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Abstract. The abundance of different energy sources such as coal, natural gas, and crude oil are in the Africa region,
yet one of the lowest electric energy per capita consumption. Different factors have been attributed to this abysmal
energy failure in the literature, leading to her slow economic and industrial advancement. These factors include poor
maintenance of power generation infrastructure and lack of policy continuity, among others. The purpose of this article
is to prioritize these power generation problems for proper budgetary allocation by managers of electric power. The
fuzzy VIKOR technique is presented for the evaluation and ranking of these power generation problems. The analysis
showed that poor maintenance is the most critical challenge of bedeviling power generation in Nigeria. The Fuzzy
VIKOR produces the same result as the classical VIKOR used previously in resolving the problem. The proposed
technique addresses the challenge of uncertainty and subjectivity by applying linguistic variables in the decision-
making process, which the classical VIKOR is incapable of handling.
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1 Introduction

The power industry in Africa region is grossly under-
developed [1]. It produces insufficient electric power to
energies homes and industries. The inadequate power
supply is one of the primary reasons for its slow economic
and industrial growth [2]. Remarkably, most industries in
Nigeria rely on individual electric power generators to
power their buildings and machines, resulting in an
increment in the industry's overhead cost [3]. The cost of
energy is about 40 % of production costs in the country [4].
Oher studies in the literature indicated that about 15
million family households in Nigeria have no access to
national electric power, and even those with access
constantly suffer from epileptic power supply [5]. Only
40 % of Nigeria's population have access to electric power,
and this is due to their closeness to the national grid [6].

Nigeria has a vast mix of energy resources such as
natural gas, oil, and hydro for power generation but
majorly relies on generating energy from oil and gas,
contributing to over 70 % of energy production [4]. Table
1 indicate different energy sources in Nigeria.

Despite the abundance of energy resources and
concerted effort made by successive governments to
improve Nigeria's power situation, its electricity per capita
consumption is one of the lowest in the continent [8].

Table 1 — Energy source and reserve estimates [7]

Energy Type Reserves estimates
Crude oil 36-10° barrels
Natural gas 185-10° ft®
Coal 2.75-10° tons
Hydro 14,750 MW
Solar radiation 3.5-7.0 kW-h/(m?-day)
Wind energy 2-4m/s
Biomass 144-10° tons/year
Wave and tidal energy 150,000 TK/(16.6x106 toe/year)

Different reasons have been attributed to insufficient
power generation in Nigeria in the literature. These include
poor power plant maintenance [3, 9], lack of energy mix
[10], pipeline vandalism [11], obsolete and dilapidated
plants [12], among others. The different power problems
constitute a different degree of challenges to the overall
power generation system. There is a need to ascertain each
power problem's contribution to the power generation
challenge for proper budgetary allocation.

The Multi-Criteria Decision Making (MCDM) method
is a systematic approach for ranking alternatives
concerning conflicting decision criteria. The MCDM
approach generally applied in the literature are VIKOR,
TOPSIS, PROMETHEE, and MOORA methods. The
tools have been utilized individually, combined, and other
tools such as Fuzzy Set Theory (FST). In work [3],
Emovon and Samuel studied the combination of the
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variance and the VIKOR methods to prioritize the different
power generation problems in Nigeria. The standard
variance was used to analyze decision criteria weights,
while the ranking of the alternative power problems was
implemented with the VIKOR approach. In solving the
same power problems, Emovon and Nwacha [2] used the
MOORA method combined with the AHP. The major
challenge of these approaches is the need for precise
estimates in their analysis, but experts' real-life
information may be imprecise.

In this article, the FST is integrated with the VIKOR
method to prioritize the different power generation
problems. The approach is referred to as Fuzzy VIKOR.
The FST in the methodology makes it possible to apply
linguistic variables expressed in fuzzy numbers in dealing
with the vagueness of judgment obtained from a group of
experts (decision-makers).

