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Abstract. Energy is a prerequisite for development of today's economies and societies.
Renewable energy sources (RES) are gaining increasing importance and share in the
energy systems of many countries. However, assessment and selection among different
renewable energy sources request analyzing numerous criteria, limitations, legal regulations
etc. For this reason, multi-criteria decision-making methods (MCDM) are often used in the
literature and in practice for the assessment of RES projects/technologies. From numerous
MCDM methods in this paper analytical hierarchy process (AHP) is selected to assess
solar, wind, photovoltaic and biomass sources in Kosovo®. According obtained results
first ranked is hydro alternative. Also, for results obtained, sensitivity analysis is
conducted. Its show that changes in rank occur exclusively outside the allowable values,
so it can be concluded that the results obtained are relevant.
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1. INTRODUCTION

A secure and uninterrupted supply of electricity is a condition for the survival and
development of any modern economy. The crisis in electricity supply, which was
pronounced in the last quarter of 2021, is manifesting itself in almost all European
countries, and is also current in Kosovo*. In addition to the current energy crisis,
Kosovo's* energy sector has other problems too, such as: delays in building new capacity
for lignite production, significant technical and commercial losses of electricity in the
distribution network, insufficient production capacity to cover peak loads in the winter
season, inappropriate use of the potential of renewable energy sources (RES) etc [1]. The
main electricity generation capacities in Kosovo* are the two thermal power plants Kosovo A
and Kosovo B, which produce 97% of electricity. Thermal power plant Kosovo A consists of
five units with installed power capacities as follows: Al =65, A2 = 125, A3 =200, A4 =200,
and A5 = 210 MW, while Kosovo B consists of two units with an overall production
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capacity 2 x 339 MW [2]. Electricity production is based on lignite, whose reserves in
Kosovo* are estimated at 12.5 billion tons, which is the second largest reserve in Europe
and fifth in the world [1].

The mentioned crisis and problems impose the need to solve the missing quantities of
electricity. In this regard, the question arises as to whether the use of renewable energy
sources can contribute to a more secure electricity supply. According to [3] RES are the
fastest growing sources of electricity generation with an average increase of 2.9% annually
from 2012 to 2040. Numerous RES benefits can be listed. Authors in [4] believe that RES
can contribute to risk reduction because decentralized RES capacities are less exposed to
risk such as sabotage compared to centralized ones. RES are also safer in terms of accidents
(except for large hydropower plants). Also, RES contribute to greater security through the
diversification of both technology and different energy sources [5]. In addition, RES plants
do not require fuel to produce electricity. By developing RES capacity, certain regions can
provide enough energy for their needs, which certainly leads to improved energy security
[6]. However, and some negative impacts of RES can be listed: negative impact on birds,
occupying a large area of land, instability in presence, waste etc. Present-day development
of human and environmental protection against a variety of threats requires that ample
preventive measures be taken and multi-purpose safety systems introduced. The most
important prerequisite for proper planning, organization, and management is having the
necessary information, which is obtained only through the development of a well-organized
information system for fire and disaster risk management [7].

However, planning, managing and assessment of RES projects is a complex endeavor
that has to include a number of criteria (potentials, constraints, legislation, etc.) as well as
many stakeholders who often have opposed interests that can lead to conflict situations
[8]. Also, taking into account the potential risks, the principle of planned management is
the most acceptable one, because only proper planning, risk monitoring, organization,
and efficient action in the event of fire guarantee the prevention or at least minimization
of losses due to the risk event [9].

For that reason, to overcome mentioned complexity, multi-criteria decision-making
methods (MCDM) can be applied to evaluate RES projects/technologies. Numerous
MCDM methods can be used: Analytical hierarchy process (AHP), Preference ranking
organization method for enrichment evaluation (PROMETHEE), Analytical network
process (ANP), Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
etc. Due to its advantages such as ease of use, the existence of numerous software tools which
facilitates and accelerates the use of this method, performing sensitivity analysis AHP
will be applied in this paper for the assessment of RES in the territory of Kosovo*. AHP
method has been successfully applied in many areas: sport [10], tourism [11-12], environment
[13], agriculture [14]. Also, AHP is used in the energy sector, among other things to assess
RES alternatives [15-17].

