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A B S T R A C T

This study aims to evaluate essential performance indicators of energy storage investments with a novel
decision-making model. The first stage includes weighting the selected criteria with Spherical fuzzy TOPSIS-
based DEMATEL, called TOP-DEMATEL. In the second stage, seven emerging countries are ranked based on
the effectiveness of energy storage investments using ranking technique by geometric mean of similarity ratio
to optimal solution (RATGOS). RATGOS is a new ranking method proposed in this study to address the
shortcomings of the existing methods by using geometric mean. The findings indicate that energy storage
capacity is the most significant factor in improving energy storage investments in developing economies.
Technological improvements are also important in this regard. It is strongly recommended that energy storage
technologies need to be developed by conducting new research and development activities. Owing to new
technological developments, more efficient batteries can be produced. These new products allow energy to be
stored at higher capacity.
. Introduction

Energy storage investments are projects that enable the excess
nergy produced by renewable energy sources to be reused at any
ime. It is possible to talk about many important advantages of these
nvestments. First, these projects contribute to increasing renewable
nergy integration. On the other hand, renewable energy types may
e affected by climate differences [1]. This situation causes imbalances
n the amount of energy production. Energy storage investments also
ontribute to solving these problems more effectively. Moreover, these
nvestments also enable energy outages to be minimized. Thus, stored
nergy can be taken into account in emergency situations. Additionally,
ne of the most important advantages of energy storage investments
s that it reduces greenhouse gas emissions. Since it contributes to
ncreasing renewable energy investments, the solution to the carbon
mission problem will become easier [2]. Similarly, by storing excess
roduced energy, the produced energy will not be wasted. This provides
significant opportunity to determine energy efficiency.

It is possible to mention a number of important factors that affect
he effectiveness of energy storage investments. The legal regulations
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1 PhD Student.

of the country in which the investment will be made should also be
taken into consideration in this process [3]. As a result of activities
that violate these regulations, businesses may be subject to high fines.
Conditions in energy markets are another issue that should be taken
into consideration in this context. Fluctuations in energy prices can
significantly affect the profitability of energy storage investments. Sim-
ilarly, exchange rate risks play also critical role in this framework. Any
radical changes in the exchange rates may have negatively affect the
performance of this process. For the effective management of these
risks, financial derivatives should be considered.

Moreover, the project where energy storage will be carried out
must be close to places where energy is demanded [4]. This situa-
tion contributes to reducing energy transmission costs. Because of this
condition, appropriate location selection issue should be taken into con-
sideration to improve the performance of this situation. Furthermore,
technological competence is another issue that affects the performance
of energy storage investments. It is important to use advanced technol-
ogy for storage systems to operate at low cost. To achieve this goal,
businesses need to make investments in the development of energy
storage technologies. On the other hand, reducing costs may attract
the attention of investors. The main issue is that the cost of these
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technologies used is a critical factor that determines the success of the
project.

Improvements need to be made for these variables to increase the
performance of energy storage investments. In this way, it will be easier
to ensure both financial and operational sustainability of these projects.
However, the most important disadvantage of these improvements is
that they increase costs. In other words, the costs of the actions taken
should also be taken into account when making improvements [5]. Oth-
erwise, the costs of energy storage projects will increase significantly,
and this will cause investments to suffer losses. To avoid this problem, it
would be appropriate to focus on the most important factors instead of
making too many improvements. Therefore, it is necessary to determine
the most important factors affecting energy storage investments. By
identifying these factors, it is possible for businesses to have more
reasonable costs while increasing the performance of these projects.

Accordingly, this study aims to identify key determinants of the
performance of the energy storage investments with a new model. In
this context, the main research question of the study is to determine the
most important factors to increase the performance of energy storage
investments. The first stage includes the weighting of the selected
criteria with Spherical fuzzy TOPSIS-based DEMATEL (TOP-DEMATEL)
methodology. At the second stage, emerging seven countries are ranked
based on the effectiveness of energy storage investments. In this scope,
ranking technique by geometric mean of similarity ratio to optimal
solution (RATGOS) technique is taken into consideration.