2 Research Methodology

The VIKOR approach was developed using the
compromise programming method, a type of MCDM [13].
The VIKOR technique was developed by Opricovic and
Tzeng [14] for complex system multi-criteria optimization
[15]. The technique focuses on prioritizing and choosing
from a set of alternatives regarding conflicting decision
criteria, requiring a compromise for resolving the conflict
[16]. The technique performance index for ranking
alternatives is based on the degree of closeness to the ideal
alternative [17]. The VIKOR technique uses precise data
as input into the decision-making process. However,
human judgment's ambiguity makes it problematic for
decision-makers to allocate a precise numerical value to
alternatives against decision criteria [18]. For overcoming
this challenge, the Fuzzy Set Theory (FST) is combined
with VIKOR to form fuzzy VIKOR. In the Fuzzy VIKOR
technique, linguistic variables are used by decision-makers
to rate alternatives concerning decision criteria [13] and
rate decision criteria. The linguistic variable can be
expressed in Fuzzy Triangular Number (TFN). The TFN
are three real numbers (I, m, p) and I, m, and p, are
indicating the lower, middle, and upper values of the TFN
[19]. The linguistic scale for evaluating alternatives
regarding decision criteria and evaluating decision criteria
in this article is shown in Table 2.

Table 2 — Fuzzy linguistic variables and TFN
for each criterion I [15] and alternative 11 [20, 21]

Linguistic variable | Abbreviation I TEN i

Very Low VL 0.0,01,02 | 1,1,3
Low L 01,0203 ] 1,35
Medium M 04,0506 | 3,57
High H 0.708,09 | 57,9
Very High VH 0.8,09,10 | 7,99

The Fuzzy VIKOR algorithm steps are as follows. The
first stage is the formation of the aggregated decision
matrix. In this article, the alternatives (power generation
problems) performance ratings regarding decision criteria

are determined based on experts' (decision-makers’)
opinions. Assuming k decision-makers are to assign a
rating to alternative i against decision criterion j, the
aggregated or combined rating of the decision-makers are
evaluated as follows [13]:

L 1. - _
iy = E[uilj + 0+, .05 1)

where a{‘] is the k-th decision-maker rating of i-th

alternative against j-th criterion.

In the fuzzy VIKOR analysis, it is expected weights are
assigned to decision criteria by the k decision-makers. The
aggregated weight of each criterion can be evaluated by
adding weights assigned by the individual decision-maker
and then divide by the number of decision-makers as
follows [22]:

w; =E[v~vj1 + W+, . W],
where lejk is the fuzzy weight of criterion j assigned by
k-th decision-maker.

Having determined the aggregated fuzzy rating of
alternative against decision criterion and the aggregated
fuzzy weight of each criterion, the fuzzy decision problem
is transformed into the following matrix form [13]:

7:‘11 7:‘12 l~l1n

Uij | U21 u:zz Uzn : Wj = [Wy + - + Wy,
ﬁml flmz ﬁmn

where {;; is the alternative, i, rating against

criterion j and Ww; indicate the fuzzy weight of criterion
j=123,..,n

The second stage is the evaluation of the fuzzy best
uj and fuzzy worst #; values. The fuzzy best
@ = (I;,m},p;) and fuzzy worst @ = (I?,m{,p?)
values are evaluated for each criterion function as follows

[15]:
ﬁ]* = maiX (ﬁij); N]g = miin (ﬁi]')' @)

Thirdly, the fuzzy difference between ;; and @; or %
is determined as follows [15]:

dij = (& — ;)/(pj = 7). 3
At the fourth stage, evaluation of separation X; of
alternative i from fuzzy best value and separation ¥; of
alternative i from fuzzy worst value are performed,
respectively as follows [15]:
X=X (W —-ay)/(oj - 1) (@)
| = max [w (% —a,)/(0j — ). ()
At the next stage, fuzzy VIKOR performance index Q;
is determined as follow [15]:
Q~i = U(Xi - X*)/(XOP - X*l) +
+(1=v)(Ti = 77) /(rP — v, (6)

l
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where X* = min(X;), X°? = max(X?), ¥* = min(¥;),
L 1 L
Y°P = max(Y}), and v indicates the decision-making
L

strategy of the maximum group utility weight v is assigned

with a value of 0.5.

