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Abiogenic Metals in Medicine. Insights from Theoretical Studies of the Mechanisms of
Action of Silver (I), Strontium (II), and Gallium (III)
Nikoleta Kircheva1*, Stefan Dobrev1, Valya Nikolova2, Silvia Angelova1, Todor Dudev2
Institute of Optical Materials and Technologies “Acad. J. Malinowski”, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria 1
Faculty of Chemistry and Pharmacy, Sofia University “St. Kl. Ohridski”, 1164 Sofia, Bulgaria 2
nkircheva@iomt.bas.bg
Abstract: Almost half of all known to date proteins contain metal co-factors. Over the course of 3–4 billion years of organism evolution,
several metal species of different oxidation state (Na+, K+, Mg2+, Ca2+, Zn2+, Mn2+, Fe2+/3+, Co2+/3+, Ni2+ and Cu+/2+) have been chosen to
participate in key biological processes. They are known as “native”, or “biogenic” metals. On the other end stand toxins like mercury and
lead, which poison the recipient by competing with the natural co-factors for binding the essential proteins. As a third example, however,
should be outlined some abiogenic metal species, which exert a curative effect on the host organism, and are, therefore, applied in medicine
as novel drugs. Such are silver (Ag+), strontium (Sr2+), and gallium (Ga3+). The current study investigates their ability to compete with the
native cuprous (Cu+), calcium (Ca2+), and ferric (Fe3+) cations, respectively, by exploiting the methods of the computational chemistry.
Nowadays, silver finds broad application in many areas of medicinal use, e.g. being added to dressings of burn wounds as a concomitant
therapy of skin ulcers, as a potential water disinfectant, or even in ophthalmology as an active component in eye drops. Strontium prevents
the destruction of bones and contributes to their restoration. Sr2+ salt of ranelic acid is a medication (under the names Protelos, Protos,
Strontium ranelate Aristo) used for treatment of osteoporosis in postmenopausal women and very elderly patients. Gallium, in its cationic
form (Ga3+), is well known for its anticancer activity. Nonetheless, recent experimental studies have considered the employment of gallium
as a promising “Trojan horse” strategy against pathogenic microorganisms. Herewith, we set on a quest for deciphering the most acclaimed
mechanisms of therapeutic action of the aforementioned metal cations at atomic level. The obtained results shed light on the intimate
mechanisms of metal recognition, thus revealing key factors governing the processes of native/abiogenic metal rivalry. This approach serves
not only for explaining already existing experimental findings, but also as a first step in designing/engineering novel drug molecules of
potential therapeutic value.
Keywords: METAL SELECTIVITY, THERAPEUTIC EFFECT, SILVER, STRONTIUM, GALLIUM, COMPUTAIONAL CHEMISTRY, DFT
from WHO Ag+ could be employed as a water disinfectant[6]. In
ophthalmology, the precious metal is an active component in eye
drops. Being in the monovalent group 11 triad, silver is expected to
be able to compete with copper (in the form of cuprous ions, Cu+)
for binding in the center of its proteins. Strontium is positioned
along with calcium in the group 2 of the periodic table. Therefore, it
finds use in the Ca2+-coordinating structures, thus preventing the
destruction of bones and contributing to their restoration. Under the
names Protelos, Protos Aristo, strontium ranelate (Sr2+ salt of
ranelic acid) is a medication used for treatment of osteoporosis in
postmenopausal women and very elderly patients[7]. Gallium, in its
cationic form (Ga3+), has been known for its anticancer activity
since the middle of the twentieth century[8]. Nonetheless, recent
experimental studies have considered the employment of gallium as
an innovative “Trojan horse” strategy against multi-drug resistant P.
aeruginosa, A. baumannii and M. tuberculosis[9]. Its mechanism of
both antitumor and antibacterial effects stems in its ability to
compete with the native ferric ion (Fe3+) for binding with particular
enzymes, aiming at specific fast proliferating cells. Using the
methods of the theoretical chemistry, we have tried to shed light on
the suggested competition between the biogenic and alien metal
ions. This approach has proven to be quite reliable in order to reveal
specific metal-ligand interactions at atomic level.

1. Introduction
Since the beginning of time, humankind has struggled not only
to understand the laws of nature but also to apply them for the
general benefit, thus developing prioritized sciences such as
medicine and pharmacy. Nowadays a variety of organic/ peptide/
polypeptide compounds are the most common examples of “drugs”.
Inorganic substances, however, such as metal salts or complexes,
can also possess curative effect and, consequently, find application
in treating health disorders. Metal cations are indispensable players
in building about 40% of all known proteins, being therefore
essential for protein structure stabilization, hormone secretion,
enzyme catalysis, blood coagulation, signal transduction,
photosynthesis and respiration. Over the course of 3-4 billion years
of evolution biological function has been bestowed on about two
dozen metal species known as “biogenic” or “native” ions. Among
them the most common are Na+ , K+ , Mg2+, Ca2+ and Zn2+ and the
redox-active transition metal cations Mn2+/3+/4+, Fe2+/3+ and
Cu+/2+[1], [2]. On the other end stand toxins like mercury and lead,
which poison the recipient by competing with the natural co-factors
for binding the essential proteins. As a third example, however,
should be outlined few alien metal cations with no known vital
functions in humans, that exert therapeutic effects based on their
similarity with some cognate metals. They are applied in medicine
as novel drugs. In this report we focus on silver, strontium, and
gallium (Ag+ , Sr2+ and Ga3+, respectively) that have been an object
of investigation of our group for some time.

2. Computational Methodology
Models used
Computational and theoretical chemistry serves as a first step in
computer design of new drugs. It reveals important tendencies and
is applied to outline dependencies in the reactions. It suffers,
however, some limitations due to restrictions in computational time
and resources. Therefore, it is of great importance to employ
reliable models for the bigger molecular structures. Thus, amino
acids are modeled as their shorter counterparts keeping the metalbinding moieties in closest proximity since the electrostatic
interactions play the most crucial role in coordination chemistry.
Therefore, it is widely accepted to substitute Asp-, Glu-, Ser, His
and Cys- with CH3CH2COO-, CH3CH2CH2COO- CH3CH2OH,
(CH3)-imidazole and CH3S- respectively, while the metalcoordinating backbone peptide group is modeled as Nmethylacetamide (CH3CONHCH3). The metal-binding moieties in
the corresponding proteins were structured in accordance to
available data in PDB (see below).

Fig. 1 Chemical forms of the applied in medicine complexes of the three
investigated in this study metal cations AgNO3(A), Sr-ranelate(B) and
Ga(NO3)3(C).

Silver finds broad application in many areas of medicinal use,
since it possesses antifungal[3], antiviral[4], and antibacterial
activities[5]. It is added to dressings of burn wounds, serving as a
concomitant therapy of skin ulcers. According to a recent report
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Reactions Modeled
The aim of the conducted study is to delineate the ability/
disability of the abiogenic cations to compete with the native ones
along with the distinct conditions that may favor a different
outcome. Consequently, the reactions were modeled as a
competition between a native metal bound to a protein surrounding
(NMe-Protein) and an attacking abiogenic metal coming from the
solution (AMe-hydrated). As a result, the alien contender removes
its counterpart by binding to its ligands (AMe-Protein), while the
native ion proceeds to the solution (NMe-hydrated). This reaction
can be generalized for the three studied cations as follows:
NMe-Protein + AMe-hydrated → AMe-Protein + NMe-hydrated
(reaction 1)
The competition between the metals can be expressed in terms
of the change in Gibbs free energy upon replacement of the cognate
cation bound to the site by the alien one. A positive free energy
change for reaction 1 implies a native metal-selective site, whereas
a negative value suggests an outer cation-selective one.
DFT Calculations
The Gaussian 09[10] package of programs was employed in
order to perform all calculations. As the study focuses on three
different groups of metal cations, a specific approach had to be
applied in each case. Hence, a particular combination of method/
basis set was chosen, namely B3LYP/6-31+G(3d,p) in addition with
an empirical dispersion; M06-2X/6-311++(d,p); B3LYP/631+G(3d,p) for the Ag+/Cu+, Sr2+/Ca2+, and Ga3+/Fe3+ competition,
respectively. The SDD basis set/effective core potential for the
heavier Ag+ and Sr2+ was employed in the calculations. All
structures underwent full optimization and frequency analysis. No
imaginary frequencies were found, and the evaluated thermal
energies, ETH, along with the zero-point energy and entropy, S, were
retrieved. They were implemented in the equation:

Fig. 2 B3LYP/6-31+G(3d,p)//SDD optimized structures of Cu+
(pink)/ Ag+(grey) with models of (A) histidine; (B) backbone; (C)
cysteine, and free energies of metal exchange (in kcal mol -1). The
upper index indicates the dielectric constant of the media.
The results clearly show that the presence of cysteine strongly
promotes silver‟s attack on the protein (highly negative values of
the Gibbs energies of metal exchange in Figure 2C). This is most
probably due to silver‟s greater preference toward soft Lewis bases
such as the sulfur atom. On the other hand, neutral N-, and Ocontaining ligands such as histidine or the peptide residue from the
backbone protect the native cuprous ion from alien attack (positive
∆G values in Figure 2A and 2B). Interestingly, the effect of the
dielectric constant of the media is not very strong.

∆Gε = ∆Eelε+ ∆Ethε − T∆Sε (eq.1),

Strontium / calcium competition

where the ∆ symbol stands for the difference between the products
and the reactants. All reactions were considered under temperature
of T=298.15K. The upper index ε stands for the dielectric constant
of the medium, corresponding to ε=1 (gas phase), ε=4 (deeply
buried in the protein shell center), ε≈30 (relatively exposed to the
medium protein center), and ε=78 (water). The solvation effects
were accounted for by using the solvation model based on density
(SMD)[11] continuum dielectric model at the same level of theory.
Either a full optimization of each structure in the corresponding
solvent was conducted (in the case of the Ag+/Cu+and Ga3+/Fe3+
competition), or a calculation through a thermodynamic cycle was
employed (for the Sr2+/Ca2+ rivalry). In the second case, additional
single point calculations at the same level of theory were employed
and the following equation 2 was used:

Fully optimized models of Ca2+/Sr2+-loaded CD and EF sites
of parvalbumin (PA) are shown in Figure 3. Both metals were
coordinated by seven ligands. The glutamates in positions 62 (CD
site) and 101 (EF site) bind Ca2+/Sr2+- in a bidentate mode, while
the other carboxylic groups coordinated the metals in a
monodentate manner, corresponding to the observed in the X-ray
structure 1PAL.

∆Gε = ∆G1 + ∆Gsolvε ([Sr2+-Ligands]) − ∆Gsolvε ([Ca2+-Ligands]) −
∆Gsolv78 ([Sr2+-hydrated]) + ∆Gsolv78 ([Ca2+-hydrated]) (eq.2).
This different approach is indispensable as all three studies
investigate distinct metal cations possessing specific qualities. The
chosen calculation protocol was thoroughly validated and calibrated
according to provided in literature experimental data.

3. Results and Discussion
Silver/ copper competition
Silver stays close to the trace metal copper in organisms.
Therefore, we modeled the Ag+/Cu+ competition where the
otherwise redox-active copper is in its mono cationic form
corresponding to multiplicity of 1. A detailed checkup in literature
shows that hisitdines, cysteines and amino-acid residues from the
backbone usually surround the cuprous ions. Hence, we investigated
the effect of the different ligands around the native cation, as well
as the influence of the media. All results are shown in Figure 2.
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substituted with the redox-inactive abiogenic cation. The reaction of
metal exchange in both of RR‟s binding sites is given in Figure 4.

Fig. 3 M06-2X/6-311++G(d,p)//SDD optimized structures of
Ca2+ (light green)/ Sr2 (orange) - loaded CD (A), EF (B), EF with
8-coordinated Sr2+(C, D), sites of PA, and free energies of metal
exchange (in kcal mol-1). The coordination number is indicated in
parentheses in the complex name. Sr2+ acquires an additional bond
at the expense of either bidentate Asp binding (C) or an additional
water molecule (D). The upper index indicates the dielectric
constant of the media.
The free energies calculated upon substitution of Ca2+ for Sr2+
(∆Gε in Figure 3) have positive values confirming that Sr2+ binds
more weakly to the both sites of PA than does Ca2+, in accord with
the experimental observations[12]. Notably, the free energies of
metal exchange for the CD site were smaller than those for the EF
site (1.2/1.6 vs 4.1/2.3 kcal mol-1, respectively). This result is in line
with the experimental finding that the difference in Ca2+/Sr2+affinities of the CD site (Ka equals 4x109 for Ca2+ and 2x107 M-1 for
Sr2+) is smaller than that for the EF site (Ka equals 4x109 for Ca2+
and 2x106 M-1 for Sr2+). Furthermore, the theoretical results indicate
that changes in the dielectric constant slightly affected the metal
competition for the CD site (similar ∆G4 and ∆G29 values for buried
and solvent-exposed binding sites, respectively; Figure 3A),
whereas a decrease in the dielectric constant enhanced EF site
protection against Sr2+ attack (∆G4 exceeds ∆G29 in Figure 3B).

Fig. 4 B3LYP/6–31 + G(3d,p) optimized structures of Fe3+ and
Ga3+ ions bound to a model ribonucleotide reductase active site at
pH ≅ 7, and free energies, ΔGε, (in kcal mol-1) for metal exchange
in the binding pocket.
The diferric binding site of RR was modeled in accordance with
the existing X-ray structure of the enzyme deposited in the Protein
Data Bank (PDB; entry 1MXR; resolution 1.42 Å). The two Fe3+
ions are bridged by a glutamate side chain (represented by an
acetate) and an oxo (O2-) ion, while the rest of the metal
coordination spheres are complemented by His (here modeled as
imidazole), Asp/Glu (modeled as acetates) and water ligands (Fig.
4). The structures of the diferric binding pocket (RR-Fe13+-Fe23+)
and the alternative constructs with Ga3+ ions replacing either the
first (RR-Ga13+-Fe23+) or the second (RR-Fe13+-Ga23+) ferric ion
were optimized at B3LYP/6–31 + G(3d,p) level of theory and used
for subsequent thermodynamic evaluations. Exchanging the
“native” Fe3+ ions for abiogenic Ga3+ ions shortens the respective
bond distances between the newcomer and its first-shell ligands (by
~0.1 Å in average) but leaves the overall shape of the metal
complex virtually unaltered. Thermodynamic data obtained indicate
that Ga3+ ion could displace the Fe3+ ion in either RR metal centers
if they were solvent accessible (negative ΔG32s in Fig. 4). However,
the two binding sites differ in their affinity toward the “alien” Ga3+
cation: the second binding site, containing more negatively charged
protein ligands than the first one, exhibits greater propensity to Ga3+
ions and appears to be the more likely target for Ga3+ ion attack. It
is proved by the ΔG4/ΔG32 values for the RR-Fe13+-Fe23+ → RRFe13+-Ga23+ exchange, which are - 9.8/- 16.3 kcal mol-1, thus lower
than those for the RR-Fe13+-Fe23+→ RR-Ga13+-Fe23+ substitution,
which are 0.6/- 6.4 kcal mol-1 (Fig. 4 A, B respectively). The second
metal center, even buried in the protein structure, could favorably
accommodate the alien Ga3+ ion (negative ΔG4; Fig. 4B).

The abovementioned results were predicted for the fully
optimized metal complexes, suggesting a certain flexibility of the
CD/EF site to allow the incoming Sr2+ to affect the coordination
geometry. How will the metal competition be affected in the case of
a „rigid‟ binding site? To answer this question, we substituted Ca2+
ions in the fully optimized sites with Sr2+, followed by single point
calculations. The increase in the resultant free energies (shown in
parentheses in Figure 3A and 3B) provides evidence that the „rigid‟
binding pocket favors its selectivity towards Ca2+. Notably, EFhand motifs are known to possess relatively stiff/inflexible
structures that promote Ca2+ binding and increase selectivity
towards the native cation.
Sr2+ ions can accommodate more ligands in their first
coordination sphere as they are bulkier compared to Ca2+. To study
the effect of an increased coordination number of Sr2+ on its
competition with Ca2+ for the EF site of PA, we modeled a Sr2+
complex with this site where Sr2+ was 8-coordinated at the expense
of an extra bond donated by either a bidentate aspartate (Figure 3C)
or an additional water molecule (Figure 3D). The increase in the
resultant free energies relative to the values for the
heptacoordinated Sr2+ (Figure 3B) implies that in both cases the
increase in coordination number of Sr2+ to 8 was unfavorable for
competition with Ca2+.