The main contributions of this study are given as follows. (i) A new
ranking approach, RATGOS, is proposed in this study to overcome the
criticisms made for existing ranking techniques [6]. In this process,
geometric mean is considered in the analysis process [7]. (ii) TOP-
DEMATEL methodology is also newly proposed in this study to handle
the disadvantages of classical DEMATEL technique, such as creating
equal weights inappropriately in case of symmetrical evaluation [8,9].
Because of this issue, final steps of TOPSIS are integrated to the classical
DEMATEL so that TOP-DEMATEL is generated [10]. (iii) It is possible
to talk about some advantages of examining the effectiveness of energy
storage investments for developing countries. Since these countries
have fast-growing economies, energy demand can also increase radi-
cally. Energy storage projects need to be increased to meet this demand
effectively and to avoid carbon emissions in this process.

The second part consists of literature review. The proposed method-
ology is explained in the third section. The fourth part focuses on the
analysis results. The final section includes discussion and conclusion.

2. Literature review

Technological development is of great importance in increasing the
effectiveness of energy storage investments. Gu et al. [11] defined that
thanks to the application of advanced technologies, it is possible to
reduce the costs of these processes. This contributes to the financial
sustainability of the projects. On the other hand, Gacitúa et al. [12]
mentioned that technological developments also help increase the ef-
ficiency of the process. Owing to these technologies, it is possible
to store more energy. In this case, the capacity of energy storage
projects can be increased. Moreover, Bian [13] identified that adapting
to technological developments helps to use more durable materials. In
this way, it is possible for energy storage facilities to have a longer
lifespan. Gao et al. [14] denoted that this situation allows maintenance
costs and possible disruptions to be reduced. Thus, the efficiency of
energy storage projects can be increased. Zhang et al. [15] showed
that technological advances also contribute to increasing the safety
of energy storage processes. This situation makes these projects more
preferred by the investors and customers.

Effective legal regulations are also necessary to increase the perfor-
mance of energy storage projects. According to Tang and Wang [16],
for these projects to be developed, investors’ sense of trust must in-

crease. To achieve this goal, the legal infrastructure in the country must
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be sufficient. In other words, in an environment where legal uncertain-
ties are reduced, investors focus much more on these projects [17].
On the other hand, Sun et al. [18] concluded that sufficient legal
infrastructure also ensures that foreign investors are willing to come to
the country. Since this situation will increase the liquid money in the
market, it enables the capital needs in the country to be easily met.
Moreover, Zhou et al. [19] demonstrated that when investors make
energy storage investments in another country, they need to thoroughly
understand the legal conditions of these countries. Otherwise, Hunt
et al. [20] concluded that investors run the risk of being exposed
to significant penalties. This situation may cause financial losses for
energy storage investments.

Energy storage capacity is also vital to ensure the effectiveness of
these projects. Moraski et al. [21] stated that energy storage capacity
refers to how much energy can be stored. Energy storage investments
play an important role, especially in providing uninterrupted energy
to businesses. However, if the storage capacity cannot meet this need,
energy outages may occur [22]. This situation causes disruptions in the
production processes of businesses. In this context, it is important to
have high capacity to meet energy demand effectively. On the other
hand, Shirole et al. [23] defined that high energy storage capacity
contributes to reducing the load on the main grid. Thus, it is possible
for the energy provided by the main grid to be more stable. High energy
storage capacity also helps to be less affected by market risks. In this
context, Salehi and Rastegar [24] concluded that countries can obtain
their own energy thanks to high-capacity energy storage processes. This
eliminates the obligation of countries to import energy. Therefore, Cho
et al. [25] indicated that in case of possible increases in energy prices,
these countries will be less affected by these fluctuations.

Financial issues are of great importance in increasing the effective-
ness of energy storage investments. Kosowski et al. [26] denoted that
the high costs of energy storage projects significantly reduce the success
of these investments. Therefore, low costs enable investors to focus
on these projects. Avamolowo et al. [27] showed that finding low-
cost financing sources is very important for the long-term sustainability
of these projects. In this process, first, the financial markets in the
country must be developed. Zhou et al. [28] identified that in this way,
investors can easily access the financing source they need for energy
storage projects. Moreover, Augadra et al. [29] concluded that some
support should be provided by the state for these projects. In this con-
text, low-interest loan opportunities and tax exemptions allow the costs
of these projects to decrease. Furthermore, Vecchi and Sciacovelli [30]
underlined that the high returns of energy storage projects may also
attract the attention of investors. In this way, more investors can be
found, and the financial support required to carry out these projects
can be provided.