The goal of this paper is to assess RES in Kosovo* from the aspect of selected criteria
using AHP methodology.
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2. SHORT REVIEW OF RENEWABLE ENERGY SOURCES POTENTIAL IN KOSovo”

By signing the Energy Community Treaty, Kosovo* has committed itself RES to
participate with 25% in gross final consumption by 2020, while the voluntarily defined target
is higher at 29.47%. The goals of RES's share in gross final consumption are defined for:
electricity (25.64%), transport (10%) and heating and cooling (45.65%) [18]. However, so far
the authors have not been able to find data on the fulfillment of previously defined goals.

The territory of Kosovo* has certain hydro potentials. Based on the feasibility study
for the identification of water resources for small hydropower plants in Kosovo*, 77 sites
for small hydropower plants with a capacity of about 128 MW and a production of 621
GWh per year under average hydrological conditions have been identified [19].

Table 1 Hydro energetic potential of rivers in Kosovo™ [20]

River Technical utilization hydro Economical utilization hydro
energetic potential (GWh/year) technical potential (GWh/year)

1. Beli Drim 554 554

2. lbar 103.27 102.17

3. Binacka Morava 8.75 8.75

4. Lepenac 23.8 16.53

Total 689.82 681.45

Total production from biomass in Kosovo* is shown in Table 2. Based on the available
data, it can be noticed that biomass from farming and forests has the greatest potential.

Table 2 Total production potential of biomass in Kosovo™ [2]

Type of biomass Total quantity — Quantity that actually Exploitable
produced can be utilized from  potential energy
(t/year) energy needs (t/year)  needs (t/year)
Biomass from forests 1,247,434.00 346,418.00 1,247,434.00
Biomass from agriculture 696,541.00 209,962.00 208,962.00
Biomass from orchards and vineyards 17,356.00 17,356.00 17,356.00
Biomass from farming 4,383,170.00 3,813,358.00 3,813,358.00
Biomass from industrial timber waste 15,138.00 15,138.00 15,138.00
Biomass from urban waste 606,000.00 264,309.00 606,000.00
Total 6,965,639.00 4,665,541.00 5,908,248.00

According to a study conducted by the International Renewable Energy Agency (IRENA)
in 2017 regarding RES potential in South East Europe, Kosovo* does not only have a large
technical potential for photovoltaic (PV)-based renewable energy, but that a large portion of it
is already economically feasible and that it could be realized entirely by 2050. The report
identifies 581.3 MW (834.5 GWh) of technical solar PV potential, 436 of which is considered
to be cost-competitive at a levelized cost of electricity (LCOE) of EUR 80/MWh [21].

According [22] Kosovo* could utilize both flat-plated and concentrated PVs for solar
power generation, considering a 1419.7 to 1641.8 kWh/m2 annual GHI and a 1255.7 to
1546.8 kWh/m2 annual DNI in approximately 40% and 80% of the total area respectively. PV
power potential in Kosovo* is shown in Fig. 1 (left) [23]. Wind power potential for 1 m? of
surface rotor turbine installed at 100 altitudes above the ground level in different Kosovo*
area locations is shown in Fig. 1 (right) [24].
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Fig. 1 PV (left) and wind (right) potential in Kosovo*

The study conducted by IRENA finds Kosovo* to have a large wind technical potential, at
2328.8 MW (3849.5 GWh). However, it also accounts that due to the country’s mountainous
regions, a much smaller fraction of that potential can be fully utilized to generate power.

To encourage the use of RES there are support scheme through feed-in tariffs for PV
(136.4 €/MWh for 12 years), biomass (71.3 € MWh for 12 years), hydropower (67.3 € MWh
for 10 years) and wind (85 €/ MWh for 12 years) [1].

3. METHODOLOGY

To assess different RES in Kosovo™* in this paper AHP method is used. The AHP
method was developed by Thomas Saaty [25]. By applying the AHP methodology, a
complex problem can be decomposed into a multilevel structure of goals, criteria and
alternatives [26]. At the top of the structure is the goal, followed by selected criteria at the
second as well as alternatives at the third level. More complex problems may include
sub-criteria, which in this case occupy a level between criteria and alternatives. Applied
decision making model is shown in Fig 2.