In addition to its anticancer activity, gallium is also known to
exert bacteriostatic and bactericidal effects on different
opportunistic
bacteria
(e.g.,
Pseudomonas
aeruginosa,
Mycobacterium tuberculosis, Acinetobacter baumannii, Francisella
tulerensis, Klebsiella pneumoniae), especially the antibioticresistant types[14]. Employing gallium as an antibacterial is
considered a novel “Trojan horse” strategy. Of vital importance for
bacterial growth and survival are the low-molecular-weight organic
substances, known as siderophores. They are synthesized and
secreted by bacteria to scavenge Fe3+ from the environment. In
order to prove/ deny the theory that gallium owes its antibacterial

Gallium/ iron competition
Gallium is a poorly explored abiogenic cation, although it
exhibits some curious characteristics allowing it to mimic the native
ferric ion[13]. The rapidly proliferating cells require great amount
of iron, which is crucial for the enzyme ribonucleotide reductase
(RR). Hence, the observed antitumor effect of Ga3+ is widely
accepted to be due to inactivation of this particular enzyme when
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[11]

effect to its ability to outcompete the native ferric ion for binding its
siderophores, we modeled a reaction of metal exchange in the
siderophore secreted by the bacterium A. baumannii. Interestingly,
it is the most prone to gallium treatment bacterium when the
experimental conditions reproduce the real situation to the greatest
extent.

[12]
[13]
[14]
[15]
[16]

A. V. Marenich, C. J. Cramer, and D. G. Truhlar,
J.Phys.Chem B, 113, pp. 6378–6396, (2009).
A. A. Vologzhannikova et al., Biomolecules, 11, pp. 1158–
1179, (2021).
N. Kircheva and T. Dudev, J. Inorg. Biochem., 214, p.
111309-111319, (2021).
N. Kircheva and T. Dudev, Inorg. Chem., 59, pp. 6242–
6254, (2020).
S. R. Choi, B. E. Britigan Mol. Pharm., 15, pp. 1215–1225,
(2018).
M. Y. Abdalla, B. L. Switzer, C. H. Goss, M. L. Aitken, P.
K. Singh, and B. E. Britigan, Antimicrob. Agents
Chemother., 59, pp. 4826–4834, (2015).
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Fig. 5 ΔG values (in kcal mol ) of the reaction of Ga /Fe
competition for binding the siderophore preacinetobactin in acidic
environment (pH ≈ 6). All structures are fully optimized at the
B3LYP/ 6–31 + G (3d, p) level.
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The results obtained suggest that gallium, indeed, can remove
iron from its complex, thus depriving the bacteria (in this particular
case) from this essential element. Note that other bacteria that have
been shown to be susceptible to gallium-based therapy, such as
different mycobacteria species, synthesize a structurally very
similar siderophore – carboxymycobactin [15], [16]. Therefore,
bacterial siderophores comprising the same structural moieties,
found by theoretical modeling to promote gallium‟s attack, appear
to be very suitable for the “Trojan horse” strategy.

4. Conclusion
The last hard two years of global pandemic showed humankind
that an innovative strategy against diverse microorganisms should
be considered. The antibiotic era declines in order to be replaced by
novel drugs that are even more sophisticated. One such opportunity
is the use of metals in the form of either cations, or nanoparticles.
The current study investigated the possible mechanisms of
therapeutic action of three abiogenic metal cations (Ag+ , Sr2+ and
Ga3+) and their ability to compete with the native ones (Cu+, Sr2+,
and Fe3+, respectively) at atomic level. Governing factors of high
importance concerning the metal rivalry have been outlined and
have showed, consequently, the future perspectives in the
coordination/ protein binding.
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Research of the main factors’ influence on the strategy realization in the bulgarian
entreprises
Alexieva-Nikolova V. 1 , , Valeva K.2
Business Faculty – University of Food Technology -Plovdiv, Bulgaria, valentina_nikolova@abv.bg 1
Business Faculty – University of Food Technology -Plovdiv, Bulgaria, tomika_888@yahoo.com 2
Abstract: The practice shows that the segmentation of the company business environment is making the strategic decisions difficult task for
the bulgarian managers. A cardinal unit for company’s environment analysis is the so called strategic business-zone (SBZ) - separate section
by the company’s surraunding, that the company has or wants to receive access to. SBZ qualified itself with consumer's demand and needs
and specific technology. They are characterized from parameters like: perspectives of the growth, from demand’s life cycle vew point;
expected degree of instability and factors of successful competition for the future. The main task of survey is: to be explored the specific
factors’ influence on the strategic decisions in the bulgarian enterprises.
The main exploratory theory is confirmed, that to be made enough adequately strategic decision bulgarian managers must to decide among
so many different factors and select the appropriate strategic business zones with the biggest potential for the company.
Keywords: MAIN FACTORS; STRATEGIC DECISIONS; SUCCESSFUL COMPETITION; BULGARIAN ENTERPRISES

chemical industry, tourism, agricultural sector, transport, trade,
telecommunications, energy sector enterprises. The survey includes
45 questions on the factors of demand growth, general management,
financial management, marketing, production and technology and
scientific and technical development, which are essential conditions
for the company's strategy. The scale for evaluating the answers is
as follows: (5) - small value, (4) - lower than the average, (3) medium value, (2) - high value, (1) - especially high value. The
survey was conducted on site, and it took the interviewed managers
about 8-15 minutes to complete the questionnaire.

1. Introduction
In addition to resource constraints, Bulgarian companies are
increasingly affected by the legislative framework, social pressure,
interference in decision-making by various groups, both outside and
outside companies, which makes the management process complex
and difficult [1],[2],[3]. In recent decades, the number of
restrictions in one form or another has increased: the ever-changing
needs of buyers, governments, especially European decisionmakers, and the general public, which is increasingly frustrated by
companies [4],[5],[6]. Thus, relations with the neglected society
become a key problem for companies. Therefore, in addition to
developing market and resource strategies, companies must begin to
develop strategies tailored to their relationships with society [7].
Practice shows that the segmentation of the company's
environment in making strategic decisions is a difficult task for
Bulgarian managers [8],[9],[10]. This is partly due to the habit of
managers to see the external environment from the standpoint of
their products and the reluctance to see the environment as a place
for the birth of new needs [11], [12], [13], [14].
The main unit for analysis of the company's environment is the
so-called strategic business area (SBA) - a separate segment of the
environment to which the company has or wants to gain access.
SBA is characterized by a certain need and demand, and the
corresponding technology[15], [16], [17]. They are determined by
parameters such as: growth prospects, in terms of demand life
cycle; expected level of instability and factors for successful
competition in the future [18], [19].
The main research problem is: To study the potential factors
influencing the strategic decisions of Bulgarian enterprises.
The study supports the main research hypothesis, namely that
in order to make a sufficiently adequate strategic decision,
Bulgarian managers must assess in the process of market
segmentation a large number of combinations of parameters and
factors and identify appropriate strategic business areas (SBA), with
the most great potential for the company. The purpose of this
study is to assess and rank in groups and most importantly the
factors influencing strategic decisions in Bulgarian enterprises.

3. Methodology, research and discussions
After collecting the surveys, the obtained primary data are
processed according to the following methodology:
1. Tables have been drawn up in which the data for assessment
of the importance of the respective indicators are filled in.
2. When obtaining the value of the significance, a specific score
is entered for each answer.
3. The distribution of the values according to the specific
indicators is presented by one-dimensional frequency distribution in
absolute and relative values.
4. Separate tables are compiled, in which the obtained values
are distributed. They group the questions according to the main
studied features: General Management, Financial Management,
Marketing, Production, Research and Development.
5. The weighted average value (summary assessment) for each
group of questions is derived, which ranks the studied indicators by
degree of importance.
6. The factors of influence are defined and grouped as follows:
Management - efficiency, growth, maturity, diversification, degree
of risk, project management, multinational company, social
functions; Financial management - analysis of sales, control
functions, distribution of funds, obtaining credit, payment of taxes,
cash availability, capital investments, impact of inflationary
processes, movement of products on the market; Production inventory management, production distribution, material and
technical supply, labor relations, automation, product class change,
technology adaptation; Marketing - market research, trial
marketing, sales, advertising, mass production, production of single
orders, market expansion, international marketing, research and
development - research, adaptation, innovation, imitation,
modernization, production technology.
 The main factors of the General Management group, ranked
by the weighted average summary score, are ranked in the
sequence shown in Fig. 1.

2. Research
In order to determine the influence of factors on strategic
decision-making, a study was conducted in 500 companies in
Bulgaria. This BPM research report summarized information
provided by 628 respondents who participated in the survey within
the period of two years (2020-2021). The representative sample
includes enterprises from the food industry, processing industry,
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Sales analysis - this indicator was assessed with great
importance, as about 81% of respondents rated it with great
importance, and 19% with great importance.

Efficiency
60

Social functions

Growth

50
40

23
Multinational company

23

30

Innovation

15

20

19

34

Control functions

10

60

0

8

Project management

50

Distribution network
39

Maturity

30

29

28

High degree of risk

Creative spirit
54

10
8

20

Sales analysis
60

18

Technology

Allocation of funds

40

49

Diversification
Impact of inflationary
processes

10

30

0

Getting a loan

12

25
18

Payment of taxes

37
Capital investments

Fig. 1. Distribution of the factors from the General Management group
that influence the strategic decisions in the Bulgarian enterprises

Cash operation

Fig. 2. Distribution of the factors from the group Financial
Management, which influence the strategic decisions in the Bulgarian
enterprises

Diversification - This indicator was assessed with great
importance, as about 79% of respondents rated it with great
importance, and 20% with great importance.

Capital investment is ranked second, with nearly 49% attaching
particular importance to it and 30% attaching great importance to it.

Project management is ranked second, with nearly 60%
attaching particular importance to it and 31% attaching great
importance to it. This distribution shows that managers align their
future strategic decisions with the need to absorb funds from
European projects as an effective tool for working in times of crisis
and subsequent depression.

The development of the distribution network is ranked third,
with 61% describing it as an indicator of particular importance,
28% of great importance and only 11% underestimating it.
Obtaining a loan is ranked 4th. 32.9% defined it as a factor of
particular importance, 34.3% as a factor of great importance and
only 4.1% underestimated it.

Innovation is ranked third, with 51% describing it as an
indicator of particular importance, 26% of great importance and
only 10% underestimating it. This suggests that this factor strongly
influences strategic decision-making in Bulgarian companies,
although many of them do not have the financial resources to afford
them.

In fifth place is the indicator Impact of inflation. 42% attached
great importance to it when compiling the company's strategy, 28%
attached great importance to it and only 6.8% answered that it was
irrelevant.

Technology is ranked 4th. 30.7% identified it as a factor of
particular importance, 39.1% as a factor of great importance and
only 3.5% underestimated it.

Cash operation is ranked 6th. 31.8% rated it too high, 28.8%
attached great importance to it, and 8.2% attached little importance
to it when making strategic decisions.

In fifth place is the Creative Spirit indicator. 38% attached great
importance to it when compiling the company's strategy, just as
many -38% attached great importance to it and only 5.8% answered
that it is irrelevant.

Payment of taxes is ranked 7th, with about 26% attaching great
importance to it, 40.1% great importance, 30.1% medium
importance and 3.2% underestimated it.
Control functions is ranked 8th. 14.5% rated it with great
importance, 45.4% with great importance, 13% gave it medium
importance and about 4.7% underestimated it.

Efficiency is ranked 6th. 34.9% rated it too high, 23.8%
attached great importance to it, and 5.2% gave it little importance in
making strategic decisions.

Allocation of funds is ranked 9th among the factors that
influence strategic decision making. 15.7% attached great
importance to it, 44.1% attached great importance to it and 11%
underestimated it.

Social functions is ranked 7th, with about 21% giving it great
importance, 37.9% great importance, 32.8% average importance
and 1.2% underestimating it.
The multinational nature of the company is ranked 8th. 19.5%
rated it with great importance, 39.9% with great importance, 16%
gave it medium importance and about 5% underestimated it.



High level of risk is ranked 9th among the factors that influence
strategic decision making. 19.5% attached great importance to it,
34.1% attached great importance to it and 12% underestimated it.

Sales - this factor was assessed with great importance, as about
85% of respondents rated it with great importance, and 15% with
great importance.

The growth as a stage of the product life cycle is ranked 10th.
Only 5% rated it as an indicator of great importance, 9.9% of great
importance, 48.4% - of medium importance and 32.7% - with a
value below average.

Advertising is placed in second place, with nearly 67%
attaching great importance to it, and 33% attaching great
importance to it.

Maturity as a stage of the product life cycle is ranked last. Only
2% rated it as an indicator of particular importance, 12.9% of great
importance, 50.4% - of medium importance and 30.4% - with a
value below average.


The main factors from the group Financial Management,
classified by means of the weighted average summary
assessment, are ranked in the sequence shown in Fig.2.
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The main factors from the Marketing group, ranked by the
weighted average summary score, are ranked in the sequence
shown in Fig. 3.

SCIENCE. BUSINESS. SOCIETY. 1-2022

Inventory management is ranked third, with 61% describing it
as an indicator of particular importance, 23% of great importance
and only 16% underestimating it.

Sales 45

45
40
35
30
25
20
15
10
5
0

International marketing
20

Expanding markets

25

Advertising
34

Changing the product model is ranked 4th. 29.7% described it
as a factor of great importance, 41.9% as a factor of great
importance and only 8.5% underestimated it.

Trial marketing

14

29
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Single orders 30
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Market research

60
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10

Fig. 3. Distribution of the factors from the Marketing group that influence
the strategic decisions in the Bulgarian enterprises

Modernization

0

27

39
13

Single orders were ranked third, with 56% describing it as an
indicator of particular importance, 36% of great importance and
only 9% underestimating it. This shows that more and more
managers are adapting their strategies to the individual client.

Imitation

Fig. 5. Distribution of the factors from the Research and Development group
that influence the strategic decisions in the Bulgarian enterprises

In fifth place is the indicator Market expansion. 35% attached
great importance to it when compiling the company's strategy, just
as many as -35% attached great importance to it and only 9%
answered that it is irrelevant.

In fifth place is the indicator Material and technical supply.
34% attached great importance to it when compiling the company's
strategy, 40% attached great importance to it and only 6.2%
answered that it was irrelevant.

International marketing is ranked 6th. 40.9% rated it too high,

Production Distribution and Labor Relations are ranked 6th.
As the Allocation of Resources -33.2% rated it too high, 28.7%
attached great importance to it, and 8.2% attached little importance
to it when making strategic decisions. While Labor Relations - 28%
attached great importance, 40.9% great importance, 26.8% medium
importance and 4.3% underestimated it.

Inventory management
60
46
50
40

Production distribution

30
20

12

10



0

Changing production
models
39

38

Material and technical
supply

Automation

The main factors from the Research and Development
group, ranked by the weighted average summary assessment,
are ranked in the sequence shown in Fig. 5.

The adaptation of innovations from the outside - this factor
was assessed with great importance, as about 83% of respondents
rated it with special importance, and 17% with great importance.

12
Labor relations
56

Production technology is in second place, with nearly 61%
attaching great importance to it and 39% attaching great importance
to it.

Fig.4. Distribution of the factors from the group Production, which
influence the strategic decisions in the Bulgarian enterprises

Creative spirit is ranked third, with 59% describing it as an
indicator of particular importance, 20% of great importance and
only 13% underestimating it.

21.3% attached great importance to it, and 8.2% gave it little
importance in making strategic decisions.

The imitation is ranked 4th. 32.7% defined it as a factor of
great importance, 38.5% as a factor of great importance and only
5.9% underestimated it.

Mass production is ranked 7th, with about 28% attaching
particular importance, 33.3% importance, 31.8% medium
importance and 2.3% underestimating it.

In fifth place is the indicator Modernization. 36% attached
great importance to it when compiling the company's strategy, 43%
attached great importance to it and only 7.2% answered that it was
irrelevant.

Trial marketing is ranked 8th. 15.9% rated it with great
importance, 42.1% with great importance, 19% gave it medium
importance and about 3% underestimated it.


Adaptation
56

40
Gradual development

Market research is ranked 4th. 34.9% described it as a factor of
particular importance, 35.1% as a factor of great importance and
only 4.5% underestimated it.

Adaptation of
technology
48

Innovations

Innovations are ranked 6th, with -28.2% rated it too high,
32.7% attaching great importance to it, and 9.2% attaching little
importance to it when making strategic decisions.

The main factors from the Production group, classified by
means of the weighted average summary assessment, are
ranked in the sequence shown in Fig.4.

The surveys are ranked seventh in importance - 23% gave
special importance, 42.9% great importance, 25.4% medium
importance and 2.3% underestimated it.

Automation - this factor was assessed with great importance, as
about 87% of respondents rated it with great importance, and 13%
with great importance. Adaptation of technology is in second place,
with nearly 59% attaching particular importance to it and 38%
attaching great importance to it.

Gradual development is ranked eighth. 29.9% rated it too high,
31.3% attached great importance to it, and 9.2% attached little
importance to it when making strategic decisions.
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The results of this study confirm the hypothesis, namely that
in order to make an adequate strategic decision, Bulgarian managers
must assess in the process of market segmentation a large number
of combinations of parameters and factors and identify appropriate
strategic business areas with the greatest potential. For the
company.

