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Abstract: This study aimed to evaluate the energy policies and investments in renewable energy
resources. In this context, developing energy policy and investing in energy were defined as two
different factors for renewable energy. Additionally, eight different criteria were also selected based
on these two different factors. In the first stage of the analysis, these criteria were evaluated by using
a correlation coefficient based on interval type-2 fuzzy sets. The findings show that five criteria
have a relationship with policy factors, whereas seven criteria are related to the investment factor.
After that, the fuzzy DEMATEL approach based on interval type-2 fuzzy sets were used to weight
these criteria. It was identified that policy returns, policy facilities, and policy technology were the
most important criteria. Additionally, a performance evaluation of renewable energy investment
alternatives was made with a fuzzy TOPSIS approach based on interval type-2 fuzzy sets. It was
concluded that wind and solar are the most significant renewable energy investment alternatives.
Therefore, it is recommended that there should be government supports for wind and solar energy
investments. Within this context, corporate tax discounts for these companies, customs duty decrease
for the items used in the investments, and providing qualified personnel in this area can attract the
attention of these investors.

Keywords: investment; policy; renewable energy; correlation coefficients; DEMATEL; TOPSIS;
interval type-2 fuzzy sets

1. Introduction

Renewable energy refers to the type of energy in which resources are not limited and can be
renewed continuously [1,2]. Because renewable energy has unlimited resources, it has attracted the
attention of investors. However, in this circumstance, investors should focus on many different factors
at the same time in order not to have a loss [3]. For example, geographical conditions, legislation, and
climate factors are very important items in this investment decision process. Investors should also
make an analysis of the profitability and market conditions. Additionally, technological improvement
should be provided for the countries to become successful in this process.

Therefore, the problem of the study is to evaluate the energy policies and investments with
multidimensional factors. Hence, an effective methodology should be taken into consideration that
includes both financial and nonfinancial issues. A balanced scorecard is an approach in the literature
that is used to make performance evaluations. This method has four different dimensions, which are
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finance, customer, internal factors, and learning and growth. It can be said that nonfinancial items are
also considered in addition to the financial factors [4].

In this study, it is aimed to examine the energy policies and investments in renewable energy
resources. In this context, firstly, two different factors are defined for renewable energy, which are
developing energy policy and investing in energy. In addition to this situation, eight different criteria are
also identified based on these two different dimensions by evaluating important studies in the literature.
These criteria are evaluated based on a balanced scorecard approach with the help of a correlation
coefficient. After that, a fuzzy DEMATEL approach is used to weight criteria. This methodology is
mainly used to understand the significance levels of different items [5,6]. In the final process of the
analysis, renewable energy investment alternatives are ranked by considering fuzzy TOPSIS. The main
purpose of this approach is to identify the most significant possibilities to make a decision under the
complex environment [7,8].

The findings of the study indicate that policy returns, policy facilities, and policy technology
are the most important criteria for a renewable energy investment decision. Additionally, it is also
concluded that wind is the most significant renewable energy investment alternative. This study has
some important novelties. First of all, the fuzzy DEMATEL, fuzzy TOPSIS, and correlation coefficient
methods are firstly used together in this study with the aim of evaluating renewable energy investment
policies. In addition to this condition, criteria are prepared for renewable energy investment alternatives
by considering significant studies in the literature. Hence, it is thought that this study has an important
contribution to the literature.

2. Literature Review

The subject of generating policies and investment decisions in renewable energy attracted the
attention of lots of researchers in the literature. They focused on this subject by considering many
different ways. According to some studies, geographical conditions are very important for selecting
renewable sources. For example, Castillo et al. [9] aimed to analyze the regional potential for solar power
generation in their study. For this purpose, 28 different European countries are taken into consideration.
They concluded that geographical factors play a very key role in this issue. Similarly, Leautier [10],
Frantal and Prousek [11], Kumar and Samuel [12], and Chatterjee and Kar [13] also analyzed the same
subject for different regions, such as Africa and the Czech Republic. They underlined the importance
of geographical factors for generating policies and making investments for renewable energy.

