Computer and Decision Making — An International Journal, Volume 1, 2024, 185-195

Computer and Decision Making SMRVIEA ARG

2024

An International Journal

www.comdem.org
eISSN: 3008-1416

Optimal Management of Energy Storage Systems in Hospitals with
Quantum Spherical Fuzzy Decision-Making Modelling

Hasan Dinger?, Yasar Gokalp?*

1 School of Business, Istanbul Medipol University, Istanbul, Turkey; hdincer@medipol.edu.tr

2 School of Health, Istanbul Medipol University, Istanbul, Turkey; ygokalp@medipol.edu.tr
ARTICLE INFO ABSTRACT
Article history: This study aims to identify prioritized strategies to increase the effectiveness
Received 26 June 2024 of energy storage investments in hospitals. High energy consumption in
Received in revised form 22 September 2024 hospitals increases the importance of energy storage investments. For this

Accepted 25 September 2024

X - purpose, 5 literature-based criteria affecting hospital energy storage
Available online 25 September 2024

investments are identified. These criteria are weighted by the quantum
spherical fuzzy DEMATEL method. On the other side, 4 different renewable
energy alternatives are identified. The performance of these alternatives is
ranked with the quantum spherical fuzzy TOPSIS approach. It is determined
that storage capacity is the most critical factor in increasing the effectiveness
of the energy storage systems in the hospital. Similarly, technological
infrastructure is another key issue for the development of this process.
However, it is also seen that security issues, legal effectiveness, and financial
situations have lower weights. In addition, the ranking results demonstrate
that wind energy is the most appropriate renewable energy type for the
energy storage performance of hospitals. Geothermal energy can also be
considered for this situation. On the other hand, solar and hydropower energy
types perform at lower levels in this framework.
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1. Introduction

Hospitals are businesses that need to provide 24/7 service. Accordingly, the dependence of
hospitals on uninterrupted energy draws attention. Continuity of health services and ensuring patient
safety are directly related to uninterrupted electrical energy [1]. Therefore, energy storage systems
used in hospitals are of increasing importance day by day. Energy storage systems are vital during
possible interruptions or when the energy demand is high due to service intensity [2]. The use of
energy storage systems in hospitals is important in many ways. There are many advantages of using
energy storage systems in hospitals. It is of great importance in terms of ensuring energy security for
hospitals [3]. It contributes to the uninterrupted operation of important medical devices during
possible energy losses. They also have a significant positive impact on energy efficiency. Furthermore,
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these systems make it possible to reduce the carbon footprint as they facilitate the integration of
renewable energy. It is important to ensure operational continuity against emergencies [4].

The sustainability of healthcare services is critical in modern societies. The safety, quality, and
efficiency of healthcare services are directly related to sustainable healthcare [5]. For sustainable
healthcare, uninterrupted energy is indispensable. Therefore, it is expected that energy storage
investments in hospitals will increase [6]. However, there are many factors affecting this issue. One
of these factors is the adequacy of technological infrastructure [7]. The success of energy storage
systems depends on their compatibility with the hospital's technological infrastructure. Furthermore,
the flexibility of the existing infrastructure is important for its long-term effectiveness in adapting to
evolving technology [8]. In addition, attention should be paid to the need for qualified personnel to
use this technology [9]. Apart from this, another important factor affecting energy storage
investments in hospitals is financial considerations. The initial investment cost of energy storage
investments is high. This can prolong the payback period of investments. Besides, these technologies
bring with them advanced maintenance and repair costs [10].

Another important factor affecting these investments is the adequacy of government incentives
[11]. Government support in providing financial support contributes to increasing energy storage
investments [12]. Moreover, renewable energy investments require advanced technology. It would
be appropriate for the government to implement R&D incentive policies for this purpose [13].
Therefore, it is obvious that government policies and support are needed to increase energy storage
investments in hospitals [14]. Qualified personnel are another important factor affecting energy
storage investments in hospitals [15]. Energy storage investments incorporate advanced technology.
This brings with it the need for continuous maintenance and technical knowledge. Thus, it is
important to have qualified personnel to sustain energy storage investments. Skilled personnel who
can use this advanced technology contribute to the efficient, reliable, and sustainable operation of
the system [16].

When the literature is examined, it is understood that energy storage systems have an important
impact on the sustainability of healthcare services. In addition, it can be said that the factors affecting
energy storage have been examined separately. However, there are limited studies on energy storage
investments in hospitals. Accordingly, this study aims to identify prioritized strategies to increase the
effectiveness of energy storage investments in hospitals. The research question of the study is which
are the most effective strategies to ensure the effectiveness of energy storage investments in
hospitals. For this purpose, 5 literature-based criteria affecting energy storage investments in
hospitals are identified. These criteria are weighted by the Quantum Spherical Fuzzy Modelling
method. The need for energy storage investments in hospitals constitutes the main motivation of
this study. Multi-criteria decision-making models are utilized to provide this motivation. However,
there are many criticisms of the methods used. The main contribution of this research to the
literature is to propose a new model that meets these criticisms.