References:
[1] .Borisov B., Tsv. Davidkov, From Quality Management to
Organizational Excellence: European Strategies and Practices.
S., 2010
[2]. Bosidi. L., R., Charan. Implementation: The new theory of
organizational management. S., 2009
[3]. Kaplan R., D., Norton, Balanced system of performance
indicators. How to Turn Strategy into Action, C, 2005
[4].Kaplan R., D. Norton, Strategic Maps. To turn intangible assets
into tangible results. S. 2006
[5].Mihova, T., Management of Small and Medium EnterprisesMonograph, Intellect-94 Publishing House, Plovdiv, 2010
[6].Geus, A., The living company, Boston, Harvard Business school
Press, 2008.
[7].Goldratt, El. M. J, Cox; The Goal. A Process of Ongoing
Improvement. North River Press; 2nd Rev edition, 2011
[8].Green M., J. F. Berry, The Challenge of Hidden Profits:
Redusing Corporate Bureaucracy and Waste, London: William
Morrow and Company, 2009
[9].Watson G., Strategic Benchmarking, London: John Wiley &
Sons, 2011
[10]. Alexieva V., STANDARDIZATION AS A TOOL FOR
PROCESS IMPROVEMENT, International congress ,
Borovets,
2016
[11].Heidari, F., Loucopoulos, P., Quality evaluation framework
(QEF): Modeling and evaluating quality of business processes.
International Journal of Accounting Info Systems, 15 (3), 2014,
pp. 193-223.
[12]. Mihova T., Arabadzhieva A., Gigova Т., (2013), Problems
faced by small and medium business in Bulgaria, Scientific
journal «ECONOMICS AND FINANCE», Ukraine
[13].Gigova Т., Mihova T., Arabadzhieva A.,2013, Distinctive
features production types, Scientific journal «ECONOMICS
AND FINANCE», Ukraine
[14].Angelova, M. (2016) Management of the motivation process in
Enterprises, Proceedings of International Conference on
Engineering, Technologies and Systems TECHSYS 2016, p.
415 - 418;
[15]. Angelova, M., Nikolova – Alexieva, V. (2017) Opportunities
for raising the entrepreneurial culture – a factor for
competitiveness of the Bulgarian economy; International
scientific conference „Applied Modeling in Economics,
Finance and Social Sciences“ 2017;
[16]. Hadzhiev B, Nikolova-Alexieva V, Bachvarova I, (2018),
“Creating the Conditions for Broadband Business
Entrepreneurship to Ensure Lasting Success for the
Bulgarian Society“, Journal of Economic Studies ; Issue:
5/2018; Print ISSN: 0205-3292, pp.92-105]
[17]. Godfray, H. C. J.; Beddington, J. R.; Crute, I. R.; Haddad, L.;
Lawrence, D.; Muir, J. F.; Pretty, J.; Robinson, S.; Thomas,
S.
M. ; Toulmin, C. Food Security: The Challenge of Feeding 9
N. Billion People. Science 2019,327 (5967), 812−818.
[18]. Hadzhiev B, Nikolova-Alexieva V, (2019), “Exploring the
technological readiness of Bulgarian entrepreneurs to create
new generation of value-added chains”, Economic
Alternatives Journal, ISSN (print): 1312-7462; ISSN (online):
2367-9409
[19]. Kranert, M.; Hafner, G.; Barabosz, J.; Schuller, H.; Leverenz,
Kölbig, A.; Schneider, F.; Lebersorger, S.; Scherhaufer, S. E
Ermittlung Der Weggeworfenen Lebensmittelmengen Und
Vorsch-läge Zur
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The five groups of factors considered as conditions are essential
for the success of the company's strategy:

 General management pays attention to the growth and









efficiency of production. In addition, it detects and eliminates
everything that hinders the reduction of unit costs. For
Bulgarian companies, it turns out that the most important of
this group of factors is Diversification. While European
companies take into account the factor Innovations from the
General Management group with the greatest importance when
forming their strategic decisions.
Financial management operates with the available funds and
performs the functions of control - with the greatest weight of
this group of factors for Bulgarian enterprises is the factor
Sales Analysis. European companies assess the factor Capital
investments from the group Financial Management with the
greatest weight.
Marketing deals with sales and their analysis - here with the
greatest weight for the formation of strategic decisions in
Bulgarian companies is the Sales factor. The factors Market
Research and Market Development are the factors in this group
with the greatest weight for European companies.
The organization of the production process is a major function
in the company's strategy - in this group of factors with the
greatest weight for the company's strategy are Automation and
Inventory Management. It turns out that European companies
value the factor Adaptation of technology with the highest
weight of other factors in the group when forming their
strategic decisions.
Research and development comes down to improving the
technology of the production process and the gradual
improvement of production. For Bulgarian enterprises it turns
out that the most important of this group of factors is the factor
Adaptation of innovations. For European companies, the most
important factors are Research and Innovation.

4. Conclusion
Due to the new conditions, today there is a clear reduction of
the life of the strategic business zones, which puts before the leaders
of the Bulgarian enterprises important decisions:
1. Constantly adding new activities and giving up those that are not
consistent with the company's growth prospects.
2. Changes in the phases of the demand cycle should be foreseen
and the company's strategy should be reviewed in accordance with
the changing conditions of competition and the factors influencing
its performance.
3. In the conditions of unstable technology, managers must
recognize the earliest signs of technological obsolescence and not
allow innovations to be reduced to technically obsolete products.
The main research hypothesis has been confirmed that in order to
make a sufficiently adequate strategic decision, Bulgarian managers
must determine the appropriate strategic business areas with the
greatest potential for the company. The results of the study can be
useful to Bulgarian managers, both large and small and medium
enterprises, to form adequate strategic decisions and remain
competitive, taking advantage of the good practices of European
enterprises.
This report is funded from the Science Fund of the University of Food
Technology – Plovdiv, contract No 15 /21-H “Innovation as a strategic
factor for entrepreneurial activity in the green economy"
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Abstract: The position of the wood-processing industry in Slovakia has a stable and long-term tradition. The wood-processing industry has
great potential in the country economy, to which high forest cover contributes. The aim of the submitted paper was to define the position of
the wood-processing industry within the national economy of Slovakia, considering the age structure of enterprises and thus to present its
potential. Current information on the researched issues was obtained through an empirical survey in the form of a questionnaire. The
achieved results were subsequently processed by statistical methods and presented descriptively a graphically. It follows that most woodprocessing enterprises in Slovakia have a long-term tradition, and therefore the sector has the potential to become a pillar of the national
economy.
Keywords: WOOD-PROCESSING INDUSTRY, NATIONAL ECONOMY, LONG-TERM TRADITION, PILLAR OF NATIONAL ECONOMY
modernization have been made, with the exception of multinational
1. Introduction
companies operating in the country [12,1,2]. A long-term problem
of WPI in Slovakia is the low added value of outputs, i.e., products.
The wood-processing industry (WPI) in Slovakia represents the
A significant part of the production consists of raw untreated wood,
woodworking, furniture and pulp and paper industry. The
which eliminates profits in the industries to a minimum. The
production chain of WPI products starts with forest cultivation,
production of wood products with high added value, such as sliced
continues with timber harvesting and the final step is the production
and peeled veneer, plywood, fibreboard for the furniture industry, is
of outputs. WPI is a sector based on the use of renewable natural
insufficient and these types of products are missing in the range of
resources. The production of wood-based products in Slovakia has a
Slovak WPI outputs.
long-term tradition. At the same time, it is a sector in which
companies can make full use of domestic resources in terms of
The share of WPI in the GDP of Slovakia, including forestry, is
access to raw materials [1,2]. Following, the forest cover of
shown in Fig. 1. Over the decade, its fluctuation can be observed at
Slovakia can be mentioned, which is at the level of 41% compared
an average of 2.5% but is declining slightly over the last period. In
to the most forested country, Sweden (43%). Deciduous trees are
the years 2006 to 2020, the share is the highest in the first
represented by a ratio of 63% and conifers 37% [3,4].
monitored year.
The WPI sector meets the conditions for sustainable growth and
healthy competition in international markets. The benefit from
environmental protection point of view, which lies in the ability to
recycle its outputs or their possibility of reusability, is considered
the main advantage of WPI. The products are biodegradable and
have the ability to replace non-renewable raw materials with their
properties [5,6].
The WPI is linked to other sectors in the country [7]. From the
point of view of the export and import share, it can be deduced that
the Slovak WPI is relatively successful in foreign markets (the
percentage of revenues coming from exports of the Slovak WPI is
70-90%). However, the share of the Slovak WPI's competitiveness
in foreign markets is slightly declining.

Fig. 1 Share of the WPI in GDP of Slovakia [13]

Given the theoretical background, the aim of the submitted
paper is based on mapping the situation of WPI enterprises through
empirical research to define the position and structure of the Slovak
wood-processing industry and present its potential in terms of WPI
dominance as a sector of the national economy.

The current value of production is stated at 3 bn. Euro and WPI
employs almost 40 thousand people. The highest employment in the
WPI sector is in the furniture industry. WPI is a source of
development of rural regions in Slovakia and a factor of
sustainability in the given areas. The industry is profitable and
investment efficiency is high. According to [8] and SK NACE
classification of economic activities, in the sector Wood-processing
and manufacture of wood and cork products, except furniture;
manufacture of straw and plaiting materials (code 16) there are
4091 enterprises, in the Manufacture of furniture (code 31) there are
871 enterprises and in the sector Manufacture of paper and paper
products (code 17) there are 381 enterprises. Nevertheless, a total of
11 companies associated in the Association of the Pulp and Paper
Industry of the Slovak Republic cover 100% of paper production
and most of the production of products in the entire industry. These
are mostly large companies with a high share of foreign investment,
such as Mondi SCP, a.s .; Metsä Tissue Slovakia, s.r.o .; SHP
HARMANEC, a.s. [9,10,11].

2. Methodology
The methodology of the submitted paper consisted of three
phases. The first phase was focused on the analysis of secondary
sources on WPI industry in Slovakia. In this phase, methods of
scientific work such as summarization, synthesis of knowledge,
analogy and deduction were used. The second phase was focused on
the analysis of primary sources obtained by the implementation of
empirical research in the practice of WPI enterprises using the
questioning method in the form of a questionnaire. In the third
phase, the results were evaluated through analogy, deduction and
summarization of the acquired knowledge.
The questionnaire was sent electronically to 3.500 WPI
enterprises operate in Slovakia randomly selected from the database
of business contacts. It was possible to collect 313 completed
questionnaires. The data of the questionnaire survey were evaluated
using mathematical and statistical methods and presented in a
descriptive manner, numerically and graphically.

A significant shortcoming to the detriment of the WPI is the
absence of its long-term and targeted support in terms of a
comprehensive development strategy. One that will ensure the
modernization of technological and technical equipment, will
increase the competitiveness of companies in the market and, last
but not least, will increase interest in this sector of industry, whether
from the point of view of investors or entrepreneurs themselves. For
a relatively long period of time, no specific investments in

Using a mathematical relationship, the sample size was defined
according to the minimum number of respondents to be included in
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the survey, so that the data obtained could be generalized to all
enterprises concerned [14]:
n

p.(1  p)
e 2 p.(1  p)

N
z2

For more detailed results and to obtain a comprehensive view of
the researched issues, a two-tailed interval estimation of relative
abundance was also used in the analysis of the obtained results. The
test criterion of the test is as follows:

(1)
(3)

The standard error was set at 10% (e=0.1) and the resulting
reliability 90% (z=1.65) at a known basic set size (N=5343) and a
value of p as constant (p=0.5). The relationship thus defined for the
minimum sample size corresponds to 304 WPI enterprises.
Compared to the scope of the research sample, it slightly exceeds
the minimum set value and the results of the survey can be
generalized to all WPI enterprises operating in Slovakia.

The interval estimation of a basic set parameter uses a
numerical interval in which the estimated parameter is with a
certain probability, i.e., the estimated parameter is in the interval
(q1, q2) with probability 1-α. The interval (q1, q2) is called the
confidence interval and is dependent on α [23]. Where α indicates
the probability that the monitored parameter is not out of the
confidence interval (estimation risk). The probability 1-α then says
that the basic set parameter is from the interval (q1, q2) and is
called the reliability coefficient or estimation reliability [23,24,27].

The following research questions were formulated based on a
literature search:
V1: Have most Slovak WPI enterprises operated for more than 20
years?

3. Results and Discussion

Since the establishment of the Slovak Republic, the WPI has
been an important aspect of the national economy, which is
characterized by a long-term tradition of sawmills and woodprocessing plants [15]. The WPI sector has a positive impact on the
country's GDP employing more than 21 thousand employees on
average and generating revenues of more than 2.7 bn. Euro [16].

The survey was attended by most of small WPI enterprises with
10–49 employees (38.7%) and least of large enterprises with 250
employees and more (6.4%). In terms of legal form, the most
numerous group in the survey sample is represented by WPI
enterprises operate through a limited liability company (68.7%). On
the contrary, the share of enterprises in the survey sample is the
lowest with the legal form of cooperatives (3.8%). According to the
classification of economic activities SK NACE, the most enterprises
are from the woodworking industry (49.3%), followed by furniture
enterprises (39.4%) and the lowest share is represented by pulp and
paper enterprises (11.3%) in the survey sample.

V2: Does the WPI sector have a potential to become a pillar of the
economy according to most WPI enterprises?
The situation regarding ecological progress and environmental
protection support has been notable in the recent years. [17] Within
its environmental policy, environmental information and available
statistics, it influences shopping behavior and gives consumers a
positive attitude towards environmentally friendly shopping. This
creates space for WPI conditions to use its ecological potential (use
of renewable natural raw material - wood) to address conscious
consumers about the choice to buy products of the wood-processing
industry, which often meet a variety of strict certification
requirements and thus meet the premise of becoming a pillar of the
Slovak economy [18,19,20,21,22].

The tradition of Slovak WPI enterprises in terms of length of
operation in the market
The results of the empirical survey showed that 56.2% of
Slovak WPI enterprises have been operating on the market for more
than 20 years. The detailed percentages related to the researched
problem are presented in Fig. 2. Given that more than 50% of
Slovak WPI enterprises have been operating in the market for more
than 20 years, it can be stated that the wood-processing industry has
a long-term tradition in Slovakia (Table 1).

To get answers to the above research questions, the primary
data obtained by the questionnaire survey were verified using a onetailed hypothesis test of relative abundance with the following test
criterion:
u

f  0

f  1  f
n



(2)

The test verifies the hypothesis of conformity of the basic set
share with the given constant (i.e., for the conditions of the stated
hypotheses at least 50%), whereas the null hypothesis is the
statement that they equal (based on the sample it can be stated that
the share in the basic set equals a certain number). In contrast, the
alternative hypothesis says that the share of the basic set does not
equal the given constant, i.e., it is larger or smaller (two-tailed test).
For the conditions of the one-tailed test that was applied, the
alternative hypothesis states that the share in the basic set is either
larger or smaller than the specified constant. It was tested at the
significance level (α) 5%, i.e., it can be claimed with reliability
95%. The null hypothesis is not rejected provided that the value of
the calculated test criterion does not exceed a critical value. Area of
acceptance or rejection of the null hypothesis is determined as the
5% quantile of the normal distribution (u0.05=1.645). In the case of a
higher test criterion, an alternative hypothesis is accepted. The pvalue is considered authoritative, depending on the chosen
significance level. If a p-value can be determined, it can be said for
sure, at what significance level the null hypothesis can be accepted
[23,24,25,26].

Fig. 2 Length of operation of Slovak WPI enterprises on the market

Table 1. Results of hypothesis test of relative abundance
regarding research question V1.
Research
pH1
p
n
u
area
value
Length of
operation of
π > 50% 56.23%
313
2.221
0.013
Slovak WPI
enterprises
Research question V1 can be confirmed with respect to the
results of the hypothesis test of relative abundance based on p-level
value (p=0.013). According to the survey results, it can be stated
that more than half of WPI enterprises in Slovakia have been
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Table 5. Regional representation of the Slovak WPI enterprises
Autonomous
Absolute
Relative abundance
Region
abundance
Košice region
601
11.25%
Prešov region
708
13.25%
Banská Bystrica
695
13.01%
region
Ţilina region
909
17.01%
Nitra region
573
10.72%
Trenčín region
535
10.01%
Trnava region
427
7.99%
Bratislava region
895
16.75%
5343
100.00%

operating for more than 20 years, which is followed by the claim
that WPI sector in Slovakia has a long-term tradition.
According to the results of the two-tailed interval estimate of
relative abundance (Table 2) it can be stated with 95% reliability
that the share of long-term WPI enterprises (20+ years) in the
national economy of Slovakia is from 51% to 62%.
Table 2. Results of interval estimation of relative abundance
regarding research question V1.
Lower
Upper
Research area
p
n
limit
limit
Length of
operation of
56.23%
313
51%
62%
Slovak WPI
enterprises

The analyzes of the obtained results showed that WPI sector in
Slovakia has a long-term tradition and most of the enterprises
operating in it, have existed for more than 20 years, as stated in the
hypothesis test of relative abundance (Table 1). This corresponds to
the research of authors [28] who found out that WPI in Slovakia is a
traditional industry and is one of the most important. Also [29]
identify with these results stating that the WPI is an important part
of the economy in the Slovak Republic. The sector is relatively
independent of raw material imports and allows the development of
small and medium-sized enterprises in the regions.

The potential of the WPI industry to become a pillar of the
national economy of the Slovak Republic
According to the obtained data, the surveyed enterprises agreed
(57.18%), that the WPI industry in Slovakia has the potential to
become a pillar of the economy. The results of hypothesis test of
relative abundance (Table 3) with the value p-level (p=0.005)
confirmed the validity of research question V 2 that the WPI sector
has the potential to become a pillar of the economy according to
most WPI enterprises in Slovakia.

