzymatically. The yeast reabsorbs di-acetyl from the 
medium and converts it into acetoin and later into 2,3-butane-diol, both with high flavour 
thresholds (difficult to detect), so as a result  neither contributes much in terms of flavour 
[16,17].  But the amount of diacetyl is influenced by several parameters such as: 𝐶𝐶𝑎𝑎2+ ions, 
of  𝑍𝑍𝑛𝑛2+, sulphur ions and the initial amount of free amino nitrogen of the must. Also the 
level of di-acetyl is influenced by: the temperature at which the fermentation takes place, by 
the bacterial contamination, by the yeast strain, by the level of aeration [18,19].  

To control the aroma and quality of beer, breweries rely on several tests to prove and  
maintain consistency. Brewers' associations and government agencies have established 
guidelines for testing specific parameters that are important for determining and controlling 
beer quality. We emphasize a key parameter for brewing - Free Amino Nitrogen (FAN). FAN 
testing is part of the quality control analysis of standard brewing, because they allow the 
estimation of protein content and serve as an indicator of beer quality [20,21]. 

The general FAN content of the wort may affect the absorption rate of the valine and 
thus the production of diacetyl. The larger is initial FAN content both the maximum 
concentration of diacetyl during fermentation will decrease [11].  

Experience has shown that a small decrease in the quantity of FAN will lead to a 
reduction in the amount of diacetyl initial during fermentation, as faster absorption of 
preferred amino acids of yeasts takes place, resulting in higher demand for valine and its 
increased absorption due to lower competition for interactions. Figures 4 and 5 show the type 
of yeast used for the fermentation of the wort for the beers analysed. 

Figure 4. Oettinger yeast used for the 
fermentation of Oettinger beer. 

Figure 5. SABB-5 yeast used for the 
fermentation of Timișoreana beer. 
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Determination of microbiological increases at the end of the fermentation process. 
The possibility of infecting beer with microorganisms is possible at any stage of 

production. Thus, to ensure that a quality finished product is produced, it is necessary to keep 
all production processes under control. 

Two types of high fermentation yeasts (Oettinger and SAB-5) were used in the 
fermentation process, which at the end of the fermentation process with the help of cooling 
jackets fitted to the cubic-tapered tanks were subjected to cooling and sedimentation at the 
bottom of the tanks to collect them. After the yeast collection has taken place, the 
microbiological sample for the determination of bacteria and the presence of yeasts has been 
selected. The results of the seeding are represented in figure 6. Here we can see the presence 
of yeast colonies [19, 22]. 

Microscopic findings have shown that the colonies of yeast obtained from the sowing 
of the fermented must are of culture.  Visual analysis of this conclusion can be sufficient, 
because the yeast colonies were white, consistent and glossy. Wild yeast colonies are usually 
small in diameter and have a white to transparent colour, appear to be aqueous [23, 24]. 

In Figure 6 (b) is microscopically represented a colony of yeast raised on the Wort 
medium. In this picture we can see large and medium diameter yeast cells, their cell wall is 
smooth and cell organs are not seen inside the cells. Thus, we can see that the yeasts 
presented are pure culture yeast and that they are young yeasts. Old yeasts are yeasts whose 
cell wall is rough, cells are large and cell organs are observed inside the cell. These yeasts 
look like they would crack soon. The expression of young yeasts takes into account that yeasts 
are used in the first stages, and are the first generations of yeasts used in the manufacturing 
process [25, 26]. 

a) b) 
Figure 6. Wort sowing results after fermentation process: a) cultural characteristics; 

b) morphological characteristics.

Microbiological inoculations were also performed to determine the anaerobic bacteria 
harmful to beer. The determination of anaerobic bacteria harmful to beer is performed on 
NBB-A medium (Figure 7, 8) and the use of Anaerolult to achieve an anaerobic environment, 
by the absorption of oxygen by Anaerocult and the elimination of carbon dioxide, the ideal 
environment for the development of Pectinatus bacteria.  
Today most breweries are trying to trace Pectinatus bacteria, because beer as a finished 
product is not favorable for the development of many other micro organizations such as L. 
Patentis, L. lindneri, Ped. Damnosus and others. The ideal growth environment for Pectinatus 
bacteria is in the filling unit and on the filling unit. Oxygen is not needed for the development 
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of these micro-organisms, on the contrary, it requires a 𝐶𝐶𝐶𝐶2. Pectinatus are relatively acidic 
and tolerant to ethanol [22 - 24].  

From the results obtained after inoculation on NBB-A medium under anaerobic 
conditions for TM beer, no increase was registered, that indicates that the beer is not infected 
with microorganisms harmful to beer. Thus the product obtained will not present any risk of 
damage to the appearance and gustatory qualities. 

Figure 9. Microscopic results of colonies raised under anaerobic conditions. 

The second seed was Oettinger beer. Several colonies have been grown after seeding 
and thermostats of the samples for 10 days. Thus, for the identification of the types of 
microorganisms that have developed, it was necessary to perform staining according to Gram. 
Following the test, it was identified that the grown microorganisms are Gram-negative (Fig.9). 
Following the study, we determined that Pectinatus bacteria are Gram negative bacteria but 
also that they appear individually, in pairs or in short chains. 

Figure 7. Bacterial growth on the anaerobic 
environment of the OT beer. 

Figure 8. Results of increases on the NBB-A 
anaerobically environment of TM beer. 
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Conclusion 
The concentration of diacetyl in the fermentation process must reach values lower 

than 0.1 mg/l, otherwise the beer will have a buttery taste and an oily consistency. Following 
the determinations of the diacetyl concentration, the values were lower than 0.1, so the 
fermentation process was finished.  

The FAN values were analysed and identified in the first and second fermentation 
must, where the determined values must be within the permissible limit of 200-250 mg/l, 
which was demonstrated by obtaining values of 217 and 224 mg./l for the first must of 
fermentation and respectively for the second must. 

The importance of determining the FAN indicator lies in the fact that this index is 
perceived as a good parameter for anticipating the healthy development of yeast, viability, 
vitality and fermentation efficiency, which results in a higher quality of beer.  

In order to determine the microorganisms, general parameters were determined in the 
Oettinger and Timişoreana beers, which fall within the admissible values according to the 
MEBAK standard.  

Following the microbiological control, the presence of culture yeasts in the 
fermentation process was determined, which is not a problem, because the beer filtration 
process is planned in such way as to retain the tube as well as microorganisms such as yeasts. 
The amount of yeast added has to provide 12-15mil cells / ml must. The yeast we add has to 
ensure the start of the fermentation of the whole mass after 12-16 hours at 6ºC. In some 
cases the amount of yeast must be higher (in the case of higher density musts), and in that 
environment a higher number of cells is required to be added. 

Moreover, the presence of Pectinatus bacteria in the finished product was also 
analysed. Following the anaerobic incubations in Oettinger, there was ascertained that the 
number of colonies increased, but in Timişoreana they were not observed. Due to the fact 
that there was no acidification or disturbance in the storage of Oettinger beer for a long 
period of time, we can conclude that the grown colonies were not Pectinatus bacteria. 
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Technical University of Moldova.
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