Methodology, analysis results and conclusions are presented in the following sections of the
study.

2. Methodology

This section provides detailed information about the method. In this study, Quantum Spherical
Fuzzy Sets with Golden Cut, the extension of DEMATEL and the extension of TOPSIS methods are
utilized. Quantum theory is used in different science [17]. This methodology is very successful to
make future estimation [18]. With the help of this benefit, in this model, it is used for decision-making
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analysis. This situation has a positive contribution to handle uncertainty in this process [19].
Therefore, more effective findings can be reached. In this proposed model, this theory is integrated
with spherical fuzzy sets [20]. The main superiority of this sets is that a wide range of data can be
taken into consideration [21]. Membership, non-membership hesitant degrees are considered in
these sets [22, 23]. In addition to this issue, golden ratio is also used in this study to compute the
degrees [24]. This situation helps to provide methodological originality of this study. On the other
hand, to calculate the weights of the criteria, DEMATEL methodology is taken into consideration. This
is one of the most popular weighting techniques in the literature [25]. The main superiority of
DEMATEL is that causal directions between can be taken into consideration. This condition has a
positive influence on the accuracy of the findings. Finally, selected alternatives are ranked with
TOPSIS approach. This technique is also preferred in the literature for different purposes. In this
framework, the distances to both positive and negative ideal solutions are considered in the
evaluation process [26]. This condition is accepted as the main superiority of this technique.

3. Results
The findings are presented in this section.
3.1 Criteria and Alternative List

The literature-based criteria set is given in Table 1.

Table 1: Criteria List

Criteria Codes
Storage capacity C1
Technological improvements Cc2
Security issues Cc3
Legal effectiveness c4
Financial issues C5

The list of alternatives identified is given in Table 2.

Table 2: Alternatives List

Alternatives Codes
Solar energy Al
Wind energy A2
Hydropower A3
Geothermal energy Ad

The linguistic frequentist and cut-based quantum spherical fuzzy numbers used to make the
analysis results more consistent are given in Table 3.
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Table 3: Linguistic scales and golden cut-based quantum spherical fuzzy numbers

Linguistic Linguistic Possibility QSFNs
Scales for Scales for Degrees
Criteria Alternatives
No influence  Weakest (w) 0.40 [ 0.16e/2m04 {/(.10e/27m025 0_7431'2”-0-35]
(n)
somewhat Poor (p) 0.45 [\/meizﬂ-o-%, V0.13e/2m028 \/meﬂmﬂ]
influence (s)
medium Fair (f) 0.50 [ 0.25¢/2m0-50 /() 15¢/2m031 O.60ej2”'°'19]
influence
(m)
high Good (g) 0.55 [\/Wejzn'o'ss,Meﬂ”'o'“,Mejz”'O'“]
influence (h)
very high Best (b) 0.60 [\/meﬂﬂ-o-é, V0.22¢/2m037, \/meﬂﬂ-o-%]
influence
(vh)

There are many criticisms of multi-criteria decision-making techniques in the literature that
expert evaluations are taken equally. The characteristics of the experts in this study, in which the
method developed in response to these criticisms is used, are given in Table 4.

Table 4: Specifications of the Experts

Specifications Expert 1 Expert 2 Expert 3 Expert 4
Experience (years) 15 17 22 18
Education level Master-Engineering Bachelor- Engineering  Master- Finance PHD-Economics
Title Manager Head of Department  Project Manager CEO
Expertise/Field Energy Production Economics Economics

Expert evaluations for criteria are given in Table 5.
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Table 5: Expert opinions for the criteria

Expert 1
c1 c2 C3 c4 C5
Cc1 VH H H H
Cc2 VH H H M
C3 M S M M
c4 H VH M M
c5 VH M H M
Expert 2
c1 c2 Cc3 c4 C5
Cc1 H H M M
Cc2 VH H H M
C3 M M M M
c4 H VH M M
c5 H M H M
Expert 3
c1 c2 Cc3 c4 C5
c1 VH H VH H
Cc2 VH H H S
C3 M S M M
c4 H VH M S
c5 VH S H M
Expert 4
c1 Cc2 Cc3 c4 C5
Cc1 VH VH H VH
C2 VH H H M
C3 M S S H
c4 H VH S H
c5 VH M H M

The mean values of quantum spherical fuzzy numbers for the criteria are presented in Table 6.