The findings obtained as a result of the literature review can be
summarized as follows. Energy storage investments are very important
in terms of clean energy use and energy independence in countries.
Therefore, these projects should be increased effectively. To achieve
this goal, the basic factors affecting performance need to be improved.
On the other hand, every improvement made also leads to an increase
in costs. Therefore, it is not financially possible to make improvements
to too many variables. In this context, more important factors should
be determined, and actions should be taken accordingly. Nevertheless,
there are very limited studies in the literature focusing on this issue.
This situation means a significant gap in the literature on energy
storage investments. To fill this gap, a new decision-making model is
created to make a priority analysis.

3. Proposed methodology

A new fuzzy decision-making model is constructed in this study
to evaluate the main performance indicators of energy storage invest-
ments. The details of this model are provided in Fig. 1.

This section includes the methodological details of the approaches

used in the proposed model.
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Fig. 1. Flowchart.
Table 1
Linguistic variable.

𝜇 𝜂 𝜐

4 ,85 ,15 ,45
3 ,6 ,2 ,35
2 ,35 ,25 ,25
1 0 ,3 ,15
0 0 0 0

3.1. Spherical fuzzy top-dematel

DEMATEL is used to calculate weight of the criteria. The main
advantage of this method is that it considers causality between criteria.
If the decision matrix is symmetrical, a problem is occurred while calcu-
lating of weights in the classical DEMATEL. Therefore, TOP-DEMATEL
is proposed to overcome these disadvantages [8]. This newly generated
method with spherical fuzzy numbers is developed below. Firstly, eval-
uations are received from experts and converted into spherical fuzzy
numbers detailed in Table 1 where 𝜇, 𝜂 and 𝜐 are membership value,
on-membership value and hesitancy value, respectively [9].

The matrix form of the evaluation is shown in Eq. (1).

𝑖 =
⎡

⎢

⎢

⎣

(0, 0, 0) ⋯
(

𝜇𝑖
1𝑛, 𝜂

𝑖
1𝑛, 𝜈

𝑖
1𝑛
)

⋮ ⋱ ⋮
(

𝜇𝑖
𝑛1, 𝜂

𝑖
𝑛1, 𝜈

𝑖
𝑛1
)

⋯ (0, 0, 0)

⎤

⎥

⎥

⎦

(1)

Decision matrix (D) is created by using Eqs. (2) and (3).

𝐹𝑊 𝐴𝑀𝑊
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1
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(
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𝐷𝑖

)
1
𝑘 −

𝑘
∏
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(
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𝑘
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1
2
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⎭

(2)

𝐷 =

⎡

⎢

⎢

⎢

⎣

0 ⋯
(

𝜇𝑑
1𝑛, 𝜂

𝑑
1𝑛, 𝜈

𝑑
1𝑛

)
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𝑑
𝑛1

)

⋯ 0

⎤

⎥

⎥

⎥

⎦

(3)
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Then, three separate submatrices are generated for each component
in spherical fuzzy numbers. For normalize, the largest row and column
summation is taken into account. The decision matrix is divided by the
value. After that, each submatrix is normalized by the help of Eqs. (4)
and (5).

𝑋 = 𝑠𝐷(4) (4)

𝑠 = min
⎡

⎢

⎢

⎣

1
max𝑖

∑𝑛
𝑗=1

|

|

|

𝑑𝑖𝑗
|

|

|

, 1
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|
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𝑑𝑖𝑗
|

|

|

⎤

⎥

⎥

⎦

(5)

Normalized submatrices are constructed with Eq. (6).