‘ Step 1. RES list defining ‘
¥
‘ Step.2, Decision making criteria defining ‘

‘ Step 3. Decision making ‘
¥
‘ Step 4. Sensitivity analysis ‘

‘ Final rank ‘

Fig. 2 Proposed decision making model
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In order to solve the problem of the hierarchical structure of the AHP, the procedure
is defined as follows [27] in first step the hierarchical structure is defined so that the goal
is at the top of the hierarchy while the criteria and strategies are positioned in descending
order; then in step two at each level, a matrix of pair wise comparisons is obtained. In
order to identify the priority of each criterion (alternative) in relation to other criteria
(alternative), a scale ranging from 1 (equal importance) to 9 (absolute importance) is
used. Finally, in step three all pair wise matrixes are synthesized to calculate the relative
and global weights of each criterion, sub-criterion, and alternative.

To perform a pair wise comparison by all relevant criteria/alternatives, an n x n matrix
A is formed:

A, Qp - 8y
a a Looa

A=l T2 22 2n )
d, QAp .. 4,

where aj; values are obtained using a 9-point scale (Table 3).

Table 3 Saaty's 1-9 scale of pairwise comparisons

Intensity of Definition Explanation
importance
1 Equal Importance Two activities contribute equally to the objective
3 Moderate Importance Experience and judgment slightly favor one activity over another
5 Strong Importance Experience and judgment strongly favor one activity over another
7 Very Strong An activity is favored very strongly over another
9 Extreme Importance  The evidence favoring one activity over another is of the highest

possible order of affirmation
2,4,6,8 Intermediate results They are used to present a compromise between the priorities
listed above

Matrix A is a positive reciprocal matrix in which aij represents the relationship of
preference of alternative i and in relation to alternative j. The value of a;j is the reciprocal
of the value of a;. That is,

a =—. 2

If the pairwise comparisons are consistent, then the elements of the matrix A satisfy
the equation:

a; *a;, =a,, foreachi,j,k (3)

The weighting factor of the criterion / alternative can be denoted by wi. If the matrix
A is consistent a;; can be represented as

a. =—- foreachiand j. 4

1]
W,
]
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By normalizing the matrix A = [a;]nxn the weight factor is calculated as follows:
ax %

i (6)

for each j=1,2,...,n. Then, it is:

m

hIN
" a
ZI:l 1) , (7)
n
for each j=1,2,...,n.
To determine the level of consistency, Saaty proposed the Consistency Index (Cl),
which can be calculated according to the following equation:
4

_ hnax _n)
o= ®)

where Amax iS the validation parameter in AHP. The closer the value of Amax is to n, the
more consistent the estimate is.
The Consistency Ratio (CR) can be calculated by the following formula:

el

CR=—,
RI

)
where RI (Random Index) is a random consistency index.

When CR <0.10, the matrix can be assessed as acceptable, otherwise, the matrix should
be modified until an acceptable value is reached. Homogeneity of factors within each
group, fewer factors in the group, and better understanding of decision problems can
improve the consistency index [28].

According to [29] AHP is the most frequently used method of all MCDM methods,
and one of the reasons may be its simplicity. Some of advantages of AHP include: the
possibility of combining with other methods to improve performance; the existence of
numerous software tools that are based on AHP; enables decision makers to conduct
sensitivity analysis etc. However, in addition to many advantages, there are
disadvantages of AHP, which were discussed in the papers [29-35]. Some of the
disadvantages of AHP are: in the case of adding a new criterion to the model, the entire
decision-making process must be repeated; if there are many criteria and sub-criteria, a
large number of pairwise comparisons are required; for an adequate assessment of one
criterion in relation to another, a nine-point scale may represent a limitation; subjectivity
of decision makers, etc.
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4, RESULTS AND DISCUSSION

To assess RES in Kosovo* decision making model proposed in Figure 2. is applied
and it is described in text that follows.

Step 1. RES list defining - In this step list of available and sufficient RES for considered
territory shall be defined. To that end, it is necessary to research and analyze relevant
literature, local and national strategies/analyses, etc. In case of Kosovo* four RES alternatives
are selected: photovoltaic (A1), hydro (A2), biomass (A3) and wind (A4).