In addition to these studies, the profits and return period of energy investments was also identified
as a significant criterion for renewable energy investment decisions. De Boeck et al. [14] tried to
identify the factors affecting renewable energy investment decisions. They focused on the European
market and reached the conclusion that profitability is an essential criterion for making investments
in renewable energy alternatives. Kim et al. [15], Alizamir et al. [16], and Reboredo et al. [17] also
concluded that profitable renewable energy investment alternatives mainly attracted the attention of
the investors. On the other side, Bruno et al. [18] explained the importance of the profitability for this
issue, but they also underlined the significance of risk management in this process at the same time.

Moreover, ease of investment from the start-up to commercialization is a very critical factor for
policy generation and making investment decisions for renewable energy according to some studies.
For instance, Komendantova and Stepanova [19] underlined the importance of this factor for making
renewable energy investments in Russia. Also, Jena et al. [20], Lv and Spigarelli [21], and Junlakarn et
al. [22] presented other studies that reached similar conclusions for different countries. Furthermore,
for some researchers, the legislation of the countries is an important factor for generating policies and
investment decisions regarding energy. As an example, Chang et al. [23] focused on the factors that
affect renewable energy investment decisions. In this framework, East Asia countries are evaluated
in this study. They identified that the restrictions of obligatory authority and legal regulations make
investors reluctant to make investments in renewable energy. Parallel to this study, Ozkale et al. [24],
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Young and Brans [25], Morea and Poggi [26], and Hua et al. [27] also defined that when countries have
hard legal restrictions, it has a negative influence on the investments in renewable energy.

Also, some researchers in the literature underlined the importance of climate factors for generating
policies and investments for renewable energy. Strantzali and Aravossis [28] tried to define the
indicators of renewable energy investment decisions. They reviewed many different papers on this
subject. As a result, it was identified that weather conditions have an important effect on renewable
energy investment decisions. Similarly, Chappin et al. [29] concluded that investors become unwilling
to make investments when there are fast changes in the climate of the countries. This situation was
also determined by Kober et al. [30] and Guerrero-Liquet et al. [31].

According to some studies, the experience of the company is one of the most significant factors
that affect renewable energy investment decisions. For example, Sener et al. [32] aimed to define the
indicators of renewable energy investments. For this purpose, 60 different studies were evaluated out of
1431 academic studies. They concluded that the investor’s experience plays a key role in this situation.
Guerrero-Liquet et al. [31] also reached the same conclusion for the Dominic Republic. Additionally,
de Arce et al. [33] and Radomes Jr and Arango [34] contributed other studies that determined that
number of similar projects completed by the same team is essential for the success of renewable
energy investments.

Another important factor that affects policy generation and investment decisions in renewable
energy is the technological background of the company. For instance, Aflaki and Netessine [35] aimed
to define the indicators of renewable energy investment decisions in their study. They determined
that the infrastructure of research and development for innovative projects is the main factor for a
company to become successful in renewable energy investment. Similar to this study, Salm et al. [36],
Polzin et al. [37], and Lam and Law [38] also underlined the importance of technological factors in
renewable energy investment. They mainly stated that companies should give significance to the
research and development investment to be successful for this investment.

Furthermore, in some studies, it is claimed that geographical conditions are very important for
renewable energy investment decisions. In this scope, Castillo et al. [9] focused on 28 European
Union countries and underlined the importance of the regional potential for solar power generation.
Similarly, Leautier [10] also identified the importance of the geographical conditions for African
countries. On the other side, Frantal and Prousek [11] made an analysis for Czech farmers and reached
a conclusion that geographic conditions play a very important role in biomass production. Also, Kumar
and Samuel [12], and Chatterjee and Kar [13] produced other studies that defined the importance of
this issue in selecting renewable sources.