𝑋𝜇 =
⎡

⎢

⎢

⎣

0 ⋯ 𝜇1𝑛
⋮ ⋱ ⋮
𝜇𝑛1 ⋯ 0

⎤

⎥

⎥

⎦

𝑋𝜂 =
⎡

⎢

⎢

⎣

0 ⋯ 𝜂1𝑛
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𝜂𝑛1 ⋯ 0

⎤

⎥

⎥

⎦

𝑋𝜈 =
⎡

⎢

⎢

⎣

0 ⋯ 𝜈1𝑛
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𝜈𝑛1 ⋯ 0

⎤

⎥

⎥

⎦

(6)

With the help of Eq. (7), total relationship matrices (T ) are calcu-
lated for each submatrix.

𝑇 = 𝑋 ∗ (1 −𝑋)−1 (7)

Calculated sub-total relationship matrices are combined and total
relationship matrix (𝑇̃ ) is generated as in Eq. (8).

𝑇̃ =
⎡

⎢

⎢

⎣

(

𝜇𝑇
11, 𝜂

𝑇
11, 𝜈

𝑇
11
)

⋯
(

𝜇𝑇
1𝑛, 𝜂

𝑇
1𝑛, 𝜈

𝑇
1𝑛
)

⋮ ⋱ ⋮
(

𝜇𝑇
𝑛1, 𝜂

𝑇
𝑛1, 𝜈

𝑇
𝑛1
)

⋯
(

𝜇𝑇
𝑛𝑛, 𝜂

𝑇
𝑛𝑛, 𝜈

𝑇
𝑛𝑛
)

⎤

⎥

⎥

⎦

(8)

Score function is calculated by Eq. (9) to generate defuzzified
values.

𝑆𝑐𝑜𝑟𝑒 = 𝜇2 − 𝜂2 − 𝜈2 (9)

Finally, the Euclidean distance of the values to the maximum and
minimum values for the row and column in the total impact matrix is
taken into account. The weights are calculated with the sum of these
distances. Weights (W ) are obtained by Eqs. (10)–(16).

𝐶∗
𝑗 =

√

√

√

√

𝑛
∑

(

𝑡𝑖 − max
𝑗

𝑡𝑖

)2
𝑗 = 1, 2, ..𝑛 (10)
𝑖=1
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Table 2
Linguistic variables for ranking.

Scales 𝜇 𝜂 𝜐

1 .1 .9 0
2 .2 .8 .1
3 .3 .7 .2
4 .4 .6 .3
5 .5 .5 .4
6 .6 .4 .3
7 .7 .3 .2
8 .8 .2 .1
9 .9 .1 .0

𝐶−
𝑗 =

√

√

√

√

𝑛
∑

𝑖=1

(

𝑡𝑖 − min
𝑗

𝑡𝑖

)2
𝑗 = 1, 2, ..𝑛 (11)

𝑅∗
𝑖 =

√

√

√

√

𝑛
∑

𝑗=1

(

𝑡𝑗 − max
𝑖

𝑡𝑗
)2

𝑖 = 1, 2, ..𝑛 (12)

𝑅−
𝑖 =

√

√

√

√

𝑛
∑

𝑗=1

(

𝑡𝑗 − max
𝑖

𝑡𝑗
)2

𝑖 = 1, 2, ..𝑛 (13)

𝑆∗
𝑖 = 𝐶∗

𝑖 + 𝑅∗
𝑖 (14)

𝑆−
𝑖 = 𝐶−

𝑖 + 𝑅−
𝑖 (15)

𝑊𝑖 =
𝑆−
𝑖

𝑆−
𝑖 + 𝑆∗

𝑖
(16)

3.2. Spherical fuzzy RATGOS

Existing ranking models in the literature are criticized by the schol-
ars. In the analysis process of TOPSIS technique, Euclidean distance is
taken into consideration to compute the distance to the optimal value.
This situation is criticized for the calculation of the distance to the
negative optimal value [6]. Due to these disadvantages, it is understood
that a new approach should be created to find the solution of these
issues. RATGOS is a newly generated ranking method that considers
similarity ratios [7]. Geometric mean is taken into consideration in this
method in the calculation process. First, evaluations of the experts are
converted to the spherical fuzzy numbers defined in Table 2.