The last stage is the defuzzification of Q; = (I;, m;, p;)
values and conversion into a crisp number Q; as follows

[23]:
crisp(Q) = Qi =

6

l+4m+p

()

The defuzzification technique is referred to as graded

mean integration.

(7) The alternatives are ranked based on Q; and the
alternative with the minimum value being optimal.

3 Results and Discussion

In this article, nine power generation problems are
ranked concerning three decision criteria. The problem has
been studied previously by [3] using a combination of the
standard variance and VIKOR methods. The authors
ranked the power problems with the VIKOR method, and
the decision criteria weightage was evaluated with the
standard variance approach. The power generation
problems they identified are poor maintenance (Al),

corruption (A2), inadequate funding (A3), militant
activities (A4), inadequate human resources (A5), wrong
location of power stations (A6), Drought (A7), poor
pricing of electricity (A8), and lack of policy continuity
(A9). The performance of each alternative was evaluated
concerning decision criteria; environmental pollution
(EP), critical power assets (CAD), and power generation
output (PGO). Two experts assigned performance rating to
the alternatives against decision criteria using a 5-point
Likert scale as indicated in Table 3 with the average score
used to form the decision matrix, which the authors applied
in analyzing the VIKOR method. However, in this article,
the Fuzzy VIKOR method is utilized to resolve the
problem.

To achieve this, aim the 5-point fuzzy scale for rating
alternatives against decision criteria in Table 2 was used to
get the equivalent of DM1 and DM2 ratings in the
linguistic form. For example, DM1 rating of Al against
decision criteria EP is 2, the equivalent in fuzzy linguistic
scale is L, DM1 rating of Al against decision criteria CAD
is 5, the equivalent in fuzzy linguistic is VH. The DM1 and
DM2 fuzzy linguistic ratings of alternatives against
decision criteria are presented in Table 4. Since the
linguistic variables are expresses in the TFN, the
corresponding TFN are also shown in Table 4.

Table 3 — Decision Makers (DM) average rating of power generation problems [3]

Power generation problems DM1 DM2 Average Score

EP CAD PGO EP CAD PGO EP CAD PGO
Poor maintenance (Al) 2 5 5 3 5 5 2.5 5.0 5.0
Corruption (A2) 1 4 5 3 2 5 2.0 3.0 5.0
Inadequate funding (A3) 3 3 3 2 4 5 2.5 35 4.0
Militant activities (A4) 5 3 5 3 4 3 4.0 35 4.0
Inadequate manpower (A5) 4 4 4 2 2 2 3.0 3.0 3.0
Wrong location (A6) 3 2 2 3 2 4 3.0 2.0 3.0
Drought (A7) 1 1 2 1 1 2 1.0 1.0 2.0
Poor pricing of electricity (A8) 2 3 1 2 2 2 2.0 25 15
Lack of policy continuity (A9) 1 3 3 2 3 3 1.5 3.0 3.0