On the other side, the significance of profitability and risk conditions was also identified by
some researchers. For instance, De Boeck et al. [14] focused on the European market and identified
that profitability should be the most important indicator in making a renewable energy investment
decision. Alizamir et al. [16] also underlined the significance of the cost management strategies for
this purpose. Moreover, Kim et al. [15] made an analysis for the hydropower projects in Indonesia
and concluded that effective risk management is a must in selecting renewable energy investment
alternatives. Reboredo et al. [17] and Bruno et al. [18] also claimed that volatility in the market should
be taken into consideration for this purpose.

Additionally, some researchers in the literature also focused on the role of market conditions
on renewable energy investment decisions. As an example, Ritzenhofen and Spinler [39] aimed to
understand the ways to stimulate renewable energy investments. They concluded that the balance of
supply and demand for competitive energy sources has an important influence on this issue. Moreover,
Salm and Wiistenhagen [40] and Uyar and Besikgi [41] also determined that companies should consider
market conditions to be successful in renewable energy investments.
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While considering these studies in the literature, it is understood that there is broad literature
on renewable energy investment. Most of these studies focused on the indicators of this decision.
Additionally, various methodologies were considered in these studies, such as regression, survey, and
causality analysis. Hence, it is concluded that there is a need for a new study that considers the issue
of renewable energy with a different methodology, like fuzzy logic and the correlation coefficient.
Hence, it is believed that considering this approach in this study for these purposes makes a significant
contribution to the literature.

3. Proposed Method

A hybrid model is proposed for the balanced scorecard-based evaluation of renewable energy
sources. In this framework, fuzzy logic is conserved, mainly due to the ability to deal with uncertainty.
For this purpose, the analysis is classified in three stages, and they consist of several steps for ranking
alternatives. In the first stage, the criteria are selected with the help of correlation coefficients. On the
other side, the second stage is related to the calculation of the weights of criteria with DEMATEL. This
method was firstly generated by the Geneva Research Centre of the Battelle Memorial Institute [42].
The main reason for selecting this approach is that it is possible to create an impact relation map of the
criteria. In other words, a causality analysis can be performed by using this approach. Furthermore,
in the third stage, renewable energy investment alternatives are ranked by using fuzzy TOPSIS
methodology. This approach has many advantages, such as simplicity and considering a high number
of alternatives. The proposed model is summarized in the following steps.

Stage 1: Select the criteria of each factor with correlation coefficients.

Step 1: Balanced scorecard-based linguistic evaluations are provided for each factor and criteria.

Step 2: The evaluations are converted into the trapezoidal fuzzy numbers.

Step 3: The matrices are defuzified by the ranking method for the trapezoidal interval type-2
fuzzy sets [43]. The method is given in Equations (1)—(4).

De f(icl-]-) = Ranliffij)mxn = M, (AY) + zvll(EiL):r MZ(ZZ.LD + MZ(ZD + M3(€U)+
Ma(AL) - }I(sl(AU):r S1(AF) + So(AY) + Sy(AL) + S3(AY) + S3(AL) + S4(AY)+ 1)
Sa(AL)) + Hy(AY) + Hy (AF) + Hy(AY) + Hp(AL),

A
My(Al) = (a o )/2 @)
where Mp(A] ) is the average of the elements a’ v ,and a/ i(p+1) 1<p<3,
~ q+1 g+
i(4) 2 T~ 2 k=g zk) ®G)

where S, (A] ) is the standard deviation of the elements a’ i " and 2/ 1<g<3,

i(g+1)’

I A RS WA @

Hy (Z{ ) is the membership value of the element a{ (r+1)
1<p<2,je{ULl}l1<i<n.
Step 4: The correlation of balanced scorecard-based factor A evaluation is

C(A,4) = Zf_l(lli I (xi))' B

in the trapezoidal membership function Z{ ,
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Step 5: The correlation between balanced scorecard-based factors A and criteria B is

n (1 i
ClAB) = Zi—l(l_i 22:1 hAG(J‘) (xi)hBG(j) (xi)) ’ ©)

Step 6: The correlation coefficient between factor A and criteria B is examined

p(A,B) = C(A B) _ ?:1(1%- Z‘?:l hAa(j) (xi)hBa(j) (xi)) ”
\C(A,A) \JC(B,B) ?:1(1%. £ 2 (xi)) ;?:1(117 £ 2., (xi))

Step 7: The values are greater than averaged values of the correlation coefficients and are selected
as the related criteria of energy policy and investments.