Step 2. Decision making criteria defining — After RES list is ready decision making
criteria shall be defined. This is a very important step and can affect the results of the
decision. In literature there are numerous criteria applied for RES assessment and
selection. The criteria that are most often used to evaluate RES alternatives can be
summarized in several groups: economic, technical, environmental, sociopolitical. In the
case of evaluation of RES alternatives at the local level (city, village, municipality...) it is
recommended to include stakeholders and experts in the process of defining the criteria.
In literature there are papers where the criteria are defined based on the literature
overview [36-38]. In this paper authors selected five criteria based on the literature
analysis and specificities of the research area (Kosovo*):

Investment (eur/kw) — although RES can be a significant source of profit, significant
financial resources are needed for the implementation of RES projects. In this regard,
investors seek to minimize costs on the one hand and maximize profits on the other.
Therefore, the amount of investment (eur / kw) is a very important criterion that investors
in renewable energy sector consider when choosing a RES alternative. The unstable
political situation in Kosovo* also represents a greater risk for investors, who will
certainly try to minimize investments.

Price of energy (Usd/kWh) — The living standard of Kosovo* citizens is very low.
That is why it is very important to take into account the price of electricity. An increase
in the price can lead to a number of other price increases, which can even lead to social
unrest.

Efficiency (%) — each of the RES technologies has a different degree of efficiency.
Efficiency directly affects the potential profit of investors, so this criterion is very
important. Based on the data presented in Table 4, it can be seen that hydro technology is
far more efficient than other RES technologies.

Work and maintenance (jobs/MW) - Each RES technology requires a different number
of work and maintenance jobs. It can be very important for the development of the
Kosovo* local economy.

Land requirements km?1000 MW — In accordance with the modern tendency to
minimize the negative impact on the environment and the rational use of all resources as
well as land, projects that require less space for the implementation of RES projects are
more acceptable. This criterion has additional weight in the case of Kosovo*, which does
not have too much available land.

The specific values of the criteria are shown in the Table 4.
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Table 4 Selected criteria

Criteria Photovo Hydro Biomass Wind Ref.
Itaic A2 A3 Ad
Al
Investment (eur/kw) (C1) 1,450 2,500 4,500* 1,610 [21]
The price of energy/USD/kWh (C2) 0.085 0.047 0.062 0.056 [39]
Efficiency (%) (C3) 4-22%  80-90% 28% 24-54%  [40-41]
Work and maintenance (jobs/MW) C4) 0.3 24 1.5 0.2 [42]
Land requirements km2/1000 MW (C5) 35 750 5,000 100 [43]

*expert estimation

Step 3. Decision making. AHP method was applied for assessment of RES in
Kosovo*. The basics of this method are given in chapter 3. For a more detailed
introduction to this method please refer to [25]. The application of the AHP method in
this paper was performed using the Expert choice software. The first step is defining the
goal of the decision, which in this case is: assessment of RES in Kosovo*. Then, the
selected decision criteria are entered into the software. After that, a pair wise comparison
is made. First of all, a comparison of criteria in relation to the goal is made (Table 5f). At
the same time, the criteria can have the same or different weighting factors in relation to
the goal. In this paper, criteria C1 and C5 have the highest weighting factors. Then a
comparison of alternatives in relation to criteria is made (Table 5 a-e), while the
comparison is based on the criteria values from Table 4.

Table 5 Pair wise comparison

Comparison of alternatives in relation to C1 Comparison of alternatives in relation to C2
(Inconsistency=0.08) (Inconsistency =0.09)
@ Al A2 A3 A4 (b) Al A2 A3 Ad
Al 1 6 8 3 Al 1 17 1/4 1/5
A2 1 4 1/4 A2 1 5 4
A3 1 1/6 A3 1 1/3
A4 1 Ad 1
Comparison of alternatives in relation to C3 Comparison of alternatives in relation to C4
(Inconsistency=0.04) (Inconsistency=0.04)
(c) Al A2 A3 A4 (d) Al A2 A3 Ad
Al 1 17 1/2 1/3 Al 1 1/5 1/3 2
A2 1 5 4 A2 1 3 5
A3 1 1/3 A3 1 3
A4 1 Ad 1
Comparison of alternatives in relation to C5 Comparison of criteria in relation to the goal
(Inconsistency=0.07) (Inconsistency= 0.07)
(e) Al A2 A3 Ad ® C1 (67 C3 C4 C5
Al 1 4 8 3 C1 1 1 2 3 1/2
A2 1 5 1/3 C2 1 3 1 1
A3 1 1/6 C3 1 1/2 1/2
Ad 1 C4 1 1