According to the above-presented results of statistical data
processing [9], it can be stated that more than 75% of the WPI in
Slovakia is the woodworking industry, followed by the furniture
industry with a share of 16.5%, and enterprises of the pulp and
paper industry have the lowest representation. The highest share of
WPI enterprises is in the Ţilina region and the Bratislava region, the
lowest share of less than 8% is in the Trnava region. As to the size
of enterprises by number of employees [31], micro, small and
medium-sized enterprises [32] have a majority representation. The
aim of the paper was successfully met. It is an overview of the
structure and position of the WPI in Slovakia with a focus on its
potential in terms of the emphasis of the dominance of the WPI as a
sector of the national economy.

Table 3. Results of hypothesis test of relative abundance
regarding research question V2.
Research
area
Potential of
WPI as a
pillar of
economy

H1

p

n

u

pvalue

π > 50%

57.18%

313

2.567

0.005

According to the results of the two-tailed interval estimation of
relative abundance (Table 4) it can be stated with 95% confidence
that 52-63% of Slovak WPI enterprises are convinced of it.
Table 4. Results of interval estimation of relative abundance
regarding research question V2.
Research area

p

n

Lower
limit

Upper
limit

Potential of WPI
as a pillar of
economy

57.18%

313

52%

63%

As the analysis [33] showed, WPI sector in Slovakia has the
potential to increase its share in the country's GDP, as expressed by
the surveyed WPI enterprises according to the results of the survey.
This confirms the result of the hypothesis test of relative abundance
(Table 3). The position of WPI sector is currently not dominant, but
the implementation of technical, technological and strategic
intentions could bring it the position in the future, as the authors
agree [34]. The WPI has several positive and negative attributes,
which also apply to the current pandemic period COVID-19
[34,35,36,37]. There are problems with ensuring a continuous
supply (uncertain supplies, unstable prices, inconsistent quality of
inputs, low stocks in warehouses or long delivery times), but also
labor shortages due to sick leaves and absences. Insufficient
production capacity and consequently economic inefficiency are
related to it. However, what the WPI can build on in Slovakia is a
change in consumer behavior, which has led to the support of the
furniture and paper industry (growth in 2020 by 8%) [38,39].
Environmental protection support has been notable in recent years
and affects the WPI sector [40,41]. WPI enterprises are considered
greener due to use of renewable natural raw materials (wood),
which can be seen in the perspective of their development. In this
context, it can be stated that many enterprises in the sector meet a
variety of strict certification requirements [42].

Based on analysis of available secondary sources [8,9], it is
possible to present the following results of statistical processing in
terms of the structure of WPI in Slovakia. The woodworking
industry represents more than three-quarters of the WPI, with more
than 4067 enterprises (Fig. 3). The given segmentation corresponds
to the SK NACE classification of economic activities, according to
which the woodworking industry belongs to division C16, the
furniture industry to division C31 and the pulp and paper industry to
division C17.

4. Conclusion
The aim of the submitted paper was to define the position of the
wood-processing industry in the national economy considering the
age structure of enterprises and thus to present its potential in
relation to the structure of the national economy. The woodprocessing industry in Slovakia has a long-term tradition, which is

Fig. 3 Share of individual industries within the WPI sector according to SK
NACE classification
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25. M. Jurečková, I. Molnárová, Štatistika s Excelom (Akadémia
ozbrojených síl gen. M. R. Štefánika v LM, 2005)
26. M. Rimančík, Štatistika pre prax (2007)
27. D. Klein, Pokročilé štatistické metódy (Univerzita Pavla Jozefa
Šafárika v Košiciach, 2020).
28. A. Kaščáková, G. Nedelová, S. Korony, P. Kráľ, Štatistické
metódy pre spoločenské a humanitné vedy (2010)
29. D. Šulyová, G. Koman, Sustainability, 12 (2020)
30. S. Lorincová, K. Stachová, Z. Stacho, Z. Joniaková,
Bioresources, 15 (2020)
31. Európska
komisia,
Available:
https://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:124:
0036:0041:en:PDF
32. SBA,
Available:
http://www.sbagency.sk/sites/default/files/analyza_podnikatels
keho_prostredia_v_regionoch_sr_final1.pdf.
33. SRI, Available: https://www.sustavapovolani.sk/clanok-4219
34. J. Ratnasingam, A. Khoo, N. Jegathesan, L. Wei, H. Latib, G.
Thanasegaran, L. Liat, L. Yi., K. Othman. M. Amir. BioRes,
15 (2020)
35. R. Baldwin, B. Weder di. Mauro. VOXEU CERP (2020)
36. K. Liu, H. Wang, H. Liu, S. Nie, H. Du, Ch. Si. BioRes, 15
(2020)
37. C. Huang, X. Wang, Ch. Liang, X. Jiang, G. Yang, J. Xu, Q.
Yong, Biotechnology for Biofuels, 12 (2019)
38. J. Chen, CH. Yang, Forests, 12 (2021)
39. A. Barčić, M. Kuzman, T. Vergot, P. Grošelj, Forests, 12
(2021)
40. V. Dardononi, C. Guerriero, Ecological Economics, 179
(2021)
41. M. Vale, E. Berenguer, M.Argollo de Menezes, E. Viveiros de
Castro, L. Pugliese de Siqueira, R. de Cássia, Q. Portela,
Biological Conservation, 255 (2021)
42. J.
Marko,
Available:
http://www.zvsaslbbk.sk/wpcontent/uploads/2018/06/N%C3%A1zory-nacertifik%C3%A1ciu.pdf (2019)

also confirmed by the results of the survey, as more than half of the
enterprises have been operating on the market for more than 20
years. The results indicate that the wood-processing industry has the
potential to become a pillar of the Slovak economy based on the
opinion of wood-processing enterprises. The presented research
perspectives in this area should focus on a deeper examination of
the conditions of the wood-processing industry in the future, not
only in terms of tradition and potential, but also in terms of
sustainability and competitiveness.
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Annotation. The combination of interests of TNCs and the state is considered. An assessment of the activities of the world's largest TNCs.
The dynamics of the number of TNCs in the top 100 companies in the world by country is determined. A comparative analysis of the size of
market capitalization by sectors of companies. The contradiction between the international global nature of TNC operations and the
territorially limited jurisdiction of the state was revealed. It was found that the market capitalization of multinational companies in the top
100 has decreased, but global companies have shown significantly better results than their smaller representatives have.
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1. Introduction
In the context of globalization, the interdependence and
interconnectedness of countries is deepening. The advantages of
these processes are developed countries where transnational
corporations (TNCs) come from - the main actors operating in
international markets. The activities of TNCs have a huge impact on
the development of global society, as well as developing countries
[9].
The combination of the interests of transnational corporations
(TNCs) and the state can be observed in the following cases:
- intensification of TNCs in the national economy can
improve the image of the state at the global level and, consequently,
make it more attractive to other corporations;
- foreign direct investment by foreign TNCs in production
finances the country's balance of payments deficit;
- implementing their strategies, TNCs can contribute to the
restructuring of the economy and increase its competitiveness;
- TNCs in the national economy can ensure the development
of existing and the creation of new ancillary industries for their
production.
As a result of the rapid development of the global pandemic
(COVID-19), key global stock exchanges have experienced the
"deepest" intraday declines in March 2020 since the 2008 global
financial crisis. In the same month, market volatility peaked after
the global financial crisis due to the unprecedented impact of
COVID-19 on world markets. The negative economic phenomena
outlined above have distorted the world market in a short period,
and all countries and companies around the world are still feeling
the effects.

march

december

march

Fig. 1. Dynamics of change in the market capitalization of the top
100 global companies in the world, billion dollars, 2015-2020
Source: built on [1]
In 2020, the market capitalization of the top 100 global
companies in the world increased by only 2%, which is the lowest
figure since 2016 [2].
In all regions of the world, the market capitalization of the top
100 companies grew until December 2019, after which profits
began to decline in all regions of the world (except Saudi Arabia)
(table 1).
Table 1 Changes in the market capitalization of the top 100 companies in
the world by region (December 2019 - March 2020)
Region of the world
USA
Europe
China and the Asian
region
Other regions of the
world
Total
Source: built on [1]

2. Evaluation of the activities of the largest
multinational corporations in the world
To understand the economic impact of COVID-19 on the
company's data and opportunities for their further development in
global markets for goods and services, we will focus on a detailed
analysis of trends in the 2020 reporting year.
The market capitalization of the top 100 companies decreased
by $ 3905 billion. (15%) to $ 21,471 billion. as of March 2020,
although it should be noted that these global companies have
performed significantly better than smaller representatives of their
sectors have. This is a sign that when choosing the most favorable
companies to invest in sectors of the world economy, investors
should evaluate the combination of economic stability and
protective qualities of large companies, as well as their ability to
invest in eliminating the negative effects of market fluctuations.
The market capitalization of the world's top 100 global
companies increased by 20% from March to December 2019, before
decreasing by 15% from December 2019 to March 2020, as
COVID-19 consolidated its position in global markets for goods
and services (Fig.1).

Change, billion dollars
- 2 204
- 956

Change,%
- 14
- 25

- 355

- 11

- 389

- 13

- 3905

- 15

Thus, European companies, which were among the top 100
companies in the world, experienced the most significant relative
decline in the three months to March 2020, while market
capitalization decreased by 25% ($ 956 billion) [3]. British
companies in the top 100 companies in the world with a relatively
high weight of companies representing the oil and gas sectors
received a moderate 2% increase in market capitalization in MarchDecember 2019, before a decrease in market capitalization by 28%
by March 2020.
The United States continues to dominate the top 100
companies in the world in terms of market capitalization and the
number of companies on the list, despite a reduction in market
capitalization of $ 2,204 billion (14%) in the three months to March
2020 [4].
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China and its regions make the second largest contribution to
the list of top 100 global companies in the world with 14
companies, losing one company in 2020 and slightly behind the
United States [5].
Brazil, South Africa and Australia are no longer in the top 100
global companies in the world because Petrobras (Brazil), BHP
(Australia), Naspers (South Africa) after selection Prosus in a
separate TNC, dropped out of this ranking [6].
Other notable changes in the market capitalization of the
world's top 100 companies by region in 2020 compared to 2019 are
as follows:
- Saudi Arabia's position was improved by Saudi Aramco,
which rose from 17th to third position;
- The position of the United Kingdom has changed from third
to fifth place, despite the fact that the list has the same number of
companies. British companies demonstrated one of the largest
reductions in market capitalization in the three months to March
2020;
- The Netherlands rose from 12th to eighth position, taking
advantage of a significant increase in market capitalization IPO
Prosus and ASML Holdings;

- Canada has gone down five steps since Toronto Dominion
Bank is no longer on the top 100 list.
Speaking of specific companies in the top 100, Microsoft took
second place as of March 2020, despite a temporary lead by Apple
in late 2019. At the same time, both companies are ranked lower
than Saudi Aramco, which took the first place in terms of market
capitalization (Fig. 2).
According to Figs. 2 can be traced to the fact that Saudi
Aramco had the world's largest IPO in December 2019. Since its
listing, it is the world's largest company by market capitalization. At
the time of the IPO, its value was more than twice that of
Microsoft's largest company in March 2019. As of March 2020,
Exxon Mobil fell from the top ten to 42nd position (starting in
December 2019), which corresponds to the negative trend in the oil
and gas sector after the pandemic. The gap between the leaders and
outsiders of the world's top 100 companies was $ 1,516 billion and
has grown significantly compared to March 2019 due to the size of
Saudi Aramco. The gap between the second largest companies
(Microsoft and Apple) and outsiders has also widened.
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Fig. 2. Dynamics of market capitalization of leaders and outsiders of the top 100 global companies in the world, billion dollars, 2009-2020
Source: built on [1]
the three months to March 2020. As a result, the company rose one
place in the ranking of Alphabet.
As noted above, in all regions the market capitalization of the
world's top 100 companies grew until December 2019, after which
the negative trends caused by COVID-19 hit global markets, and
the profits of the surveyed companies were leveled in all regions of
the world (except Saudi Arabia) (Fig.4).
European companies in the top 100 companies in the world
showed the most significant relative decline in the three months to
March 2020, while their market capitalization decreased by 25% ($
956 billion). The market capitalization of American companies in
the top 100 companies in the world fell by 14% in three months to
March 2020 ($ 2,204 billion). The United States continues to
dominate the top 100 companies in the world in terms of market
capitalization and the number of companies on the list (Fig.5).
The market capitalization of China and its regional companies
in the top 100 companies in the world has decreased slightly - from
15% of the total in March 2019 to 14% in March 2020. Sinopec
(China Petroleum & Chemical Corporation) has dropped out of the
list of world leaders.

In March 2020, the market capitalization of outsiders in the
top 100 companies in the world was $ 13 billion lower than in
March 2019.
Thus, even taking into account the negative economic factors
caused by the COVID-19 pandemic and the unprecedented decline
in oil and gas prices, Saudi Aramco retains its top positions as of
December 2019 (and March 2020 Figure 3).
According to analytical data presented in Fig. 3, it can be
concluded that the companies of the top 100 companies in the
world. Apple regained the lead by overtaking Microsoft in October
2019, but as of 2020, Apple dropped to third place. In our opinion,
the Technology and e-commerce sector continue to dominate at the
top
of the ranking of further research in this area is promising, aimed at
studying the changes in the positions of companies in the top 100 by
2020 and their resilience to the obstacles caused by the COVID-19
pandemic.
Amazon has become one of ten companies in the top 100
companies in the world as of 2020, increasing its market value in
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Fig. 4. Dynamics of market capitalization of the world's leading companies by region, billion dollars, 2009-2020
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Fig. 5. Dynamics of the number of companies in the top 100 companies in the world by region, number, 2009-2020
Source: based on [1]
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The market capitalization of companies in other regions of the
world market was increased due to the accession of Saudi Aramco
in the period up to December 2019, which more than offset the net
losses of three companies (36%) in this category from the top 100.
Thus, the top 100 companies from the United States and China

(taking into account the Asian region) have not shown drastic
changes in their rankings since March 2019. Although US
companies have expanded their presence in the top 100 companies
in the world (+3 companies), Chinese companies have lost their
representatives in the ranking (-1 company) (Table 2).

Table 2 Dynamics of the number of TNCs in the top 100 companies in the world by country
Indicators as of 2020
Market capitalization,
billion dollars

Indicators as of 2019
Market capitalization,
billion dollars.

Country

Number of
companies, pcs.

USA
China
Saudi Arabia
Switzerland
UK
France
Japan
Netherlands
North Korea
Ireland
India
Denmark

57
14
1
3
6
4
3
3
1
2
2
1

13093
2922
1602
795
640
545
395
357
234
225
185
144

Position in the
ranking by
capitalization
1
2
3
4
5
6
7
8
9
10
11
12

Germany

1

136

13

1

142

13

1
1

90
87

14
15

1
2

169
208

11
10

Belgium
Canada
Source: based on [1]

Number of
companies, pcs.
54
15
1
3
6
5
2
1
1
2
2
1

13292
3197
100
774
870
696
298
166
234
235
233
128

Position in the
ranking by
capitalization
1
2
17
4
3
5
6
12
8
7
9
15

including HSBC, BP and Royal Dutch Shell [10]. The Netherlands
rose from 12th to 8th position, mainly due to increased market
capitalization of the semiconductor company ASML Holding and
IPO Prosus (the technology company broke away from Naspers).
Canada has dropped five places during this period due to the
loss of Toronto Dominion Bank's leading position in the global
financial sector.
As of March 2020, the technology, finance and healthcare
sectors accounted for 58% of the total market capitalization of the
world's top 100 companies (Table 3).

According to table. 2 can be seen that the position of Saudi
Arabia has improved due to the above-mentioned company Saudi
Aramco, so, the country rose from 17th to 3rd place. During this
period, Saudi Aramco acquired the Saudi Basic Industries
Corporation (SABIC), and as of March 2019, SABIC was the only
company in Saudi Arabia.
The position of the United Kingdom fell from 3 to 5 place,
despite the fact that the same number of companies on the list.
Some of the largest reductions in market capitalization in the three
months to March 2020 were demonstrated by British companies,

Table 3Comparative analysis of market capitalization by sectors of companies, December 2019 - March 2020

ector
Domestic services
Telecommunications
Healthcare
Industry
Consumer goods
Technologies
Oil and gas
Resources materials
Finances
Utilities
Source: built on [1]

Change in market
capitalization, %

-6
-14
-11
-19
-14
-11
-24
-20
-23
-1

Change in the
sector
performance
index, %
-33
-16
-12
-27
-18
-14
-44
-28
-32
-16

Utilities is a new sector that is included in the analysis only in
2020 due to the inclusion of NextEra Energy (renewable energy
producer) in the ranking of the top 100 companies in the world. As
of December 2019, the company was ranked 92nd, rising to 63rd
place in March 2020.
Three months before March 2020, when the global situation
with COVID-19 was developing rapidly in a negative direction for
the world economy, all indices of leading sectors ranged from 12%
to 44%. During the same period, although the market capitalization
of the world's top 100 companies by sector also declined
significantly, in all sectors it exceeded its respective industry
indicators. This is consistent with the view that scale brings
resilience to TNCs and protective qualities for investors seeking to
expand their spheres of influence.