Stage 2: Compute the weights of criteria with DEMATEL.

Step 1: Linguistic evaluations are collected for the initial direct relation matrix.

Step 2: The evaluations are changed into the fuzzy numbers based on interval type-2 fuzzy sets.

Step 3: The fuzzy relation matrix is normalized with Equations (8)—(10).

[ X1 X2 0 e Xy ]
x21 x22 ... DY x2n
X = (8)
| Enl 35;12 znn ]
= Ly 7. L 7. Li 7. L
— Zjj Zaij bij 4oy Tdj ej “fij <& Thij
xl] p [ - , » , r ’ " ’ ](Zl])/ Z(ZZ] , ’ ’ r ’ ’ ’ ’ ’ 1(21])/ 2(21]) (9)
n n
r = max| maxi<i<y Z Zd;././maxlﬁiﬁfl Z Zd}j (10)
j=1 j=1

Step 4: Total influence matrix is constructed to define the impact and relation degrees by
Equations (11)—(15).

0 a1y - v dy ] [0 Wy - N P
Ay 0 - c dloy Woy 0 - v Wy
X;= : : e |, Xp= : : (11)
_a/nl a/712 0 | _hlnl h,n2 0
fz%im}?+§2+...+}?k (12)
’51 le 5”—
t21 t22 tzn
T= | o (13)

,tnl fpp oo tnn_
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By = (a3, 0 g, s (6), Ha(61)), (755,73 8731 (), HaF)) (14)
[a” ,]] = Xﬂ’ X (I - Xd)_l, ey [h” 1]] = Xfl X (1 - X}'l)_l (15)
Step 5: The matrix is defuzzified with Equations (16)—(19) [44,45].

(uu—lu)+(f3u><m1u;lu)+(0¢u><mzu—lu) T+ [(ML—ZL)+(ﬁLXmlL—lL)+(0¢LXm2L—ZL)]

Defr — ; - (16)
DefT:T:[tij]nxn' i,i=12,...,n (17)
D%l =r = [27:1 tij]nxlz (i) = (11, Tig oo Tu) (18)

Step 6: Total values of the rows and columns are determined for weighting the criteria.
Stage 3: Rank the alternatives of renewable energy sources with TOPSIS [46,47].

Step 1: Linguistic evaluations of each alternative are collected with respect to the criteria
Step 2: The interval type-2 fuzzy numbers are provided for each evaluation.

Step 3: The averaged values of the fuzzy decision matrix are defuzzified.

Step 4: The weighted values of the matrix are computed

Step 5: The values of D+ and D— are calculated as

D" = \/Z;ﬂ_l(vi—/\ﬁ)z, (20)
D;” = \/Z;n_l(vi—Ai_)z- (21)

Step 6: The values of the closeness coefficient CC; are determined to rank the alternatives with
Equation (22)

CcC Di (22
' D +D;’ :
Step 7: Sensitivity analysis is applied for the robustness check of the proposed model. For that, the
weights of recognitive factors are changed consecutively with twelve cases for checking the coherency
of provided results.

4. An Analysis for Renewable Energy Policies and Investments

The integrated model is proposed for evaluating the alternative energy sources for the policies
and investments. For this purpose, the set of criteria is defined for energy policies and investments.
Table 1 shows the eight criteria titled geography (criterion 1), returns (criterion 2), facilities (criterion 3),
legislation (criterion 4), climate (criterion 4), experience (criterion 6), technological background
(criterion 7), and market participants (criterion 8) based on the supported literature.

In the following step, three decision makers are appointed to provide their choices for each
criterion. These experts have a minimum of ten years of experience in the renewable energy industry,
and they are senior and top managers. Linguistic choices and their fuzzy numbers are defined, as seen
in Table 2.
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Table 1. Proposed factors for energy policies and investments.