Then, with Eq. (2), the average of the expert opinions (Z) is created.
In the Z matrix, the optimal value is calculated for each criterion. Eqs.
(17) and (18) are used for this situation.

𝑜𝑝𝑡𝑖𝑚𝑎𝑙 =
{

(𝜇, 𝜂, 𝜐) |max(𝑆𝑐𝑜𝑟𝑒(𝑍𝑖))
}

𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 (17)

𝑜𝑝𝑡𝑖𝑚𝑎𝑙 =
{

(𝜇, 𝜂, 𝜐)|min(𝑆𝑐𝑜𝑟𝑒(𝑍𝑖))
}

𝑓𝑜𝑟 𝑐𝑜𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 (18)

In this context, Score (𝑍𝑖) is the score function of the spherical
uzzy 𝑍𝑖 number and is calculated by Eq. (9). Then, using Z matrix
n Eq. (9), the defuzzified matrix (F ) is obtained. By dividing values of
he F matrix to the optimal value, the similarity matrix to the optimal
alue (B) is obtained. Eqs. (19) and (20) are used for this condition.

𝑖𝑗 =
𝑓𝑖𝑗

𝑆𝑐𝑜𝑟𝑒(𝑜𝑝𝑡𝑖𝑚𝑎𝑙𝑗 )
𝑖 = 1, 2,… , 𝑛, 𝑗 = 1, 2,… , 𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎

(19)

𝑏𝑖𝑗 =
𝑆𝑐𝑜𝑟𝑒(𝑜𝑝𝑡𝑖𝑚𝑎𝑙𝑗 )

𝑓𝑖𝑗
𝑖 = 1, 2,… , 𝑛, 𝑗 = 1, 2,… , 𝑚 𝑓𝑜𝑟 𝑐𝑜𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎

(20)

With the help of Eq. (21), the weighted similarity matrix (N) is
obtained by multiplying the B matrix with the weights (W ) of the
criteria.

𝑁 = 𝐵 ∗ 𝑊 (21)

Since the values of the N matrix have negative values due to the
score function, the geometric mean (G) is calculated on a row basis
 e

4

Table 3
Selected Criteria.

Criteria Literature

Technological Developments [11]
Effective Legal Regulations [18]
Energy Storage Capacity [23]
Financial Effectiveness [27]
Energy Market Risk [29]

by Eq. (22). Thus, the average similarity ratios are calculated.

𝐺𝑖 =
𝑛

√

√

√

√

𝑛
∏

𝑖=1
(1 + 𝑛𝑖𝑗 ) − 1 (22)

In the following step, G values are ranked. The highest value is
onsidered similar to the most optimal and determined as the most
uitable alternative.

. Analysis results

A new model is constructed to identify key determinants of the
erformance of the energy storage investments. The first stage con-
ists of the weighting of the selected criteria with Spherical fuzzy
OP-DEMATEL methodology. Secondly, emerging seven countries are
xamined according to the effectiveness of energy storage investments.
or this purpose, RATGOS technique is taken into consideration. The
esults of this model are shown in the following subsections.

.1. Computing the weights of the selected criteria

Based on the literature review results, five different criteria are
elected that have an impact on the effectiveness of the energy storage
nvestments. The details of these items are demonstrated in Table 3.

Advanced energy storage technologies contribute to more effective
peration of energy storage systems. With the help of these techno-
ogical improvements, the cost of the energy storage systems can be
ecreased. Hence, effectiveness of the energy storage systems can be
rovided. Thanks to a well-designed legal system, investors can be
ncouraged to focus on energy storage projects. This situation attracts
he attention of the investors so that investments of these projects
an be increased. Energy storage projects with sufficient capacity help
o achieve energy supply and demand balance. To ensure long-term
ustainability of energy storage projects, the projects must also be
inancially successful. Price fluctuations in energy markets also cause
he performance of these projects to decrease. The details of the expert
valuations are given in Table A.1. Expert opinions are converted into
pherical fuzzy numbers. It is converted into a 3-component number
orresponding to the scale score given by the experts. In other words,
f the expert says ‘‘1’’ in the criterion comparison, fuzzy numbers are
aken into account, including the corresponding values of 0, 0.3 and
.15. In the equations, 0 is used for membership value, 0.3 is used
or non-membership value and 0.15 is used for hesitancy value. Then,
he average of the expert opinions obtained is taken by Eq. (2). Thus,
he decision matrix is obtained as in Table A.2. Three submatrices
re created from the resulting decision matrix. Afterwards, they are
ormalized with the help of Eqs. (4) and (5) as in Table A.3. The
alues in the decision matrix are normalized to remove the unit size and
btain the standardize values. With Eq> (7), the component of the total
elationship matrix is calculated over each sub-matrix. Then, Euclidean
ormalization is applied to be suitable for spherical fuzzy sets. Defuzzi-
ied total relationship matrix is given in Table A.4. Criterion weights
re calculated based on the total relationship matrix. Eqs. (10)–(16)
re used to calculate the weights as detailed in Table 4.