Market
capitalization,
03.2020, billion
dollars
2876
782
2968
504
2222
6258
2428
92
3224
118

Number of
companies,
03.2020, pieces
10
5
19
5
13
20
8
1
18
1

Market
capitalization,
12.2019, billion
dollars
3066
904
3325
623
2590
7-26
3187
114
4206
118

The oil and gas sector has suffered the most from the largescale impact and uncertainty caused by COVID-19, with the overall
decline in the industry index being 44%. With the exception of
Saudi Aramco, the world's top 100 companies recorded a 37% drop
in market capitalization (24% including Saudi Aramco).
According to the general market indicators, the top 100
companies in the sectors of financial activities, resource materials
and industry also underwent significant negative changes in market
capitalization during the three months to March 2020.
Three months before March 2020, consumer services
companies Netflix and Amazon saw an increase in market
capitalization, reinforced by traffic restrictions imposed by
governments in an attempt to slow the spread of COVID-19. The
increase in these two companies partially offset the decline in
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market capitalization of all other companies in the sector, leading to
a net reduction of only 6% (compared to -33%, which is observed in
the total of all companies in the top 100).
So, three months before March 2020, the global market has
identified winners and losers in the sector, and companies in the

technology and health sectors are clearly ahead of the financial and
oil and gas industries. In addition, the top 100 companies showed
corresponding changes in market capitalization, corresponding to
their individual circumstances of economic activity (Tab.4)

Table 4 Comparative analysis of the top 10 global companies with the largest relative increase and decrease in market capitalization,
December 2019 - March 2020
The company name

Country of base

Sector

Change in market
capitalization,%

Leading companies in increasing market capitalization
Consumer goods
28
Services
16
Healthcare
14
Technologies
12
Telecommunications
12
Services
6
Healthcare
5

Market capitalization,
December 2019,
billion dollars

Market capitalization,
March 2020, billion
dollars

75
142
82
144
93
916
126

96
165
94
161
105
971
133

139
461
279

144
469
280

174
228

88
117

Tesla
Netflix
Gilead Sciences
Nvidia Corporation
NTT Docomo
Amazon
Eli
Lilly
and
Company
Novo Nordisk
Tencent
Roche Holding AG

США
США
США
США
Японія
США
США

Citigroup
Wells Fargo &
Company
AB InBev
Exxon
Mobil
Corporation
Royal Dutch Shell
Bank of America
Chevron
Corporation

США
США

Healthcare
4
Technologies
2
Healthcare
0
Outsider companies by increasing market capitalization
Finances
-49
Finances
-48

Бельгія
США

Consumer goods
Oil and gas

-46
-46

165
295

90
161

Великобрита-нія
США
США

Oil and gas
Finances
Oil and gas

-42
-42
-40

234
317
228

135
185
136

Finances

-37

437

277

Services

-33

261

174

Oil and gas

-32

127

86

Данія
Китай
Швейцарія

JPMorgan Chase & США
Co.
Walt
Disney США
Company
BP
GB
Source: built on [1]

economy through the implementation of their own strategies, both
purposefully and indirectly;
- TNCs can negatively affect the macroeconomic balance in
the country, as they can change the relationship between
macroeconomic indicators due to the great opportunities in the field
of cross-border movement of factors of production and profits;
- TNCs are able to monopolize the technologies produced in
the framework of their research and development and thus restrain
the technological development of the country;
- TNCs can negatively affect the environmental situation in
the country through the organization and location of "dirty"
production;
- the ability of TNCs to use transfer pricing within the
company leads to a decrease in the competitiveness of national
markets and the effectiveness of economic policy;
- TNCs are able to lobby their interests in government, which
can lead to the adoption of laws that are convenient for TNCs and
unfavorable to the overall economic development of the country.
The analysis of the work revealed that the market
capitalization of multinational companies in the top 100 decreased
by 3905 billion dollars. (15%) to $ 21,471 billion. as of March
2020.
However, it should be noted that these global companies have
shown significantly better results than smaller representatives of
their sectors. This is a sign that when choosing the most favorable
TNCs to invest in sectors of the world economy, investors should
evaluate the combination of economic sustainability and protective
qualities of large companies, as well as their ability to invest in
eliminating the negative effects of market fluctuations.

Thus, even under the influence of COVID-19, Tesla has
shown the largest increase in three months to March 2020. The
results of trading in the IV quarter of 2019 exceeded market
expectations, and the company's share price satisfied traders who
covered their short positions [7].
Other companies that showed an increase in market
capitalization during the period under review, including Netflix and
Amazon, had increased demand for their services due to the
constraints imposed by governments as measures to curb COVID19 [8].
In contrast, the restrictions had a negative impact on the
multinational brewery AB InBev, especially on its local sales,
whose market capitalization fell by 46%.
After the cessation of theme parks, resorts, film productions
and cruise liners, three months before March 2020, the Walt Disney
Company recorded a 33% decrease in market capitalization.
Positive impact on subscription to Disney + was not enough to
compensate for the negative impact COVID-19 on the main
business of this company.

3. Conclusions
It was found that at the heart of all the contradictions between
the interests of TNCs and the state is the contradiction between the
international global nature of TNC operations and the territorially
limited jurisdiction of the state. As a result of these phenomena, we
can observe the following processes:
- due to the differences between the goals of TNCs and the
state, corporations can hinder the development of the national
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An evaluation of wind energy potential in Topoja area, Albania.
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Abstract: Climate change and efforts to reduce greenhouse gas emissions, have significantly increased interest globally in implementing
technologies utilising renewable energy sources such as wind energy. This rise in interest it also in countries in which there is a lack of data
showing longitudinal measures of wind speed. Balkan Wind Atlas was developed from Sander&Partner Institute in October 2014. It offers
wind maps that are suitable to identify the windiest areas covering a surface of 325 000 km2 and a database for secured planning of wind
energy for Albania, Kosovo, North Macedonia, Montenegro and Serbia. This study investigated the high level of consistency of empirical
wind measurements conducted on-site, compared to the ones offered in Balkan Wind Atlas. We also explore the ways of utilising the atlas
through the WasP software to study wind potencial even in those areas where there are no on-site measurements, thus lowering costs for
investments in wind farm projects. The evaluation of the wind energy potential in Topoja area was taken as a case study.
Keywords: WIND ENERGY DATA, BALKAN WIND ATLAS, WAsP, ALBANIA.
cooperation with Department of Physics in University of Genova,
based on an agreement between the Albanian government and the
Italian Ministry for Environment, Land and Sea (IMELS), on 30
July 2008 in Tirana[8]. Figure 1 shows the map of average wind
distribution over the territory of Albania assessed at a height 50m
above the ground level.

1. Introduction
Renewable power generation is becoming the default economic
choice for new capacity. Solar PV and onshore wind projects are
able to produce power for less than the cheapest new fossil fuelfired cost project. It has become clear that renewables will become
the backbone of the electricity system and help decarbonize
electricity generation [1]. For the most of world’s population,
electricity production from new renewables is more cost effective
than from new coal-fired power plants [2]. 2020 was the best year
in history for the global wind industry with 93 GW of new capacity
installed, driven by China and the US [3]. For onshore wind
projects, the global cumulative installed capacity between 2010 and
2020 grew from 178 GW to 699 GW [1].
In most of Europe, the increase in utilization of wind power for
electricity has resulted in increased economic stability against
fluctuating fuel prices. Renewable energy sources are able to reduce
the European Union’s dependence on foreign energy imports, also
meeting sustainable objectives to tackle climate change and to
enhance economic opportunities[4].
One of the major economic advantages of harvesting wind
energy in Albania is the reduction in the country’s economic
dependency on hydropower for producing electricity. Based mostly
on one source of the energy resources, Albania has been facing
severe energetic crisis which express visibly the high scale of the
hydrological risk in the stability of electricity generation for the
uninterrupted supply of customers of the Electricity System[5].
Albanian government has considered the promotion of renewable
energy use as an important tool of energy policies for the increase
of the security for energy supply, economic development, energy
sector sustainability and environment protection[6].

Fig. 1 The map of the distribution of average wind speed at 50m above
ground level, over Albanian territory.

But the lack of long-term measurements by the standards
required by the assessment of wind farm projects, is among other
reasons, that has hindered the development of this energy sector in
Albania. The history of wind speed measurements in Albania is
mainly related to meteorological studies for weather forecasting or
for air and naval services. Many researchers have noted that a major
barrier to deployment in many regions of the world is a lack of
reliable and detailed wind resource data[7]. On the other hand, wind
data analysis and accurate wind energy potential assessment is
critical for proper and efficient development of wind power
application and is highly site dependent. The wind potential
assessment of a site requires the knowledge of statistical
characteristics, prediction of wind speed, persistence, availability,
diurnal, and monthly variation, etc.[7].

And undoubtedly an important development was the publication
in October 2014, with the support of the Bank KfW which has
financed many energy projects in Albania, the Wind Atlas for
Balkan Peninsula, by the Sander & Partner Institute(Fig.2). This
atlas offers wind maps that are suitable for identifying windy areas.
It includes wind data for more than 40,000 locations in the form of
30-year time series data with a 3km resolution, including wind
speed and direction, temperature and air pressure, and solar
irradiation. The Wind Atlas for the Balkans offers wind maps and
data for it covering the territories of Albania, Kosovo, North
Macedonia, Montenegro, and Serbia. The weather model calculates
the wind under the influence of the regional topography and other
regional features like vegetation or the water exchange from the soil
to the atmosphere(Wind-Atlas-Balkan, Workshop, October 23,
2014, Tirana).

The most serious effort for wind resource assessments in
Albania was the study conducted from CETMA Consortium in
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Wind direction was acquired through wind vanes mounted at 45m
and 55m height. Air temperature was measured on height 13m.

Fig. 3 The site of Mamaj, Tepelenë, Albania

The meteorological measurement data were obtained from 2
measurement stations installed in two separate towers(Valley and
Hill tower) with a height of 60m each and in a distance of about
800m from each other(Fig. 4). The geographical details of the data
measurement stations are given in Table 1. State-of-the-art wind
data analysis tool Windographer(2011) was used for obtaining the
statistical summaries of all the data: diurnal and seasonal variation
of the wind speed, seasonal Weibull shape and scale parameters,
wind power density, vertical wind shear, etc.

Fig. 2 Map of areas with wind energy potential, good wind conditions,
no conflicts with inhabited areas and respecting natural parks.

In this study, data collected over a 15-month period (March 19,
2013, to June 14, 2014) in Mamaj, Tepelena, were compared with
those obtained from Wind Balkan Atlas for the closest point to this
area in 2013 which make up the last year of the atlas data. By this
comparison was investigated the high level of consistency of
empirical wind measurements conducted on-site, compared to the
ones offered in Balkan Wind Atlas. Furthermore, using the
longitudinal data from Balkan Wind Atlas is very useful for
investors. By using the WAsP (Wind Atlas Analysis and
Application Program) software, investors can develop wind
potential distribution maps (resource grids) at 50m above ground
level for the site of interest. The initial evaluations of the wind
conditions are typically based on numerical products, such as wind
atlases, which generally provide convenient, fast, and easy access to
estimations of the characteristics wind conditions at a site[9].
Wind Atlases are produced for many countries including Egypt,
South Africa, Finland, Germany, Greece, Russia, Iceland[9],
Oaxaca(Mexico)[10], Armenia[11], etc. They are used for
assessment of wind energy potential in several topographic regions
all over the world, for determining the location of areas with high
wind potential and for setting up wind farms, such as: Eritrea[12],
Thailand[13], Spain[14], Qatar[15], etc.

Fig. 4 The location of the measurement towers in the site of Mamaj,
Tepelenë, Albania
Table 1: Geographical Details of Data Collection Station.
Station
Latitude (0)
Longitude (0)
Valley
20.0166E
40.3233N
Hill
20.0090E
40.3090N

The goal of this study is to raise awareness to both Albanian
and foreign investors on the usefulness of Balkan Wind Atlas’s data
for assessing wind potential in areas of interest. This data would
help investors find the appropriate location of anemometric towers
to run on-site measurements of wind speed. Furthermore,
considering that areas of interest for Albanian investors are
relatively small, as well as that the Energy Regulatory
Authority(ERE), approved Feed-in-Premium tariffs of 76€/MWh
for wind farms up to 3MW installed power on July 27th, 2017, there
is a high incentive for wind farm engineers to utilize data from the
Balkan Wind Atlas as well as the WAsP software. Making use of
these tools would allow them to correctly choose the exact location
and type of wind turbines to produce the highest capacity factor, as
well as cut down on significant costs.

Altitude (m)
158.3
311

The data collected for the period March 2013-December 2013
from the anemometric tower installed in the valley, were compared
to those extracted from the hypothetical anemometric tower of
Balkan Wind Atlas for this area in 2013.
Geographical coordinates of the location of these two towers are
shown in the Table 2. The distance between them is 580m.
Table 2: Geographical Details of Data Collection “Atlas” and Valley tower.
Station
Latitude (0)
Longitude (0)
Altitude (m)
Valley
20.0166E
40.3233N
158.3
“Atlas”
20.0120E
40.3160N
147

2. Materials and Methods

Figure 5 shows the reciprocal position of Valley tower and the
hypothetical anemometric “Atlas” tower which is closest point to
this area obtained from Balkan Wind Atlas.

In the area of interest in setting up a wind farm, in Mamaj, north
of Tepelenë, Albania (Fig.3), measurement campaign started on
March 19, 2013, and lasted until June 14, 2014. Wind speed data
were acquired through anemometers with 3 cone shaped cups
installed on 40m, 50m and 60m height and averaged every 10min.
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Many records (about 4%) from on-site measurements conducted
during these months were considered erroneous and were deleted.
We stress that the cone-shaped anemometers lacked a calibration
date. But in terms of overall average wind speed for this period, the
mismatch was about ±5%.
WAsP (Wind Atlas Analysis and Application Program) was
used to determinate Observed Wind Climate(OWC), by using the
wind speed and direction information. The WAsP is a PC software
that extrapolates vertical and horizontal statistics regarding wind
climate[16]. WAsP simulation program is a program that can
conduct an analysis by using the wind speed data obtained from
meteorological stations and analyzes the data by modeling
regarding the direction of wind on the land to establish wind
farms[17].
According to the data coming from Observed Wind Climate
(OWC) from each anemometric tower, the average wind speed at
50m above ground level, for Valley tower was U=5.32m/s from
March 2013 to June 2014, while the average wind speed for “Atlas”
tower was U=5.52m/s from January 2013- December 2013. In this
case the mismatch rate was ±3.7%.
Therefore, the long-term data coming from Balkan Wind Atlas
can be used with high confidence especially in non-complex
terrains of the Western Lowland of the country. According to
National Agency of Natural Resources of Albania, 4 investment
company are licensed to develop wind farms with 3 MW installed
power each of them in the Topoja area which lies in the Western
Lowland, near the Adriatic Sea (Fig. 7).

Fig. 5 The location of the measurement towers in the site of Mamaj,
Tepelenë, Albania

In Table 3 are shown the monthly mean wind speed values for
the period 19 March 2013-December 2013, based on measurements
carried out by the anemometric tower in the valley as well as that
hypothetical “Atlas”.
Table 3: Mean monthly wind speed respectively by the “Atlas” and Valley
tower for the period March 2013-December 2013.
Mean wind
Mean wind
speed (m/s) by
speed(m/s) by
“Atlas” tower
Valley tower
March 2013
7.52
8.3
April 2013
4.84
5.04
May 2013
5.31
5.43
June 2013
4.98
3.77
July 2013
4.63
3.84
August 2013
4.48
3.92
September 2013
4.38
4.2
October 2013
5
4.7
November 2013
7.31
6.8
December 2013
4.86
4.602
Overall Mean
5.331
5.0602
Wind Speed

Fig. 7 The Topoja area, Fier, Albania.

The best wind potential area is shown in Figure 8.

The graph (Fig. 6) reveals a noticeable trend where the data
from Balkan Wind Atlas matches the measured data.
The greatest data discrepancy pertains to months June, July, and
August.

Fig. 8 The windiest site in Topoja area, Fier, Albania.

This is an area of 5.6km2 and 2-2.5m above sea level. Data
obtained from Balkan-Wind-Atlas for the period 2000-2013, were
used to study wind climate in the area of interest in Topoja, Fier,
Albania for the hypothetical anemometric tower with the
coordinates 40047’57.5’’N, 19022’08.7’’E whose position on the
topographical map is shown in Figure 9.

Fig. 6 Mean monthly wind speeds in 2013, by Balkan-Wind-Atlas and
actual data measurement in Mamaj, Tepelenë, Albania
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Furthermore sensitivity economic analysis would help the decisionmakers to estimate the sensitivity of important financial indicators
in relation to key technical and financial parameters in order that the
investments in Topoja area to consider acceptable [19].