Criteria Definition Supported Literature
. . Castillo et al. [9], Leautier [10],
Geography (C1) Geographical conditions to select Frantal and Prousek [11], Kumar and

the renewable sources

Samuel [12], Chatterjee and Kar [13]

Returns (C2)

Profits and return period of energy
investments

De Boeck et al. [14], Kim et al. [15],
Alizamir et al. [16],
Reboredo et al. [17], Bruno et al. [18]

Facilities (C3)

Ease of investment from the
start-up to commercialization

Rodriguez et al. [3], Komendantova
and Stepanova [19], Jena et al. [20],
Lv and Spigarelli [21],
Junlakarn et al. [22]

Restrictions of obligatory

Chang et al. [23], Ozkale et al. [24],

Legislation (C4) . Young and Brans [25],
authority and legal regulatory Morea and Poggi [26], Hua et al. [27]
Strantzali and Aravossis [28],
Climate (C5) Weather conditions effecting the Chappin et al. [29], Kim et al. [15],

renewable sources

Kober et al. [30],
Guerrero-Liquet et al. [31]

Experience (C6)

Number of similar projects
completed by the same team

Sener et al. [32],
Guerrero-Liquet et al. [31],
de Arce et al. [33],
Radomes Jr and Arango [34]

Technological background (C7)

Infrastructure of research and
development for the innovative
projects

Aflaki and Netessine [35],
Salm et al. [36], Polzin et al. [37],
Lam and Law [38]

Market participants (C8)

Balance of supply and demand for
competitive energy sources

Ritzenhofen and Spinler [39],
Salm and Wiistenhagen [40],
Uyar and Besikci [41],
Bruno et al. [18]

Table 2. Linguistic scales and interval type 2 fuzzy numbers for the evaluations.

Alternative Evaluations

Criterion Evaluations

Interval Type 2 Fuzzy Numbers

Very Poor (VP)
Poor (P)

Medium Poor (MP)

Fair (F)
Good (G)

Very Good (VG)
Best (B)

Very low (VL)
Low (L)

Medium Low (ML)
Medium (M)
Medium high (MH)

High (H)
Very high (VH)

[(0,0,0,0.1;1,1), (0,0,0,0.05;0.9,0.9)]
[(0,0.1,0.1,0.3;1,1),
(0.05,0.1,0.1,0.2;0.9,0.9)]
[(0.1,0.3,0.3,0.5;1,1),
(0.2,0.3,0.3,0.4;0.9,0.9)]
[(0.3,0.5,0.5,0.7;1,1),
(0.4,0.5,0.5,0.6;0.9,0.9)]
[(0.5,0.7,0.7,0.9;1,1),
(0.6,0.7,0.7,0.8;0.9,0.9)]
[(0.7,0.9,0.9,1;1,1),
(0.8,0.9,0.9,0.95;0.9,0.9)]
[(0.9,1,1,1;1,1), (0.95,1,1,1;0.9,0.9)]

Source: Adapted from [46] and [47].

Recognition of the energy policies and investment factors with correlation coefficients based on
interval type-2 fuzzy sets

First, linguistic scores of each dimension and criterion are collected under the effect of the balanced
scorecard factors. Table 3 represents the balanced scorecard-based linguistic evaluations of policy and
investment factors.
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Table 3. Balanced scorecard-based linguistic decision matrix for the policy and investment factors.

. Finance Customer Internal Process Learning and Growth
Evaluations
DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3
Policy MH M ML M ML ML M ML ML M M M
Investment VH H VH H VH VH H MH MH H H MH

To compute the correlation coefficients between the dimensions and criteria based on the balanced
scorecard factors, the evaluations of the criteria are presented with respect to the perspectives of the
balanced scorecard, and the results are illustrated in Table 4.

Table 4. Balanced scorecard-based linguistic decision matrix for the criteria.