C5 1
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Finally, after all comparison are done, software synthesize all results and RES rank is
obtained and shown in Fig 3. whereby A2 is ranked first.

0.4 0.323 0.346
0.3
0.226
0.2 0.104
0.1
0 T T . T
Al A2 A3 A4

Fig. 3 Final alternative rank (Inconsistency=0.07)

Step 4. Sensitivity analysis - After the results of decision making is obtained the
sensitivity analysis is conducted. Sensitivity analysis should determine how changes of
the criteria weight coefficient affect the change in rank of RES alternatives. The reference
values are decision making results, whereby minimal changes (increase or decrease) of
criteria weight coefficients that lead to changes in the ranking were considered (Table 6).
Based on the conducted sensitivity analysis, it can be seen that it is a criterion C2 the
most sensitive in weight coefficient changes in relation to all other criteria. The lowest
change that leads to a change in the ranking of RES alternatives is -0.038 which
represents a value >10% compared to the reference value of the C2 (0.225). Also, the
minimum value of the change in the weighting factor of all other criteria is >10%, so it
can be said that the obtained results are relevant.

Table 6 Sensitivity analysis

Criteria Minimal change New alternative rank
(Reference values)
C1(0.249) +0.04 A1l (0.337) > A2 (0.334) > A4 (0.229) > A3 (0.101)
C2 (0.225) -0.038 A1 (0.337) >A2 (0.334) > A4 (0.226) > A3 (0.103)
C3 (0.096) -0.041 A1 (0.335) > A2 (0.334) > A4 (0.227) > A3 (0.104)
C4 (0.176) -0.049 A1l (0.336) > A2 (0.334) > A4 (0.235) > A3 (0.095)
C5 (0.254) +0.042 Al (0.336) > A2 (0.335) > A4 (0.229) > A3 (0.010)

5. CONCLUSION

Four RES alternatives using five criteria are evaluated in this paper by using AHP
method. According to the obtained results the first-ranked alternative is Al (hydro).
However, in practice, the implementation of hydro projects in Kosovo* has often been
accompanied by negative reactions from stakeholders. Therefore, it is proposed to
involve stakeholders in the decision-making process in future papers, especially in the
planning and decision-making phase of projects at the local level. Sensitivity analysis is
conducted to check proposed model stability. Minimal changes that lead to changes in
RES alternative rank for each of the 5 analyzed criteria are >10% compared to the
reference values which indicates that the model is stable.



362 B. STOJCETOVIC, M. PETKOVIC, S. PUROVIC

The paper can be used by researchers and practitioners in the RES field, as well as by
the state administration that works on the development of strategic documents and the
definition of priorities in the energy sector. The proposed model has a universal character
and can be used as a starting point that can be upgraded or changed as needed.

We can also mention some limitations of this paper. Stakeholders are not included in
the process of selection of criteria and their assessment, so the obtained results do not
necessarily reflect the position of all interested parties. Therefore, we recommend that in
the case of applying this model in practice, relevant stakeholders and experts should be
included in the process of defining decision criteria and the decision-making process,
which will result in more objective and acceptable results for all interested parties. The
subjectivity of decision makers can also be a limitation. For that reason, in future papers,
a fuzzy environment can be used to further determine the reliability of the results
obtained and to avoid inaccuracies.

Kosovo* undoubtedly has certain potentials of renewable energy sources. However,
based on the analyzed literature, the conclusion is that it is necessary to investigate the
existing potentials in more detail. Also, it is necessary to define specific RES projects and
identify potential locations where they can be implemented.
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