3. Conclusions
This study supports the idea that the use of Balkan Wind Atlas
data is an important tool for identifying areas with wind energy
potential especially for countries where long-term measurement
data is lacking. To increase reliability in Balkan Wind Atlas, data
collected over a 15 month period (March 19, 2013 to June 14, 2014)
in Mamaj, Tepelena, were compared with those obtained from
Wind Balkan Atlas for the closest point to this area in 2013. This
reveals a noticeable trend where the data from Balkan Wind Atlas
matches the measured data. In this case the mismatch rate was
±3.7%.
The long-term data coming from Balkan Wind Atlas were used
to evaluate the wind energy potential in one of the non complex
terrains of the Western Lowland of the country, in Topoja area. The
wind turbine, was located by WAsP in the windiest area given by
Balkan Wind Atlas. The average wind speed and the wind power
density at 50m a.s.l are 5.10m/s and 185 W/m2 respectively. This
identifies the Topoja area as class 1 wind power.

Fig. 9 The hypothetical anemometric tower in Topoja area, Fier,
Albania.

According to the Observed Wind Climate(OWC) of the
hypothetical anemometric atlas tower, mean wind speed and the
power density in 50m a.g.l. were found to be 5.08m/s and
150.27W/m2 respectively. Turbine with 50m height hub was placed
in the area and by using WAsP software wind rose and Weibull
distribution were studied (Fig. 10), (Fig. 11). It is noted that the
probability of having wind speeds above 5.5m/s in 50m a.g.l is
36.6%.

Provided with this context, there is high interest in comparing
these data to those of real measurements being carried out on the
ground. The comparison will further increase the reability of Balkan
Wind Atlas data which will eventually serve as a tool for conducting
initial assessments of wind potential in areas of interest to investors
in the field.
Conducting a thorough analysis on wind potential in areas of
interest is particularly important in a country like Albania where no
wind farms have been established yet. Assessing wind energy
potential as well as conducting an economic sensitivity analysis will
be crucial for guaranteeing success for future investors.
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According to the wind turbine, the average wind speed, and the
wind power density at 50m a.s.l are 5.10m/s and 185 W/m2. This
identifies the Topoja area as class 1 wind power[7].
However, of interest will be comparing these results with those
of real measurements that are being carried out on the site.
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Abstract: The future development of the renewable energy sector in Bulgaria is already set by the European Commission in the "Energy Map
of Europe - 2050". The goals of the Green Deal should not predominant the goals of environmental protection and reverse. Bulgaria should
ensure balance and sustainability in the development especially of wind energy sources due to the fact that most energy potential areas fall
in the protected areas and territories by Natura 2000. The biggest such conflict observed in that report is the region of North- Eastern
Bulgaria. The production of electricity from wind is one of the activities that has a potential impact on birds. For this reason, the subject of
this study analyses the available data and summarize the birds’ impacts of wind generators in the region of North - Eastern Bulgaria.
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of this shortcoming, some investors administratively "transform"
their large-scale projects into several smaller projects [4,5].

1. Introduction
The decarbonisation of Europe has been identified as a possible
scenario according to the 2050 Energy Map of Europe. Bulgaria, as
an EU member, should participate in the implementation of
generally accepted policies in the field of renewable energy sources.
On the one hand the State should introduce measures to stimulate
new capacity from renewable energy sources for the purpose of
saving harmful emissions and providing energy security and on the
other hand, Bulgaria should ensure balance and sustainability in the
development of renewable energy sources with the objectives of
environmental protection.

For the period 2003-2015:
- a total of 910 pcs. investment intentions for the construction of
WPPs with a total number of 3233 wind turbines have been
announced;
- for the same period 676 of the total number of proceedings;
- 910 projects have completed the procedure;
- 6 are canceled after the preparation of the EIA;
- 228 are in the process of approval/rejection;
- Only for 133 project has been issued an EIA decision, as 6
projects with EIA have not been approved and 2 projects have been
canceled, the remaining 777 projects are allowed without a decision
to assess the need for EIA. Although projects with single wind
turbines are predominant, there are also those with up to 12 wind
turbines;

Despite the advantages of wind energy technologies such as no
emission of harmful gases, minimum amount of water consumption
during its operational period, the possibility of 80% recycling, huge
amounts of CO2 saved per year, minimum sealing area per unit of
installed power and others, there are some points of conflict that
should be resolved in order to ensure a balance between economic
goals and those of environmental protection.

Built at the end of 2015 are:
- 148 wind energy projects with a total number of 381 wind
turbines, as 738 wind energy projects with a total number of 3182
wind turbines have not been built so far, 11 have a building permit
and 16 have no information.
The following facts concerning the conflict of interests between
the economy and the environment are worrying:
- 18 WPPs with a total number of 254 wind turbines fall
partially or completely in protected areas. The largest number of
wind turbines is in Protected Areas SCI BG0000573 "Kaliakra
Complex", SPA BG0002051 "Kaliakra" and Protected Area "White
Rocks", SPA BG0002097.
- as many as 35 wind generator located on the land of the
village of Balgarevo representing one wind energy project and
another 33 of total of 52 wind turbines owned by another investor
have been built and are currently operating, fall entirely into
protected areas "Complex Kaliakra" and "Kaliakra", which are
partially overlap (Fig. 1).
- another 32 wind turbines located on the territory of the
protected areas in the area are planned and allowed for construction,
but at the moment there are no official data whether they have been
built or not.

In Bulgaria, the highest concentration of wind energy capacity
is observed in the region of northeastern Bulgaria, where the second
largest migration route Via Pontica (Eastern European Migration
Stream) passes.
The subject of the present study is focused on processing and
analysis of information obtained on the basis of: radar data from
wind energy projects in the region; data from a team of 25 experts
from 8 governmental and non-governmental organizations prepared
an "Integrated Spatial Planning Plan in the Kaliakra region"; data
from the Regional Inspectorate for Environment and Water - Varna;
decision of the Court of Justice of the European Union of 14
January 2016 in case C-141/14; extended complex forensicecological expertise in administrative case № 3774/2014 of ACVarna; impact monitoring reports; LIFE + project; BSPB reports
[1,3,6,9,10].

2. Results and discussion
According to data from the Ministry of Regional Development
and Public Works obtained on the basis of the Law on Access to
Public Information from the Regional Inspectorate for Environment
and Water - Varna (RIEW - Varna), on whose territory is the main
concentration of wind power in Bulgaria can be summarized the
following data [1]:
For the period 2003-2009:
-2840 applications for wind energy project (WPP) installations
were submitted.
- 83% of them do not have an environmental impact assessment
(EIA) [1,2,3].

However, the data obtained on the basis of the Law on Access
to Public Information from RIEW-Varna[1] do not completely
overlap with the data available from the Integrated Management
Plan for Protected Area SCI BG0000573 "Kaliakra Complex" for
protection of natural habitats and wildlife and protected areas SPA
BG0002051 "Kaliakra" and SPA BG0002097 "White Rocks" for
the protection of wild birds, developed by a team of 25 experts from
8 governmental and non-governmental organizations[6]. The
integrated management plan was commissioned and prepared as
part of the effective measures of the Bulgarian state in accordance
with the decision of the Court of Justice of the European Union of
14 January 2016 in case C-141/14 on insufficient classification of
territories as a special protected area certain projects in the Kaliakra
region [6,7].

Most of the applications are for single wind turbines or for less
than 7 wind turbines in a project, which is used to avoid an EIA
procedure.
This is one of the shortcomings that the Ministry of
Environment and Water finds in the procedures. Taking advantage
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population of this endangered species winters in the Coastal
Dobrudja.
Studies during the period after the construction of wind turbines
in this area, found the presence of red-breasted geese with varying
numbers in agricultural lands included in "Kaliakra" and the
adjacent fields every winter[14,15,16, 17].
In order to establish the dynamics of the number of this globally
endangered species in this area, data from the daily reports of
Protected Area "Kaliakra" - surveyed for the presence of feeding
red-breasted geese during the winter periods of 2008, 2009, 2010,
2011, 2012, 2013 and 20014 years in the course of systematic
monitoring by the team of ornithologists of St. Nicholas WPP [17].
The comparative analysis of these data in terms of feeding
places, as well as the total number of geese, including the globally
endangered species of red-breasted goose shows the use of the same
areas before and after construction of wind turbines in PA
"Kaliakra". In the course of the field work on the plan in the winter
of 2014-2015, these results have been confirmed. In the last
included in the report season, through special observations on the
behavior of geese near the turbines, no changes in behavior
associated with avoiding, turbines. The low number of geese
wintering in Bulgaria and the low number of geese in Kaliakra
protected area in the winter of 2014/2015 did not allow detailed
measurement of the areas avoided by feeding geese due to the
proximity to the turbines. This important indicator is calculated
from data from previous seasons (2012/2013), when the abundance
of geese in PA "Kaliakra" allows calculating the average area
around each wind turbine that geese could not use in ideal
conditions (when the field is sown with appropriate culture from the
food spectrum of geese). The distance at which geese avoid wind
turbines in wheat fields can be considered as a habitat and varies
from 120 to 40 meters, with an average of 80 meters around the
wind turbine. Given the size of the habitat and the abundance of
food resources in the coastal part of Dobrudja, it is untenable to
consider the possibility of direct impact of wind turbines, at their
current number, on the food resources of wintering geese in the area
of Kaliakra goose.

Fig. 1 General view of the 2 largest wind farms located Kaliakra
Complex Protected Areas and Kaliakra Protected Areas
The total number of built and operating wind turbines (WG),
subject to the Decision of the Court of Justice of the EU, is 101, of
which 86 fall within the boundaries of SPA BG0002051 "Kaliakra",
and the remaining 15 WG are outside the boundaries of the
protected area[6].
The operative part of the Judgment of the Court of Justice of the
EU states that the pursued government policy has led to a conflict of
interest between the economy and ecology in this area.
The impact on wildlife that can be caused by wind turbines can
be divided into direct and indirect. The direct impact is the
probability of death due to a collision with the wind turbine, while
the indirect impacts are avoidance, habitat disturbance and
displacement. However, the impacts are smaller than other energy
sources. Studies also show that climate change poses a much greater
threat to wildlife. Some studies show that the number of birds killed
by wind turbines may be insignificant compared to other human
activities[7].
Tab 1. Leading causes of human-related bird mortality in the US [8]
Causes related to human activity
No. killed birds for 1
year. (million)
Cats
Buildings
Hunting
Vehicles
Communication towers / facilities
Pesticides
Electricity / distribution network
Wind generators

Factors related to changes in land use could have significant
effects on the number of geese wintering in the area. This is directly
related to the main food of geese in winter - cereals. To analyze the
conditions of land use, we have analyzed photos of the territory
during the periods of restoration of ownership of agricultural land in
Bulgaria.

1000
100
100
60–80
10–40
67
0.01–174
0.15

Analysis of the potential barrier effect on the geese wintering in
Kaliakra was performed according to the data from the special 3D
radar "ROBIN" designed to study the risk to birds in the area of the
wind farm of EVN Bulgaria [14]. During the period of the most
intensive flight of geese observed synchronously by the project
team and the radar, the trajectories of the passing geese presented
below were analyzed.

According to an extended complex forensic environmental
expertise in administrative case №3774/2014 of AC-Varna, the staff
of experts together with foreign experts found after a study in the
Burgas region, where unlike northeastern Bulgaria there is a narrow
front of birds, in period 2012 - 2014 the numbers of migratory birds
are many times higher, regardless of the established parks in
Bulgaria and Romania, without this having in any way affected the
documented mortality of operating parks[78]. The number of
reported victims in the St.Nicolas Wind Farm (2010-2013) is within
the limits of the natural mortality of the species for which dead
birds have been reported. It varies from 5 to 60% per year for
different species and is the largest among juveniles and the smallest
among birds of reproductive age[9].

Figure 2 presents information about the flying geese by hours of the
day during one day on 11.01.2015, when the most intense flight is
observed this season. It is covered all day long. The geese were
counted not only above the point, but in a perimeter of 20 km,
which allows to assess whether there is avoidance of the area with
generators in a larger perimeter.
No direct collisions of geese with wind turbines have been
identified. No signs of a barrier effect have been identified in
macro-geographical terms leading to the avoidance of the area of
PA "Kaliakra". Changes in the direction of the flight and bypassing
of certain groups of people or cars parked in the protective belts
have been established, indicating to the birds the presence of
hunters. Bypassing such hunting groups is a major factor
influencing the direction and altitude of geese in this area.

Bulgaria is the second largest ornithological biodiversity in
Europe[13]. This is confirmed by the fact that the country
represents 78% of the total European bird life, including globally
endangered species[11,12]. Due to that fact Bulgarian is
internationally responsible for the protection of vulnerable and
endangered bird species.
In our country the number of wintering birds of European
conservation importance exceeds 200 species[11,12]. Among them
is the red-breasted goose (Branta ruficollis). Almost the entire world
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Sea coast communities (steppes) bunting for protected area
"Kaliakra" [6].
Data from an analysis of the systematically studied mortality of
birds from collisions with turbines of the St. Nicholas WPP show
that only 4 of the 127 target species for the Kaliakra have been
affected. For four years, during which systematic inspections of
each of the 52 turbines were carried out, once a week 1 meadow
woodpecker, 4 big-billed larks, 2 coots and 5 yellow-legged gulls
were found dead. All four species have numerous populations with
increasing tendencies, which has served to identify them as nonendangered according to the World Conservation Union.
Studies of bird mortality from various anthropogenic
environmental factors include the area with all available facilities,
as well as the available road network in the area.
During the period 26.08-30.09.2014 a daily monitoring of bird
mortality was carried out on 7 km a section of a secondary road
connecting the settlements of St. Nikola and Tyulenovo, Kavarna
municipality. A total of 107 bird carcasses were identified during
the monitoring period. A study found mortality of more than 14
birds per kilometer in 30 days of the autumn migration period.
Recalculated for the whole season of the entire road network (about
100 km) the mortality from collisions with cars in the territory
amounts to over 1500 birds per month[14].

Fig. 2 Total number of geese flying through the territory 11.01.15
The main part of over 20000 flew through "Kaliakra" mixed
flocks of red-breasted geese and large white-fronted geese have
passed at altitudes between 100 and 200 meters, ie. above and
between running generators. On the same day, observations and
inspections under the turbines did not reveal any geese killed in the
collision. Collisions of geese with generators have not been
established by a systematic study of 52 turbines in "Kaliakra"
during the last 5 winter seasons. However, taking into account the
large numbers of geese flying through the protected area "Kaliakra",
especially on days with reduced visibility, the risk of collision may
increase significantly. Therefore, this measure has proven its
effectiveness, which has been applied for many years in the current
wind farm St. Nicholas, turbine shutdown system at risk to birds.

The results of research on wintering geese as the main longterm threats in the Kaliakra Protected Area indicate hunting and
unrest in the area identified daily by a team of experts working
during the winter season of 2014-2015.
The largest share of identified threats are those of the groups
"Human Intervention and Concern", "Agriculture", "Biological
Resources", "Urbanization" and "Pollution" [103]. Most threats are
related to human activity, much less are threats related to natural,
natural processes. As a result of the use of the lands in the territory
of the three protected areas, fragmentation of the habitats of the
species subject to the Habitats Directive and the habitats of wild
birds subject to the Birds Directive is observed. The main factors
are: the plowing of areas; chemicalization in agriculture;
unbalanced agricultural practices; burning stubble and headlands.

Up to date, there is no evidence of a direct impact of wind
turbines in the area on the geese wintering there. No systematic
collision of geese of any species with turbines has been identified
after a systematic study of turbine mortality over 5 years. No
indirect effect has been identified, such as the displacement of
feeding areas and migratory routes of wintering geese in the area,
known as the displacement or barrier effect. The probable cause can
be compared with some distances and facts. Each turbine emits a
sound audible in a wide range. For both humans and animals,
standing 50 meters from a running turbine causes obvious
discomfort. The distance at which the suction effect is established
and the turbulence behind the propeller is below these 50 meters.
This suggests that the repulsive effect of sound pollution acts as an
alarm and reduces the likelihood of impact, collision and mortality.
Fixed objects do not create noise pollution and do not "irritate" the
birds, on the basis of which it can be concluded that it is probably
easier to hit a bird in a pole/power line than in a working turbine.

3. Conclusion
The production of electricity from wind is one of the activities
that has a potential impact on birds. For this reason, the subject of
this study was to analyze the available data in the period before the
construction of wind farms in the region of northeastern Bulgaria,
which includes 3 protected areas, partially overlapping.
In practice, the main reason for the emergence of a point of
conflict in the interaction between the development of wind energy
and the environment is the territorial overlap between regions with
high wind potential and areas with a high concentration of birds.

Impact monitoring reports from all WPPs in the Kaliakra area
and LIFE + reports for the red-breasted goose show that the geese
do not collide with wind turbines. A comparison of data from
Dereliev's research from the period before the construction of WPPs
in the region and data from BSPB reports in the last three years
shows that despite the forecasts of fragmentation and intimidation geese have not changed the area used for wintering before WPP
construction in area. The data show a concentration of geese near
the two freshwater lakes Durankulak and Shabla, far from the
Kaliakra, as was the case in the period 1995-2000 long before the
construction of WPPs in Bulgaria and neighboring Romania.

The data from the reports, which rank the identified threats in
groups, put the group of "Urbanization of Territories", where wind
energy projects fall, only in third - penultimate place. Leading
groups remain Human Intervention and Anxiety; "Agriculture";
"Biological Resources", and "Pollution"[6]. Contrary to
expectations that the wind turbines built in the region of
northeastern Bulgaria for the reasons described above have a
significant negative impact in terms of mortality, barrier effect and
habitat loss, the results reveal other greater risks for birds.