. Finance Customer Internal Process Learning and Growth
Evaluations
DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3
Geography (C1) M MH MH H H VH M M MH M M M
Returns (C2) VH H VH H M MH M MH MH M MH MH
Facilities (C3) H MH H VH VH H H MH MH VH H MH
Legislation (C4) M M M M MH M M MH MH M MH MH
Climate (C5) M ML M MH MH MH MH M M M ML M
Experience (C6) MH H MH MH VH H H VH VH VH VH H
Technology (C7) H MH MH MH H H MH H MH V. H MH
Market potential (C8) H H VH VH VH H M M ML H MH H

Linguistic evaluations of each dimension and criteria are converted into the interval type-2 fuzzy
numbers. And then, the fuzzy numbers are defuzzified by Equations (17)—(20). Table 5 presents the
defuzzified values of the balanced scorecard-based decision matrix.

Table 5. Defuzzified values of the balanced scorecard-based decision matrix.

Factors/Criteria C1 C2 C3 C4 C5 Cé6 C7 C8

Policy 190.2 203.0 2209 179.8 171.4 2259 213.5 211.8
Investment 2744 290.4 316.3 256.4 246.5 3222 304.8 303.8

The values of correlation coefficients are calculated by Equations (21)—(23). Table 6 shows the
results, and the mean value of the correlation coefficients is defined as a threshold value (0.995); the
scores higher than the threshold means that they are defined by the related factor.

Table 6. The values of correlation coefficients (mean value: 0.995).

Factors/Criteria C1 C2 C3 C4 C5 Ceé C7 (@]

Policy 0.985 0.996 0.996 0.996 0.988 0.995 0.998 0.991
Investment 0.995 0.997 0.999 0.995 0.995 0.994 0.998 0.995

Table 7 defines the determinants for the energy policies and investments. According to the
results, the policy factor includes the returns (criterion 2), facilities (criterion 3), legislation (criterion 4),
experience (criterion 6), and technology (criterion 7). The investment factor has geography (criterion 1),
returns (criterion 2), facilities (criterion 3), legislation (criterion 4), climate (criterion 5), technology
(criterion 7), and market potential (criterion 8).
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Table 7. Recognitive determinants for the energy policies and investments.

Factors Selected Criteria

Returns (C2)

Facilities (C3)
Policy Legislation (C4)
Experience (C6)
Technology (C7)

Geography (C1)
Returns (C2)
Facilities (C3)
Investments Legislation (C4)
Climate (C5)
Technology (C7)
Market potential (C8))

Determining the importance of the criteria with DEMATEL based on interval type-2 fuzzy sets

The second stage of the proposed model is to weight the selected criteria for each factor.
Accordingly, relation matrices for policy and investment factors are constructed to measure the interval
type-2 fuzzy sets-based analysis with DEMATEL. For that, linguistic evaluations for the criteria are
obtained, and the scores are shown in Tables 8 and 9, respectively.

Table 8. Linguistic evaluations for the policy factors.

Evaluations Returns (C2) Facilities (C3) Legislation (C4) Experience (C6) Technology (C7)
bm1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3
Returns (C2) - - - H MH MH MH MH MH MH H M VH H H
Facilities (C3) VH H VH - - - M M ML MH MH H MH H H
Legislation (C4) MH ML M M M M - - - M ML M ML ML ML
Experience (C6) MH MH M M MH H ML M ML - - - MH ML M
Technology (C7) H H H H VH H M ML ML MH MH M - - -

Table 10 determines the local and global weights of criteria for each factor by using
Equations (24)—(35). In the policy factor, returns (criterion 2) is the most important criterion as
legislation (criterion 4) has the weakest importance among the criterion set. In the investment factor,
technology (criterion 7) is the most important, relatively, whereas legislation (criterion 4) has the last
degree among the criteria of investment.

These results are also illustrated in detail in Figure 1.

The final stage of the analysis is to rank the alternative energy sources with IT2 fuzzy TOPSIS.
Initially, a linguistic decision matrix is constructed, as seen in Table 11.

The linguistic matrix is reconstructed as a fuzzy decision matrix based on interval type-2 fuzzy
numbers, and, then, the average scores obtained from the decision makers are defuzzified with
Equations (17)—(20). The results are represented in Table 12.