It is concluded that energy storage capacity is the most signif-
cant factor to improve energy storage investments in developing
conomies. Technological improvements are also important in this
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Table 4
S*, S- and weights.

Criteria S* S- Weights Rank

Technology 0,8983 4,6849 0,2157 2
Legal 0,6224 1,6547 0,1868 4
Capacity 0,9175 5,0866 0,2178 1
Finance 0,9436 4,8948 0,2156 3
Market 1,0394 1,8323 0,1640 5

Table 5
G values and ranking.

Alternatives G Ranking

Brazil −.2475 4
China .0804 1
India −.2497 5
Indonesia −.2212 3
Mexico −.2583 6
Russia .0366 2
Turkey −.2813 7

regard. Nonetheless, effective legal regulations, financial effectiveness
and energy market risk have lower importance for this situation.

4.2. Ranking emerging seven countries

In the second part of the proposed model, emerging seven countries
are evaluated with respect to the performance of the energy storage
projects. In other words, in this process, it is aimed to understand which
of these countries are more successful for the effectiveness of the energy
storage investments. There are significant advantages of examining the
effectiveness of energy storage investments for developing countries.
Because these countries have fast-growing economies, energy demand
can also increase radically. Energy storage projects need to be increased
to meet this demand effectively and to avoid carbon emissions in this
process. Evaluations are denoted in Table A.5. Expert opinions are con-
verted to spherical fuzzy numbers. The average of expert opinions (Z) is
obtained with Eq. (2). Z matrix is demonstrated in Table A.6. Optimal
values are determined with help of Eq. (17) because all criteria are
benefit. Score values of Z and optimal values are calculated by Eq. (9).
Next, B matrix is found with Eq. (19). After that, B matrix is given in
Table A.7. Then, B matrix is multiplied by the weights with Eq. (21). In
this process, the values in the first subsection are used as weights. The
weighted similarity matrix is denoted in Table A.8. Finally, G values
and rankings of the alternatives are given in Table 5.

The ranking results demonstrate that China has the greatest perfor-
mance for the energy storage investment performance. Russia is also
another important emerging economy in this respect. However, Brazil,
India, Indonesia, Mexico, and Turkey have lower performance for these
investments.

5. Discussion

It has been determined that energy storage capacity is of great im-
portance in increasing the effectiveness of energy storage investments.
High capacity allows more renewable energy to be stored. Therefore,
designing the energy storage system with high capacity allows the
performance of these projects to be increased. Xiao et al. [31] dis-
cussed that energy storage systems with sufficient capacity play a very
important role in cases where the amount of energy produced is not
sufficient. According to Ezika et al. [32], this condition contributes
significantly to minimizing energy outages. The amount of electricity
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produced from renewable energy projects may vary according to dif-
ferent seasons. Singh et al. [33] defined that to manage this imbalance
more accurately, energy storage capacity needs to be increased. This
allows these outages to be managed more effectively. Thus, it is possible
to supply the energy needed by businesses in a more stable manner. Yi
et al. [34] showed that this situation gives an opportunity to minimize
the disruptions that may occur in the production process. Thus, the
development of country economies can be both more sustainable and
more stable.