According to the report from the intact monitoring of Kaliakra
Wind Farm for the study period (July 2008 - June 2009) 940 test
sites were reported (the area covered by the rotor of the wind
turbine - 50x50 meters [14], 3 deaths were found - two young
pelicans in October 2008 and two gray buntings in April 2009.
About 740 up to 2000 pink pelicans passed through the Kaliakra
region in the autumn migration season from 2005 to 2009. The
losses so far established during the operation of the park are
between 0.13 and 0.05% of the pelicans migrating in the region of
Kaliakra or 0.0027% of the population migrating along the Black

The expected noise pollution generated by the wind turbines
turns out to be a noise barrier protecting the birds from collision and
turbulence from the propellers. Data on bird mortality in the region
as a result of collisions with cars or stationary infrastructure such as
the electricity grid are many times higher than those recorded by
wind turbines.
Convergence of meteorological conditions, rapid fall of thick
fogs, strong westerly winds create a precondition for critical
situations. Therefore, a measure has been introduced which has
28
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proven its effectiveness, namely the activation of a turbine shut-off
system at risk to birds.

7.

It is unacceptable for the country to repeat the mistake by
allowing the installation of wind energy sources in the territory
covered by the Birds Directive, regardless of the facts recorded by
the radar system and experts in the region, summarized in the
report. Due to this fact, it is inadmissible for the state to take final
decisions by stopping the implementation of wind energy projects
outside the territories of the Birds Directive.

8.

The future development of the RES sector in Bulgaria is already
set by the European Commission in the new goals in the "Energy
Map of Europe - 2050", namely: reduction of greenhouse gases to
80-95% compared to 1990 levels; 75% share of renewable energy
sources; transition to a competitive low-carbon economy; creation
of a single European transport space; switching off the thermal
power capacities using conventional energy sources; reduction of
nuclear power. These are goals that can be achieved by introducing
more renewable energy capacity into gross final energy
consumption.

10.

The goals of the Green Deal should not violate the goals of
environmental protection. A balance is needed to minimize risks to
the environment, while ensuring clean energy sources and a good
social impact on the population.

13.

9.

11.

12.

14.
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Abstract: An analysis of methodological approaches to the development of a strategy for neo-industrial development of the economy of
various levels was carried out. The absence of systematic ideas about the mechanisms of influence of convergent (NBIC) technologies on
existing production processes and the functioning of societies with the prevalence of predominantly overestimated expectations is shown. A
local assessment of the effectiveness of the application of convergent technologies forms the prerequisites for the emergence of risks with
unpredictable social and environmental consequences. The methodological imperfection of the concept of technology convergence is shown,
due to different principles for the development of technologies with given functionality.
The principle of intellectual convergence is proposed, the implementation of which in the form of integration interaction of the intellectual
potentials of institutional components allows minimizing the risks in the innovative activity of business entities and the sustainable
development of societies.
An expedient methodological approach to implement intellectual convergence is the green life cycle of innovative products.
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convergent technologies, in particular nanotechnologies, is assessed
as a crisis.
In our opinion, the assessment of the prospects for the use of
convergent technologies in the aggregate or their individual
components is of significant scientific and practical interest, both in
terms of economic efficiency and in terms of possible risks in
various forms of their manifestation, including environmental ones.

1. Introduction
The economy of technologically developed countries is in the
stage of transition from the fifth to the sixth technological mode, the
core of which is considered high-level technologies, united by the
concept of convergent technologies - nano-, bio-, info-, cogno(NBIC) [1–12]. The main resource for the development of these
technologies and their practical applications is intellectual products
of various content and scope, which are developed on the basis of
knowledge about the essence of the processes of existence of the
material world and society [1–13]. There has been a characteristic
trend in the use of the term "intellectual" to characterize the
processes that ensure the transition of the traditional economy to a
new one ("post-industrial", "neo-industrial", "digital"). At the same
time, there is a different assessment of the effectiveness of the use
of convergent technologies in the economic development of both
the global system and its state, regional and subjective components.
So in [14] it is believed that the economy is undergoing a
structural shift due to quantitative and qualitative changes [15], and
this shift is “characterized by the key role of convergent
technologies based on recreating the principles of wildlife in
technological processes that have the ability to penetrate and
significantly synergistic potential” (emphasis added – O.A., A.S.,
A.A.) [15, p. 25].
The statement about the possibility of using convergent
technologies to “recreate the principles of living nature” appears in
the works of a number of Russian researchers without a systematic
analysis of their essence and consequences of their application for
the development of the economy and social systems [1–3, 14–17].
For example, in [13–17] they believe that “Nanotechnologies and
biotechnologies provide the key to changing the world of artifacts
and wildlife, including human biology at the most fundamental
level” (emphasis added – O.A., A.S., A.A.) [3, p. 65].
At the same time, in the studies of Russian and Belarusian
specialists, negative aspects of the practical use of convergent
technologies in the development of economic and social complexes
were noted [19–23]. So, in [19], it is noted: “... Through the efforts
of the National Research Center “Kurchatov Institute” in 2009, the
Kurchatov complex of NBIC technologies was created. But already
in the second half of the 2000s, interest in the topic of the NBIC(S)
began to fade” [19, p. 558].
The optimistic forecasts set out in [21] that “... the period from
2014 to 2018–2020. will be the most favorable for the development
and dissemination of a new wave of basic innovations based on
NBIC convergences”(emphasis added – O.A., A.S., A.A.) [21,
p. 222], did not materialize, and real results studies of convergent
technologies in the economy of not only developed countries, but
also developing countries are far from expected. For example, in
[22, 23], the current state of practical application of a number of

2. Results and Discussion
To analyze the features of the influence of convergent
technologies on the development of economic and social systems,
we will proceed from the accepted norms that determine their
essence. The key components of the NBIC complex include
nanotechnologies, which allow the formation of material objects of
various functional purposes for information, biological, and
cognitive technologies. According to [24], nanotechnologies deal
with processes occurring at the so-called “nanolevel”. Therefore,
depending on the position of the researcher, nanotechnology
considers as an object both the nanoobjects themselves and the
materials based on them “nanomaterials”, “nanocomposites”
(emphasis added – O.A., A.S., A.A.).
Therefore, the opinions widespread in literary sources, mainly
of a humanitarian content, that “... Nanotechnologies have appeared
... the logic of development of which is designed to combine the
existing highly specialized science and sectoral economics into a
single picture of natural science, but at a new level of development
of civilization, a new technological way of industrial production
based on the study of individual atoms and molecules” (emphasis
added – O.A., A.S., A.A.) [18, p. 7], and that “Nanotechnology is a
fundamental modernization of all existing disciplines and
technologies at the atomic level. Nanotechnologies change the
principle of creating materials, their properties, that is, the
foundation for the development of all sectors of the economy of the
post-industrial society without exception ” (emphasis added – O.A.,
A.S., A.A.) [18, p. 7], and from the point of view of technical
applications it’s have a pronounced ambiguous character.
It seems to us unreasonable and, from a technological point of
view, not sufficiently correct to say that “... a new stage of
development begins, when we are ready to move from technical
model copying of a “human device” based on relatively simple
inorganic materials to reproducing wildlife systems based on
nanobiotechnologies” (emphasis added – O.A., A.S., A.A.) [16,
p. 15].
The practical spread of these technologies has shown an
incorrect and overestimated assessment of human potential, which
pushes for the need to create "artificial intelligence" and the socalled "posthuman".
Different understanding of the essence of nanotechnologies in
the research of specialists in the field of humanities and technical
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sciences, has led to inflated expectations associated with the rapid
spread of these technologies in the real industrial sector.
A number of researchers believe that modern structural policy is
being formed in the context of a deep crisis in the nanoindustry [22,
23]. In their opinion, the point is not even that the “trillion-dollar
markets” that were predicted to be formed before 2015 have not
been reached, but also that the existing system of adequate
perception of scientific developments in the field of nanomaterials
science and nanotechnologies by existing industries in mechanical
engineering, energy, chemical industry, construction, processing
industry, that is, in those sectors that determine the sustainable
economic and social development of regional and state economic
complexes. In [22], it is rightly noted that the spread of assessments
of the effectiveness of nanotechnologies is due to the fact that,
firstly, “we are talking about a technology of wide application, the
potential of which has not actually been revealed even at the level
of fundamental research”, and secondly, “ ... the total cost of
products produced using nanotechnologies is taken into account,
and not the cost of nanomaterials and nanotechnologies themselves
....", thirdly, "... building descriptive models of the future economy
based on the nanotechnological order" (emphasis added – O.A.,
A.S., A.A.) [22, p. 29–30].
Therefore, fair is the conclusion of Danilin I.V. that “... despite
the success of technology convergence since 2000. the concept
turned out to be poorly operable, becoming rather a metaphor for
the growth of interdisciplinarity” (emphasis added – O.A., A.S.,
A.A.) [19, p. 555]. The conclusion about the prospects for the
development of the concept of convergent technologies is
substantiated: “... its (concept) revolutionary potential is really
significant. However, it was associated not so much with
technological as with institutional and socio-cultural
transformations. In particular, this is the development of human
capital, a change in the logic of the organization of scientific and
technological work, state policy, the formation of a new culture and
ethics of R&D, the systematic improvement of national innovation
systems. Moreover, these ideas implicitly embedded in the concept
were most significant just for developing countries, being a key
condition for accelerating their growth and changing the quality of
their development” (emphasis added – O.A., A.S., A.A.) [19,
p. 555].
Analysis of literature sources devoted to the problem of
innovative development of the economy using high-level
technologies (“convergent”, “breakthrough”, etc.) [1–8, 11, 12, 14–
23, 25–30] indicates the ambiguity of risk assessments, due to the
qualitative transformation of systems for the production of
commercial products, their consumption, information, logistics,
personnel and other support. Primary attention is paid to the social
risks of the transition of the economy to a neo-industrial strategy.
So, in [30] they note that “The strategic course for the
implementation of a new industrial policy should cover not only the
technological and economic systems, but the system of social
relations, in particular relations that develop in the process of labor
activity” (emphasis added – O.A., A.S., A.A.) [23, p. 20]. In our
opinion, the formation of these relations is possible through the
intellectual interaction of the participants in the production process
within the framework of innovation activity and the sphere of
consumption of innovative products.
The concept of "intellectual interaction" is implemented in the
form of a system of intellectual support for the innovative activity
of industrial enterprises of various functional purposes, sectoral
subordination and form of ownership.
The concept of intellectual support for innovation activity
proposed by us makes it possible to eliminate the characteristic
methodological paradox in the discussed approach to economic
development based on convergent technologies. The essence of this
paradox lies in the fact that technology is one of the main end
results of systemic research activities, which is developed in
accordance with specific goals and objectives of practical
application. The developed technology in a specific field of activity
(technical, social, educational, marketing, etc.) has pronounced
signs of isolation, due to the area of their practical application.

Therefore, the convergence (convergence) of technologies from
different fields of application and different functional purposes is a
very difficult problem after their development. This circumstance
reduces the likelihood of achieving a synergistic effect, which
manifests itself in the formation of new aggregate values of the
parameters of the characteristics of a system in which technologies
for various purposes were used.
Thus, the convergence of individual technologies does not have
a common methodological basis, but is carried out with a certain
transformation for each specific area of application.
The proposed principle of intellectual interaction allows for the
convergence (convergence) of the intellectual potentials of
specialists from research, educational, industrial components of the
innovative cluster structure and develop a product (technology) that
optimally takes into account the features of all components with a
synergistic effect.
Therefore, the concept of convergence of intellectual potentials
makes it possible to eliminate the methodological paradox
(inconsistency) of the components of functional technologies at the
stage of joint development. The implementation of this concept in
the structure of a research, educational and production cluster
(REPC) [31, 32] makes it possible to transform the educational
component for training specialists in the development and
implementation of high-level technologies, including convergent
ones, by increasing the research and experimental components in
the educational process. At the same time, the scientific component
of the cluster will expand the scope of exploratory research by
involving teachers, students, undergraduates and graduate students
of universities in their implementation as part of the implementation
of practice-oriented diploma and dissertations with a significant
fundamental component.
An analysis of the literary sources devoted to the study of the
formation and development of a neo-industrial economy based on
the extended use of high technologies [1–23] shows the validity of
using the concept of the life cycle of innovative products to develop
effective methodological approaches.
The essence of this concept in the context of intellectual
convergence is not only the development of innovative products
with high consumer characteristics that provide a significant
economic effect from the sale in the domestic and foreign markets,
but also the minimization of the prerequisites for the formation of a
negative technogenic impact on the environment at all stages of the
life cycle.
The practical implementation of this methodological approach
consists in the development and application of complete-cycle
technologies for green enterprises for various purposes,
departmental subordination and ownership in the application of a
set of green legislation in the form of state, industry standards and
subject regulatory legal documentation (technical specifications,
technological regulations, technical processes, etc.) at all stages of
the product life cycle. The principles of development and
application of these components of the green life cycle of
innovative products are considered in [33].
The implementation of the concept of ecologized legislation
will reduce the negative environmental consequences of the
convergent technologies used, primarily nanotechnologies,
biotechnologies, which have an adverse effect on the basic
components of flora, fauna and the human body [24, 33].
The practical implementation of eco-friendly life cycles of
innovative products based on the concept of intellectual
convergence will ensure sustainable economic and social
development of the economies of the post-Soviet countries in the
near and long term, while maintaining ecological balance.

3. Conclusion
An analysis of modern approaches to the development of a
methodology for the neo-industrial development of the post-Soviet
states indicates a significant impact of overestimated forecasts for
the use of convergent technologies (NBIC-complex) in the current
production sector and the social sphere of consumption of
innovative products. To develop a strategy for the formation of neo31
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industrial economies, there is no systematic approach to assessing
risks in various forms of their manifestation, which does not allow
to fully predict the depth and timing of the onset of negative
consequences in the functioning of societies and environmental
components.
The concept of intellectual convergence is proposed, which
allows, based on the integration interaction of intellectual resources
of research, educational and production components, to reduce the
likelihood of risk formation in various forms of their manifestation.
The expediency of forming, on the basis of the concept of green
legislation, green life cycles of innovative products, the practical
implementation of which will ensure sustainable economic and
social development while maintaining ecological balance, is
substantiated.
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Abstract: A lot of techno-economic analyses have been conducted to seek the most cost-effective solution for electricity generation applied
in the interval time of 25 years of project life. The actual benefits taken from small PV plants up to 2MW have been identified, as well as the
effects of the most sensitive parameters, such as installation price, incentives and other credit options such as carbon credit rate or feed in
tariff. The output carried out from the simulation performed in RETScreen Expert tool shows that PV system represents the best solution to
provide free carbon and costless electricity to run the water pump for sprinkler irrigation in the agriculture sector in Albania. The
environmental benefits have been also addressed, evaluating the CO2 emissions saving achievable from the PV system operation and some
financial aspects such as simple payback period (SPP), NPV, IRR. The annual electricity production from PV plant located in the village of
Tërbuf, Divjaka Municipality with an installed capacity of 2MW results 3319MWh and would avoid 3253 tCO2. The effects of ETS schemes
on the LCOE from small PV plants are highlighted.
KEYWORDS: PV, RETSCREEN EXPERT, CO2, SPP, CREDITS.
1.1 Site location

1. Introduction
Several trends are shaping an unfolding energy transition and giving
an indication of its direction. First, the costs of renewable
technologies have plummeted to the point that new fossil-based
electricity is no longer an attractive option. Second, the progress in
the power sector is spilling over to end uses, allowing a reimagining of possibilities with the abundance of renewable options
at hand. Third, a consensus has formed that an energy transition
grounded in renewable sources of energy and efficient technologies
is the only way to give us a fighting chance of limiting global
warming by 2050 to 1.5°C [1]. The integration of distributed
renewable energy can demonstrate various technical benefits to the
energy sector but at the same time to the owners of the facilities.
Benefits include the reduction of fossil fuel use and associated GHG
emissions, the improvement of grid reliability and limitation of
power outages, protection of critical loads, independence of foreign
supply, and increased energy security coupled with a fixed energy
cost which is immune to future tariffs and fossil fuel costs increases.
The carbon intensity of PV power varies between technologies
according to the materials and processes used and module
efficiency.
In the other hand the depletion of fossil fuel and the negative effect
on the environment as well as the potential techno-economic merits
of "hybrid combinations" identified as a good solution moving
towards reliable and more feasible energy systems based on
renewables [2]. As the need for clean, sustainable energy increases,
and renewable technologies get ever more advanced, more projects
had been developed in greater sizes and complexities, including ongrid and off-grid solutions based on renewables.
Smart electrification with renewables focuses on the potential
synergies between major increases in renewable power generation,
electrification and digitalisation, and looks to create the conditions
for the unprecedented co-ordination of their deployment and more
efficient use across end-use sectors – power, transport, industry and
buildings [3].
Growing shares of those jobs are off-grid, supporting productive use
in farming, food processing and healthcare in previously remote,
isolated, energy-poor communities. In parallel, rural areas benefit
from the feedstock production that underpins bio-energy and which
accounts for the bulk of about 3.6 million jobs in that segment.
Renewables accounted for an estimated 11.5 million jobs
worldwide in 2019. Using solar PV to power mini-grids is an
excellent way to bring electricity access to people who do not live
near power transmission lines, particularly in developing countries
with excellent solar energy resources and reducing the negative
effect on environmental. Continued emissions of greenhouse gases
will cause further warming and changes in all components of the
climate system. Limiting climate change will require substantial and
sustained reductions of greenhouse gas emissions [4].