Table 4 — Decision Makers (DM) alternatives linguistic rating and equivalent TFN

Decision Power generation Linguistic variable TFN
Makers (DM) problems EP CAD PGO EP CAD PGO
Al L VH VH (1,3,5) (7,9,9) (7,9,9)
A2 VL H VH (1,1,3) (5,7,9 (7,9,9
A3 M M M (3,5, 7) (3,5, 7) (3,5, 7)
Ad VH M VH (7,9,9) (3,5, 7 (7,9,9
DM1 A5 H H H (5,7,9) (5,7,9) (5,7,9)
A6 M L L (3,57 (1,3,5) (1,3,5)
A7 VL VL L (1,1,3) (1,1,3) (1,3,5)
A8 L M VL (1,3,5) (3,5, 7 (1,1,3)
A9 VL M M (1,1,3) (3,5, 7 (3,5, 7
Al M VH VH (3,5, 7) (7,9,9) (7,9,9)
A2 M L VH (3,5, 7) (1,3,5) (7,9,9)
A3 L H VH (1,3,5) (5,7,9 (7,9,9
Ad M H M (3,5, 7) (5,7,9 (3,5, 7)
DM2 A5 L L L (1,3,5) (1,3,5) (1,3,5)
A6 M L H (3,5, 7) (1,3,5) (5,7,9
A7 VL VL L (1,1,3) (1,1,3 (1,3,5)
A8 L L L (1,3,5) (1,3,5) (1,3,5)
A9 L M M (1,3,5) (3,5, 7 (3,5, 7)
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Decision criteria importance is generally not the same,
and criteria weight determination is required in the fuzzy
decision-making process. One technique of determining
weight is decision-makers' use to assign the degree of
importance to decision criteria using the fuzzy linguistic
scale in Table 1. The decision-makers' assigned weights
will then be aggregated with equation (2) to form
aggregated weights of criteria. However, for unbiased
comparison of the fuzzy VIKOR with the classical VIKOR
method, the same decision criteria weights [3] use for the
classical VIKOR are applied in this article for the fuzzy
VIKOR analysis. The decision criteria: EP, CAD, and
PGO weights are 0.2477, 0.3455, and 0.4068, respectively.

The first step in the fuzzy VIKOR analysis is the
formation of the aggregated decision matrix. Hence,
applying equation (1), the fuzzy rating of alternatives by
the DM1 and DM2 are synthesized to form a decision
matrix shown in Table 5. The values of fuzzy best and
worst then evaluated using equation (2). The result
produced is presented in Table 6. The fuzzy difference (3)
and the result are shown in Table 7.

Table 5 — Aggregated rating of alternatives

against decision criteria (decision matrix)

Power
generation EP CAD PGO
problems
Al (2,4, 6) (7,9,9) (7,9,9
A2 (2,3,5) (3,5, 7) (7,9,9)
A3 (2,4,6) (4,6,8) (5,7,9)
Ad (5,7,8) (4,6,8) (5,78)
A5 (3,5, 7) (3,5, 7) (3,5, 7)
A6 (3,5, 7) (1,3,5) (3,5, 7)
A7 (1,1,3) (1,1,3) (1,3,5)
A8 (1,3,5) (2,4, 6) (1,2,4)
A9 1,2, 49 3,57 (3,5, 7)

Table 6 — Fuzzy best and worst values for criterion function

Alternatives C1 Cc2 C3
i (5,7, 8) (7,9,9) (7,9,9)
i (1,1,3) (1,1,3) (1,2, 4)

Table 7 — Fuzzy difference between decision matrix and fuzzy best or worst values

Indicator EP CAD PGO
Al (-0.143, 0.429, 0.857) | (=0.250, 0.000, 0.250) | (~0.250, 0.000, 0.250)
A2 (0.000, 0.571, 0.857) (0.000, 0.500, 0.750) (=0.250, 0.000, 0.250)
A3 (-0.143,0.429, 0.857) | (-0.125,0.375, 0.625) | (-0.250, 0.250, 0.500)
A4 (-0.429, 0.000, 0.429) (-0.125, 0.375, 0.625) (-0.125, 0.250, 0.500)
A5 (-0.286, 0.286, 0.714) (0.000, 0.500, 0.750) (0.000, 0.500, 0.750)
Ab (-0.286, 0.286, 0.714) (0.250, 0.750, 1.000) (0.000, 0.500, 0.750)
A7 (0.286, 0.857, 1.000) (0.500, 1.000,1.000) (0.250, 0.750, 1.000)
A8 (0.000, 0.571, 1.000) (0.125, 0.625, 0.875) (0.375, 0.875, 1.000)
A9 (0.143, 0.714, 1.000) (0.000, 0.500, 0.750) (0.000, 0.500, 0.750)

The values of X* and Y are evaluated by equations (4)—
(5). The results are shown in Table 8. Then the values of
X*,Xxop x*1 ¥*,Y°P are summarized in Table 9.