It is possible to take various actions to increase the storage capacity
in energy storage systems. First, energy storage technologies need to
be developed. Yu et al. [35] identified that research studies in this
field enable us to achieve this goal. Thanks to new technological
developments, more efficient batteries can be produced. These new
products allow energy to be stored with higher capacity. Higher-scale
investments are needed to design a larger capacity energy storage
system [36]. Higher amounts of financial resources are needed to
realize these projects. Wei et al. [37] concluded that both government
support and the development of financial markets in the country are
of vital importance in this process. Lu et al. [38] also underlined that
handling two different renewable energy projects in a hybrid way is
also very effective in increasing energy storage capacity. In this way, it
is possible to produce and store more energy.

In the literature, many different scholars also underlined the signif-
icance of the effective risk management to increase the effectiveness of
the energy storage investments [39,40]. In this scope, Saqib et al. [41]
evaluated the performance of energy imports in Pakistan. In this frame-
work, the importance of exchange rate volatility is highlighted. Candila
et al. [42] made similar evaluation for oil-exporting and oil-importing
countries. They reached a conclusion that exchange rate volatility
has a significant influence on the performance of this industry. An
et al. [43] examined the global oil market in South Korea and con-
cluded the same issues. Tabar et al. [44], Zishan et al. [45] and Cao
et al. [46] also demonstrated the importance of effective exchange
rate risk management to improve the performance of energy storage
systems. On the other side, Dong et al. [47], Arellano-Prieto et al. [48]
and Lotfi et al. [49] denoted that technological risks should be managed
effectively to reach this objective.

6. Conclusion

This study tries to examine important performance indicators of the
energy storage investments with a novel decision-making model. The
first stage includes the weighting of the selected criteria with Spher-
ical fuzzy TOP-DEMATEL methodology. At the second stage, emerg-
ing seven countries are ranked based on the effectiveness of energy
storage investments. In this scope, RATGOS technique is taken into
consideration. It is concluded that energy storage capacity is the most
significant factor to improve energy storage investments in developing
economies. Technological improvements are also important in this
regard. Nonetheless, effective legal regulations, financial effectiveness
and energy market risk have lower importance for this situation.

The main contribution of this study is that a new ranking approach
(RATGOS) is generated in this study to handle the criticisms made
for existing ranking techniques. For this purpose, geometric mean
is considered in the analysis process. Additionally, TOP-DEMATEL
methodology is also newly proposed in this study to manage the
disadvantages of classical DEMATEL technique, such as creating equal
weights inappropriately in case of symmetrical evaluation. Because
of this issue, final steps of TOPSIS are integrated to the classical
DEMATEL so that TOP-DEMATEL is generated. The main limitation
of this study is that only emerging economies are evaluated. These
countries have fast-growing economies. Because of this issue, energy
demand can be increased significantly in these countries. Therefore,
energy storage investments should be improved for these countries.
However, these projects are also significant for developed economies.
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Table A.1
Expert opinions for weighting.

Expert 1

Technology Legal Capacity Finance Market

Technology 0 4 2 4 4
Legal 1 0 2 1 1
Capacity 3 4 0 4 4
Finance 1 1 1 0 1
Market 1 2 2 1 0

Expert 2

Technology Legal Capacity Finance Market

Technology 0 4 3 2 2
Legal 2 0 1 1 2
Capacity 4 3 0 4 4
Finance 1 1 1 0 2
Market 1 2 2 1 0

Expert 3

Technology Legal Capacity Finance Market

Technology 0 4 2 2 2
Legal 1 0 2 1 1
Capacity 3 4 0 4 4
Finance 1 2 1 0 2
Market 1 1 2 2 0
Table A.2
Decision matrix.