Table 6: Average values of quantum spherical fuzzy numbers for the criteria

c1 Cc2 Cc3 c4 C5
C1 0.35¢/2m0.59, _mejzn.0.57’_ _\/meJZ”-O-SS,_ '\/mejZn.O.SS"
\/mejm.ose' Meﬂ”'o's's, \/mejmo.szt’ \/Weﬂ”'o'“,
\/mejZn.0.0é _\/mejm.o.o*a | _\/mejZn.O.13 | _\/mej2n.0.13 |
c2 ‘menn.o.so" _Meﬂ”'o'ss,_ ‘\/mejm.o.ss; _Meﬁ"'o"*s,_
Meiz"-0-37, meﬂn.o.m, \/mejm.oszt, \/Wejzn'o'%,
_meﬂn.om_ _\/mejZn:.O.ll_ _\/meﬂn.o.n_ _meﬂn.o.zz_
C3 ‘mejzn.o.so; 'mejzfr.o.47" 'meﬂn.o.w" 'meﬂn.o.so,'
\/mejZH.OBl' mejzn.o.zt)’ \/mejm.oso, \/mejZn.OSI’
| O.60€j2”'0'19. | 0.656j2”'0'25. _\/mejm.o.zz_ | O_6Oej2n.0.20_
Cc4 '\/mejzn.o.ss" 'mejzn.o.eo" 'meﬂn.o.w,‘ ‘\/mejm.o.so"
0.19ej2”'0'34, Meﬂ”'o'”, 0.14ej2n.0.30’ meﬁn.o.m’
-\/meﬂ”‘o'“. _\[meﬁn.om_ _mejzn.o.zz_ _mejZH.O.l‘B_
c5 ‘\/mejm.o.w" '\/mejZE.OAB" 'mejzfr.o.ss" \/mejzn.o.so,
0.21ej2n.0.36’ 0.14ej2n.0.30’ \/mejm.osz;’ 0.156j2n.0.31,
_\/mejzn.o.oe_ _me}'zn_o_zz_ _\/mejz’”"“. \/meﬂn.o.l‘)
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Table 7 shows the score function of the criteria for quantum global fuzzy sets.

Table 7: Score function of the criteria for quantum spherical fuzzy sets

Cl Cc2 C3 C4 C5
Cc1 0.000 1.863 1.759 1.709 1.709
C2 1.920 0.000 1.705 1.705 1.453
Cc3 1.500 1.356 0.000 1.453 1.553
ca 1.705 1.920 1.453 0.000 1.507
cs5 1.863 1.453 1.705 1.500 0.000

The normalized relationship matrix is shown in Table 8.
Table 8: Normalized relation matrix

C1 Cc2 Cc3 Cca C5
c1 0.000 0.265 0.250 0.243 0.243
Cc2 0.273 0.000 0.242 0.242 0.206
C3 0.213 0.193 0.000 0.206 0.221
C4 0.242 0.273 0.206 0.000 0.214
(65) 0.265 0.206 0.242 0.213 0.000

The total relationship matrix is in Table 9.
Table 9: Total relation matrix

Cl Cc2 C3 C4 C5
C1 2.893 2.974 2.974 2.883 2.832
C2 3.025 2.688 2.891 2.807 2.734
C3 2.666 2.542 2.389 2.485 2.451
ca 2.945 2.844 2.808 2.555 2.683
cs 2.928 2.770 2.803 2.702 2.479

The weightings of the criteria formed as a result of the analysis are shown in Table 10.

Table 10: Influence and Weights of the Criteria

D E D+E D-E Weighting Impact directions
results
c1 14.555 14.458 29.013 0.097 0.2110 C1->(C2,C3,C4,C5)
c2 14.145 13.818 27.963 0.327 0.2034 C2->(C1,C3,C4)
c3 12.533 13.864 26.398 -1.331 0.1920 -
ca 13.835 13.431 27.267 0.404 0.1983 C4-»(C1,C2,C3)
C5 13.683 13.179 26.862 0.503 0.1954 C5->(C1,C2,C3)

Table 10 explains that storage capacity is the most critical factor to increase the effectiveness of
the energy storage systems in the hospital. Similarly, technological infrastructure is another key
issue for the development of this process. However, it is also seen that security issues, legal
effectiveness and financial situations have the lower weights. The evaluations given by the
experts for the alternatives are given in Table 11.
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Table 11: Expert opinions for the alternatives

Expert 1
(o] c2 C3 c4 C5
Al B G P F F
A2 G F G B G
A3 B F G G G
A4 B G G G G
Expert 2
(o] c2 C3 c4 C5
Al B B G F F
A2 G F G B G
A3 G G G G G
A4 B G G G G
Expert 3
(o] c2 C3 c4 C5
Al G G F F F
A2 G F G B G
A3 G G G G F
A4 G G G G G
c5 G G F F F
Expert 4
(o] c2 C3 c4 C5
Al G G F F F
A2 G F G B G
A3 B F G F F
A4 G F G F G

the literature are shown in Table 12.