Table 8 — Measure of separation of alternatives i
from fuzzy best and worst values

Table 9 — X*, X°P, X*L ¥* Y°P and Y*! values

Parameter Value
X (-0.223, 0.106, 0.400)
Xop 1.000
X -0.223
v (-0.043, 0.106, 0.212)
YyoP 0.407
Y -0.043

Indicator X; Y;
Al (-0.223, 0.106, 0.400) | (-0.035, 0.106, 0.212)
A2 (-0.102, 0.314,0.573) | (0.000, 0.173, 0.259)
A3 (-0.180, 0.337, 0.632) | (-0.035, 0.130, 0.216)
A4 (-0.200, 0.231, 0.525) | (-0.043, 0.130, 0.216)
A5 (-0.071, 0.447,0.741) | (0.000, 0.203, 0.305)
A6 (0.016, 0.533, 0.828) (0.086, 0.259, 0.346)
A7 (0.345, 0.863, 1.000) (0.173, 0.346, 0.407)
A8 (0.196, 0.713, 0.957) (0.153, 0.356, 0.407)
A9 (0.035, 0.553, 0.812) (0.035, 0.203, 0.305)

To evaluate the values of Q;, equation (6) is applied.
The input data is presented in Tables 8-9. The evaluated
results are shown in Table 10.

Table 10 — Fuzzy VIKOR ranking index

Indicator Q; Qi Rank
Al (-0.5302, 0.0000, 0.5389) | 0.0014 1
A2 (-0.4411, 0.1591, 0.6615) 0.1428 4
A3 (-0.5125, 0.1205, 0.6374) 0.1012 3
A4 (-0.5293, 0.0771, 0.5940) 0.0622 2
A5 (-0.4285, 0.2473, 0.7812) 0.2237 5
Ab (-0.2972, 0.3445, 0.8614) 0.3237 7
A7 (-0.0665, 0.5752, 1.0000) 0.5391 9
A8 (-0.1500, 0.5257, 0.9824) 0.4892 8
A9 (-0.3458, 0.2907, 0.8101) 0.2712 6

Finally, the values of Q; are deffusified using equation

(7) to obtained Qi values and the ranking of alternatives
performed based on the Qi values as indicated in Table 10.
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The ranking of the power generation problems based on
the Qi performance values in ascending order is Al, A2,
A3, A2, A5, A9, A6, A8, A7. The most critical power
generation problem in Nigeria is A1l (poor maintenance).
The second most critical problem is A2 (corruption), and
the minor critical problem is A7 (drought). From the
analysis results, it is recommended Nigeria power system
managers should invest in power system infrastructure
maintenance massively and curb corruption in the system
to minimize the power problem in Nigeria. The result
produced from this analysis was the same as a result
produced by Emovon and Samuel [3] using the classical
VIKOR method. The Fuzzy VIKOR methodology can
manage vagueness and subjectivity in the decision-making
process using linguistic variables that the classical VIKOR
is incapable of doing.

4 Conclusions

In this article, the fuzzy VIKOR method is presented to
rank the different power generation problems to determine
the more critical challenge for proper budgetary allocation
by the power generation system managers. The fuzzy
VIKOR analysis indicated that Al (poor maintenance) is
the most critical power generation problem, having scored
the lowest fuzzy VIKOR index value of 0.0014, while the
least critical problem is A7 (drought), having scored the
highest index value of 0.5391. The result generated from
the fuzzy VIKOR method is the same as those obtained by
Emovon and Samuel with the classical VIKOR method.
The fuzzy VIKOR has the advantage of using a linguistic
variable that is simpler for measuring human judgment
than the use of precise information in the classical VIKOR,

which is unrealistic in real-life application.
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