The 2MW photovoltaic plant will be installed on the ground in
Tërbuf. The property is located 14.8 km from the city of Divjaka,
73.6 km from the Albanian capital, Tirana.

Property

Figura 1: Location of the 2MW PV project. Village of Tërbuf,
Divjakë Municipality, Albania.
2. Materials and methods
Actually, there are several models available for conducting a set of
analysis including environmental impact and benefits. RETScreen
Expert is a clean-energy awareness, decision-support and capacitybuilding tool [5]. This model helps us as energy planers to
determine the annual reduction in the emission of greenhouse gases
stemming from using the proposed technology in place of the base
case technology. The model uses a computerized system with
integrated mathematical algorithms and top to bottom approach
which has been developed to overcome the barriers to clean energy
technology implementation at the preliminary feasibility stage. It
provides a cost analysis, GHG emission reduction analysis,
financial summary, sensitivity analysis, provides a low-cost
preliminary assessment of RES projects with a small set of a
detailed information. Methodology 2 as the more suitable to
perform the emission analysis is chosen [5]
3. GHG summary in Albania and global trends
Albania is the largest producer and exporter of oil in the South-East
Europe region, most oil extracted in Albania is exported as
unrefined crude oil [6]. A further contributor to net energy imports
is the country’s rising demand for petroleum products, largely
fuelling the transport sector. Greening the transport sector by taking
up biofuels blending and introducing electric mobility could lower
the country’s energy imports and positively contribute to the
national economy.
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Fossil fuels would still have roles to play, mainly in power and to an
extent in industry, providing 19% of the primary energy supply in
2050. Oil and coal would drop the fastest, while natural gas would
peak around 2025 and decline thereafter. The global production of
oil in 2050 is expected to be 85% lower than today. Most of it
would be used in industry for petrochemicals (non-energy uses,
close to 40%), and in aviation and shipping. Coal production would
decline even more drastically, from around 5 750 million tonnes in
2018 (160 exajoules [EJ]) to 240 million tonnes per year (7 EJ) in
2050. In the power sector, coal generation would be cut in half by
2030, in half again by 2040 and phased out by 2050. The remaining
coal demand would be largely restricted to industry, mostly for steel
production (coupled with carbon capture and storage) and to a
certain extent in chemicals production. Natural gas would be the
largest remaining source of fossil fuel in 2050, making up 70% of
total fossil fuel supply and 13% of total primary energy supply
(down from 26% in 2018). In 2050, natural gas would primarily be
used in industrial processes, blue hydrogen production (coupled
with carbon capture and storage) [10] and power plants.

Fig.
2: Yearly variation of CO2 in Albania [6].
In 2019, CO2 emissions per capita for Albania was 1.93 tons of
CO2 per capita. Albania CO2 emissions per capita fluctuated
substantially in recent years, showing an increasing trend from 1970
up to 2019 period. By the end of 2019 the specific emission reached
a value of 1.93 tons of CO2 per capita.

4. Emission reduction analysis in RETScreen Expert model
The model performs a GHG emission reduction analysis depending
on whether the clean energy system under consideration generates
electricity or provides other energy requirements.
The only difference lies in transmission and distribution losses,
which are incurred only by electricity generating systems. The
reduction ΔGHG is calculated as follows in equation 1:
(1)
GHG  ebase  e prop E prop (1   prop )(1  ecr )





where ebase is the base case GHG emission factor, eprop is the
proposed case GHG emission factor, Eprop is the proposed case
annual electricity produced, λprop is the fraction of electricity lost in
transmission and distribution for the proposed case, and ecr the
GHG emission reduction credit transaction fee. For both the base
case and proposed case system, the transmission and distribution
losses are deemed to be negligible for on-site generation, such as
off-grid and water-pumping PV applications.

Fig. 3: Energy related CO2 emission by sector in Albania [6].
Renewable energy sources, including solar, wind, hydro, biofuels
and other future renewable sources are at the centre of the energy
transition towards a less carbon-intensive and more sustainable
energy system [7] In the context of GHG emissions, Albanian's
electricity sector is zero emitter in the region as the share of
electricity from renewable sources in total electricity generation is
almost 100%, while EU-27 countries together have a RES share of
32.3% and the border countries Greece (30.3%), North Macedonia
(35.1%), Montenegro (59.2%) and Kosovo highly depended on
lignite has only 5.1% [8]. Under the Planned Energy Scenario,
annual emissions reach 36.5 GtCO2 in 2050. To achieve the 1.5°C
Scenario, emissions would have to drop to net zero in all sectors.
Additional efforts in sectors such as power, heat and industry would
be needed, with negative emissions delivering the necessary
additional carbon reductions [1]. Aligned with the IPCC’s special
report on limiting global warming to no more than 1.5°C by 2050
[9], IRENA’s 1.5°C Scenario starts with the goal of reducing global
CO2 emissions by following a steep and accelerated downward
trajectory from now to 2030 and a continuous downward trajectory
thereafter, reaching net zero by 2050. Because the energy sector is
currently responsible for around 80% of anthropogenic CO2
emissions, it has a central role to play in delivering the required
decarbonisation. This is achievable but extremely challenging,
requiring urgent action on multiple fronts. Fossil fuel use would
have to decline by more than 75% by 2050 (Figure 4).

5. GHG emission factor – base case electricity system
For the base case electricity generation system is strictly required
the calculation of the GHG emission factors, defined as the mass of
greenhouse gas emitted per unit of energy produced. For a single
fuel type, the following formula in equation (2) is used to calculate
the base case electricity system GHG emission factor, ebase:



ebase  eCO2 GWPCO2  eCH4 GWPCH4  eN2OGWPN2O



(2)

1 1
 1 

where eCO2, eCH4, and eN2O are respectively the CO2, CH4 and
emission factors for the fuel/source considered, GWP CO2, GWPCH4,
and GWPN2O are the global warming potentials for CO2, CH4 and
N2O, η is the fuel conversion efficiency and λ is the fraction of
electricity lost in transmission and distribution. The GHG emission
factor will vary according to the type and quality of the fuel, and the
type and size of the power plant. In cases for which there are a
number of fuel types or sources, the GHG emission factor ebase for
the electricity mix is calculated as the weighted sum of emission
factors calculated for each individual fuel source given in equation
(3):
n

ebase   f i ebase ,i

(3)

i 1

where n is the number of fuels/sources in the mix, fi is the fraction
of end-use electricity coming from fuel/source i, and ebase, i is the
emission factor for fuel i, calculated through a formula similar to
equation (2):
Fig. 4: Primary fuel supply (EJ) road map [Source IRENA].
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ebase,i  eCO2 ,iGWPCO2  eCH 4 ,iGWPCH 4  eN 2O ,iGWPN 2O

where

 1, i 1 1 , i

Table 3: Calculation of fuel consumption and GHG emission (the
base case system).

(4)

eCO2 ,i , eCH 4 ,i and eN 2O ,i are respectively the CO2, CH4 and

N2O emission factors for fuel/source i,

 ,i

is the fuel conversion

efficiency for fuel i, and  ,i is fraction of electricity lost in
transmission and distribution for fuel i.
The GHG emission factor for the electricity mix will apply from
year 1 up to the year of change in baseline, as specified by the user,
unless no changes are specified; in this case, the emission factor
will apply throughout the life of the project. When a change in the
baseline emission factor is specified, the new factor for the year that
the change in baseline takes place, and the years that follow will be
determined by (e*):

e*base  ebaserchange
where

rchange

In the table 3 the GHG emission for the base case system by
multiplying the fuel consumption by the GHG emission factor. The
model also calculates the GHG emission for the base case system
by multiplying the annual system losses by the global warming
potential. The model calculates the gross annual reduction in GHG
emissions estimated to occur if the proposed case is implemented.
The calculation is based on emissions of both the base case and the
proposed case systems on an annual basis.
The annual GHG base case results 2578 tCO2 and the proposed 180
tCO2. The proposed GHG emission is calculated by multiplying the
annual fuel consumption,GHG emission factor and the accepted
T&D losses (7%). The gross annual GHG reduction results 2397
tCO2.

(5)

is the percentage change in the base case (baseline)

GHG emission factor for the year that the change in baseline takes
place, and the years that follow.
6. GHG emission factor – proposed case electricity system
The calculation of the proposed case electricity system GHG
emission factor, eprop, is similar to that of the base case GHG
emission factor, with the exception that for off-grid systems the
fraction of electricity lost in transmission and distribution is set to
zero. eprop is therefore calculated through equation (2) with λ=0, in
the case of a single fuel/source, or through equations (3) and (4)
with all λi=0, in the case of a mix of fuel/sources.

GHG emission
factor (tCO2/MWh)
0.777

Net GHG reduction

tCO2/yr

Net GHG reduction-25yrs

tCO2

GHG reduction credit rate
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GHG reduction revenue

€

GHG reduction credit duration
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Net GHG reduction-15yrs
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GHG reduction credit escalation rate

%
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2349
58729
14
32889
15
35238
2

Carbon credit instruments often coexist with other heterogeneous
policies that may directly or indirectly contribute to reducing GHG
emissions by addressing areas such energy or infrastructure. In our
study they have to be planned to interact and complement other
strategic priorities at local and national levels. The GHG reduction
credit duration is acceped to be applied all into the whole lifetime of
the proposed PV system with a reduction credit escalation rate of
2%. The credit transaction fee is accepted 2%. In the graph in figure
3 the results of the simulations of the PV system compared to that
of the base case (diesel#2 powered) is given. The proposed system,
PV offers the lowest possible scenario for the mitigation of GHG
emissions resulting to 180 tCO2 compared to baseline scenario
2578tCO2.
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Table 4: Carbon credit revenue calculation.
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Table 2: Emission factors for the chosen fuel type taken in the study
(Diesel 2)
Fuel Type (Base
case)

7. Silmulation of the PV system in RETScreen Expert
Emission factors will vary for different types and qualities of fuels,
and for different types and sizes of power plants.. The electricity
mix factors thus account for a weighted average of the fuel
conversion efficiencies and T&D losses of the different fuel types.
For fuel type selected, diesel 2, 100% single fuel mix, units are
given in (kg/GJ) as it is shown in table 2. The other financial
parameters are transferred directly once the energy PV model is
created such as inflation rate 3%, discount rate 8%, fuel escalation
rate 2% and project life 25 years.

8. GHG reduction credit
In this case study the optional GHG reduction credit, per equivalent
ton of CO2 (tCO2) is considered. It is used in conjunction with the
net GHG reduction to calculate the annual GHG reduction revenue.
Prices for GHG reduction credits, per equivalent ton of CO2 (tCO2),
vary widely depending on how the credit is generated and how it
will be delivered. Other factors which have an impact on price may
include voluntary or mandatory emissions reduction; private or
public purchase of credits; credits traded within, for example, the
European Union Greenhouse Gas Emission Trading Scheme (EU
ETS), other national, transnational, or regional schemes; type of
technology used to generate the emissions reductions; and others.
As of May 2014, prices including rates for carbon taxes varied
between $1 to $168 per ton of CO2 [11].
The model escalates the GHG reduction credit rate yearly according
to the GHG reduction credit escalation rate starting from year 1 and
throughout the GHG reduction credit duration as it is given in the
table 4.

In this study the plant efficiency of 35% and 7% T&D losses are
considered. The default factors provided are those which are
representative of large power plants that feed a central electricity
grid such as CO2 gas emission factor 70 kg/GJ, CH4 emission factor
0.002 kg/GJ and N2O levell 0.0006 kg/GJ. The model calculates the
GHG emission factor for for the chosen fuel type considered
Diesel#2. Values are calculated based on the individual emission
factors, the electricity generation efficiency and the T&D losses.
The weighted GHG emission factor for the total electricity mix is
calculated 0.777 tCO2/MWh as it is given in table 2.
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If the selling price of carbon is 14-25 (€/tCO2) and the fixed price of
electricity €65/MWh then the self-repayment period is reduced to
3.3 years for the assumed selling price of electricity €65/MWh.

2349

2000
1500

1200000

1000
500

180

Base case (tCO2)

Proposed case(tCO2) Gross annual GHG
emission reduction
(tCO2)

NPV (€)

0
Net annual GHG
emission reduction
(tCO2)

431817
229749

Figure 5: Results of the simulation of the baseline scenario and
proposed PV system.

27681

2.8 (€/tCO2) 6.53 (€/tCO2)

10.27
(€/tCO2)

14 (€/tCO2)

17.73
(€/tCO2)

21.47
(€/tCO2)

25.2 (€/tCO2)

0%@1 626 089€

↑20%@1 951 307€

↑40%@2 276 525€

↓20%@1 300 871€

↓40%@957 653€
-800000

Figure 8: Variation of NPV in function of total investment cost (€)
for discount rate 8%, interest rate 5.5% fixed price of electricity 65
€/MWh @ ± 40% of sensitivity analysis and sale price of carbon
credits (€/tCO2) @ ± 80%.
The graph in Figure 8 clearly shows the effect of the economic
performance of the photovoltaic system under the application of
carbon credit trading schemes.
Worst case scenario, increase of installation cost by 40% (red
columns give negative NPV in all cases), while pink scenario with
increase of installation cost by 20% brings benefit only with credit
values carbon (€/tCO2) in the interval of [14 + ∞ [.
Baseline scenario, for discount rate 8%, interest rate 5.5% fixed
price of electricity 65 €/MWh and sensitivity analysis of installation
cost @ ±40% and sale price of carbon credits (€/tCO2) @ ± 80%
(blue columns) show in all cases of lending positive values of NPV.
NPV in the baseline scenario reaches the value of € 330780 and
doubles when the selling price of carbon credits increases (€/tCO2).

Figure 6: Results of the simulation of the baseline scenario and
proposed PV system.
As it is clearly shown in figure 6 the proposed PV system can avoid
2349 tCO2/year equivalent to 220 hectares of forest absorbing
carbon.
The model calculates the equity payback, which represents the
length of time that it takes for the owner of a facility to recoup its
own initial investment (equity) out of the project cash flows
generated. The equity payback considers project cash flows from its
inception as well as the leverage (level of debt) of the project,
which makes it a better time indicator of the project merits than the
simple payback. The model uses the year number and the
cumulative after-tax cash flows in order to calculate this value.

9. Conclusion
The effects of carbon credits for the photovoltaic project with an
installed capacity of 2MW, located in the village of Tërbuf, Divjaka
Municipality were considered at the level of €14/tonCO2. The
analysis and the results of the study according to the scenario of
application of carbon credits showed that it has a positive effect on
the main indicators of the system by reducing the repayment period
to 3.3 years from 6.7 years.
Emission trading systems are suitable to accelerate the transition of
clean energy in the energy sector. Currently, the energy sector
around the world is moving towards a decarbonised system, due to
falling costs of low carbon technology and low risks from
competition, but this is not happening at a satisfactory pace to meet
the objectives of " "The Paris Agreement." The electricity sector is
very convenient to be regulated under an emissions trading system.
First, it is a large emitting sector with proven technologies, with low
GHG levels that are available in the market.
Second, the availability of data on electricity generation is
moderately strong across all jurisdictions, which is needed to set
allocation standards. Furthermore, some jurisdictions already have
experience in implementing energy sector mitigation activities with
carbon price support, for example through lending mechanisms
such as the Clean Development Mechanism.
The energy sector is involved in almost all emissions trading
operating systems worldwide, as well as in the jurisdictions that are
developing or considering the development of an emissions trading
system. It is recommended that in our country to regulate by law,
especially in the RES sector, the application of carbon credit
schemes at least at the level of 14÷25 (€/tCO2).
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Assuming that the annual electricity produced (3319MWh/year) by
the photovoltaic plant (PV) with a capacity of 2MW located in the
village of Tërbuf, Divjaka Municipality would be produced through
the use of fuel Diesel#2.

10.27 (€/tCO2)
14 (€/tCO2)
17.73 (€/tCO2)

15,0

532851
330783

200000

20,0

633886

700000

21.47 (€/tCO2)
25.2 (€/tCO2)

10,0
6,7

5,0
0,0
↓40%@957 653€ ↓20%@1 300 871€ 0%@1 626 089€ ↑20%@1 951 307€ ↑40%@2 276 525€

Figure 7: Graphical presentation of sensitivity analysis (± 40%) for
investment repayment period (years) as a function of total
installation cost (€) and carbon credits (± 80%) (€ / tCO2).
The graph in figure 7 shows the graphical representation of the
sensitivity analysis (±40%) for the investment repayment period
(years) as a function of the total cost of installation (€) and the
selling price of carbon credits (€/tCO2) in the range (±80%). In our
analysis the selling price of carbon is accepted €14/tCO2 and the
fixed price of electricity €65/MWh.
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