Technology Legal Capacity Finance Market

Technology .00 .00 .00 .85 .15 .45 .46 .23 .25 .63 .21 .52 .63 .21 .52
Legal .21 .28 .15 .00 .00 .00 .29 .27 .25 .00 .30 .15 .21 .28 .15
Capacity .72 .18 .37 .80 .17 .48 .00 .00 .00 .85 .15 .45 .85 .15 .45
Finance .00 .30 .15 .21 .28 .15 .00 .30 .15 .00 .00 .00 .29 .27 .15
Market .00 .30 .15 .29 .27 .25 .35 .25 .25 .21 .28 .15 .00 .00 .00
Table A.3
Normalized matrices..
𝑋𝜇 Technology Legal Capacity Finance Market

Technology .0000 .2645 .1426 .1973 .1973
Legal .0642 .0000 .0899 .0000 .0642
Capacity .2234 .2476 .0000 .2645 .2645
Finance .0000 .0642 .0000 .0000 .0899
Market .0000 .0899 .1089 .0642 .0000

𝑋𝜂 Technology Legal Capacity Finance Market

Technology .0000 .1307 .2022 .1837 .1837
Legal .2459 .0000 .2314 .2613 .2459
Capacity .1583 .1438 .0000 .1307 .1307
Finance .2613 .2459 .2613 .0000 .2314
Market .2613 .2314 .2178 .2459 .0000

𝑋𝜈 Technology Legal Capacity Finance Market

Technology .0000 .2365 .1315 .2747 .2747
Legal .0789 .0000 .0000 .0788 .0789
Capacity .1953 .2529 .0788 .2365 .2365
Finance .0788 .0789 .1314 .0000 .0789
Market .0788 .1315 .0000 .0789 .0000
Thus, in the future studies, a new evaluation can be conducted for
developed countries.
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Table A.4
Total relationship matrix.

Technology Legal Capacity Finance Market

Technology −.1561 −.0854 −.0509 −.2336 −.2357
Legal −.2313 −.1852 −.1146 −.3083 −.2679
Capacity .0943 −.1038 −.2363 .0217 .0013
Finance −.3932 −.3448 −.5260 −.2205 −.3195
Market −.3137 −.2808 −.0722 −.2593 −.1783
Table A.5
Experts opinions for ranking.

Expert 1

Technology Legal Capacity Finance Market

Brazil 2 1 2 3 2
China 7 7 7 7 7
India 3 2 1 4 2
Indonesia 1 4 5 3 2
Mexico 4 1 2 3 2
Russia 6 6 7 5 6
Turkey 3 2 2 3 1

Expert 2

Technology Legal Capacity Finance Market

Brazil 3 2 2 1 2
China 7 6 7 6 7
India 3 3 1 2 1
Indonesia 1 3 2 3 1
Mexico 2 1 2 1 2
Russia 6 5 6 6 6
Turkey 2 1 2 1 1

Expert 3

Technology Legal Capacity Finance Market

Brazil 1 1 1 2 3
China 6 7 7 6 6
India 2 1 1 3 2
Indonesia 1 5 2 2 1
Mexico 2 1 3 1 2
Russia 6 5 7 6 6
Turkey 2 1 1 2 1
Table A.6
Z Matrix.

Technology Legal Capacity Finance Market

Brazil .22 .80 .10 .14 .87 .00 .17 .83 .10 .22 .80 .20 .24 .77 .10
China .67 .33 .20 .67 .33 .20 .70 .30 .20 .64 .36 .20 .67 .33 .20
India .27 .73 .20 .22 .80 .10 .10 .90 .00 .31 .70 .30 .17 .83 .10
Indonesia .10 .90 .00 .41 .59 .30 .34 .68 .40 .27 .73 .20 .14 .87 .10
Mexico .29 .73 .30 .10 .90 .00 .24 .77 .10 .19 .83 .20 .20 .80 .10
Russia .60 .40 .30 .54 .46 .30 .67 .33 .20 .57 .43 .40 .60 .40 .30
Turkey .24 .77 .20 .14 .87 .10 .17 .83 .10 .22 .80 .20 .10 .90 .00
Table A.7
B Matrix.

Alternatives Technology Legal Capacity Finance Market

Brazil .7451 .9109 −1.8672 −2.6720 −1.7913
China −.3758 −.3758 1.0000 1.0000 1.0000
India .6275 .7451 −2.2222 −2.0290 −2.2359
Indonesia 1.0000 .3429 −1.4261 −2.1424 −2.4572
Mexico .6709 1.0000 −1.4959 −2.9347 −2.0290
Russia −.1375 .0214 .8351 −.0895 .3659
Turkey .7107 .9234 −1.8672 −2.6720 −2.6610
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