The average values of quantum spherical fuzzy numbers for the alternatives identified based on

Table 12: Average values of quantum spherical fuzzy numbers for the alternatives

C1 c2 Cc3 c4 C5

Al ‘meﬁn.o.ss" 'mejzfr.o.s7" ‘meﬂn.o.so" -\/mejzn.o.SO,- ‘\/mejmo.so,'
\/mejZH.O.SG' \/mejzn.oss' mejZmO.Sl’ \/mejZH.OSI, \/mejZn.OSI’
_\/mejm.o.os | _Mejm.ow | _\/mejzfr.o.w ] _meﬂn.o.w_ _meﬂn.o.l‘) ]

A2 —\/ﬁeﬂ"""ss,_ '\/mejZH.O.SO" 'meﬂn.o.ssl‘ 'meﬂn.OﬁO,' ‘\/mejm.o.ss"
O.19ej2”'0'34, 0.1561'271.0.31' \/meﬂn.oszx’ Meﬁ”'o'”, meﬁn.oszx’
_\/mejzn.o.n_ _mejzn.o.w_ _\/mejzn.o.n_ _\/mejm.o.m_ _\/mejm.o.n_

A3 '\/@ejzn.o.ssj' 'mejzn.o.sz" 'meﬂn.o.ssl‘ '\/mejm.o.m,' '\/mejm.o.sz"
Meﬁ”'g'%, \/Weﬂ”'o'”, \/mejm.oszx’ \/mejm.o.ss' meﬁn.osz’
_\/mejzn.o.os_ _mejzn.o.w_ _\/mejzn.o.n_ _\[(mejm.o.m_ _\/meﬂn.o.lg_

Ad '\/mejZH.O.SB" '\/meﬂn.o.&}" ‘mejm.o.ss" '\/mejzn.os‘;,' '\/mejZn.O.SS"
Mejz’”"%, Meﬂ”'o'”, Meﬂ”'o'“, \/Weﬂ”'o'”, mej2n.0.34,
_\/mejzn.o.os_ _\/mejZn.O.B_ _\/mejZn.O.ll_ _\/meﬁn.o.13_ _\/meﬁn.o.ll_

The normalized decision matrix obtained for the alternatives as a result of the analysis is Table 13.
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Table 13: Normalized decision matrix

C1 C2 C3 C4 C5
Al 0.507 0.539 0.455 0.444 0.460
A2 0.478 0.460 0.514 0.568 0.523
A3 0.507 0.491 0.514 0.490 0.492
A4 0.507 0.507 0.514 0.490 0.523

The weighted decision matrix for the alternatives is in Table 14.

Table 14: Weighted decision matrix

C1 C2 C3 C4 C5
Al 0.107 0.110 0.087 0.088 0.090
A2 0.101 0.093 0.099 0.113 0.102
A3 0.107 0.100 0.099 0.097 0.096
A4 0.107 0.103 0.099 0.097 0.102

The ranking of the alternatives criteria is shown in Table 15.

Table 15: Ranking results

Alternatives D+ D+ RCi Ranking
Al 0.030 0.017 0.367 4
A2 0.017 0.030 0.633 1
A3 0.019 0.018 0.486 3
Al 0.017 0.022 0.569 2

Table 15 gives information that wind energy is the most appropriate renewable energy type with
respect to the energy storage performance of the hospitals. Geothermal energy can also be
considered for this situation. On the other hand, solar and hydropower energy types have lower
performance in this framework.

4. Conclusions

In this study, it is aimed to define prioritized strategies to increase the effectiveness of energy
storage investments in hospitals. Within this scope, 5 literature-based criteria affecting energy
storage investments in hospitals are identified. These criteria are weighted by the quantum spherical
fuzzy DEMATEL method. On the other side, 4 different renewable energy alternatives are
determined. The performance of these alternatives are ranked with quantum spherical fuzzy TOPSIS
approach. It is identified that storage capacity is the most critical factor to increase the effectiveness
of the energy storage systems in the hospital. Similarly, technological infrastructure is another key
issue for the development of this process. However, it is also seen that security issues, legal
effectiveness and financial situations have the lower weights. In addition to them, the ranking results
demonstrate that wind energy is the most appropriate renewable energy type with respect to the
energy storage performance of the hospitals. Geothermal energy can also be considered for this
situation. On the other hand, solar and hydropower energy types have lower performance in this
framework. Therefore, it would be appropriate for decision makers to develop strategies by taking
into account the results of this study.
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