The following step continues with the weighted decision matrix. For that, the weight results from
IT2 fuzzy DEMATEL are used for the weighted matrix. The results are given on Table 13.

The values of D+ and D- are calculated to find out the closeness coefficient scores for each
alternative with Equations (36)—(38). The results are shown in Table 14.
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Table 9. Linguistic evaluations for the investment factors.

Evaluations Geography (C1) Returns (C2) Facilities (C3) Legislation (C4) Climate (C5) Technology (C7) Market potential (C8))

bDM1 DM2 DM3 DM1 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM1 DM2 DM3 DM1 DM2 DM3 DMl DM2 DM3
Geography (C1) - - - MH MH MH H MH MH H MH MH MH MH H L ML ML ML M M

Returns (C2) ML M L - ML ML ML ML ML ML ML ML ML ML ML MH H VH H MH MH
Facilities (C3) L ML ML M ML ML ML ML M ML ML ML ML M H VH H VH H H
Legislation (C4) H MH MH M ML ML L ML ML L ML ML ML ML L M ML M ML M M
Climate (C5) H MH H ML - - - - - - - - - - - M ML M ML ML M
Technology (C7) ML L ML VH MH MH M MH MH M MH MH MH MH M - - - VH VH H
Market potential (C8)) ML M M VH M ML ML

M ML ML M ML M ML ML H H MH
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Table 10. Weights of policy and investment factors.

Factors Criteria Local Weights Global Weights
Returns (C2) 0.227 0.113
Facilities (C3) 0.222 0.111
Policy Legislation (C4) 0.152 0.076
Experience (C6) 0.190 0.095
Technology (C7) 0.210 0.105
Geography (C1) 0.126 0.063
Returns (C2) 0.145 0.072
Facilities (C3) 0.156 0.078
Investment Legislation (C4) 0.118 0.059
Climate (C5) 0.123 0.061
Technology (C7) 0.168 0.084
Market potential (C8) 0.164 0.082
0.25
0.2
0.15
0.1
B Local Weights
0.05
m Global Weights
0 -
DD MDD AP WD DB
&@6@ &L S %@e@ L& ©
& O & & O :
& TS T S
N 5
< \)qf?o Q;q.Q & Cye’o < \)@"o <& \&Q
@fé
Figure 1. Local and global weights of factors.
Table 11. Linguistic decision matrix.
. Biomass (A1) Hydropower (A2) Geothermal (A3) Wind (A4) Solar (A5)
Evaluations
DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3
Investment-based
Geography (C1) G F F B VG G G VG B B VG VG G VG G
Returns (C2) B VG VG VG VG VG VG G G VG VG B VG VG B
Facilities (C3) G F G G F F G F G G VG G G G VG
Legislation (C4) G G G VG G G VG G G G G G G F G
Climate (C5) F G FpP G G VG G G G VG B G VGV G G
Technology (C7) VG G VG G VG G G G VG B VG VG B VG VG
Market potential (C8) VG G G G F G F F G VG G VG B VG VG
Policy-based
Returns (C2) VG G G VG VG VG G VG VG VG VG VG B VG VG
Facilities (C3) VG VG VG VG B VG VG G VG VG G VG VG VG VG
Legislation (C4) G VG VG VG VG B B VG VG VG B VG VG B B
Experience (C6) B B VG B VG B B B B VG B B VG VG G
Technology (C7) B VG VG B VG B B B B VG G B VG B VG
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Table 12. Defuzzified decision matrix.

12 of 17

Alternatives/Criteria  Biomass (A1) Hydropower (A2)  Geothermal (A3) Wind (A4) Solar (A5)
Investment-based
Geography (C1) 7.07 8.86 8.86 9.25 8.26
Returns (C2) 9.25 9.03 8.26 9.25 9.25
Facilities (C3) 7.47 7.07 7.47 8.26 8.26
Legislation (C4) 7.87 8.26 8.26 7.87 7.47
Climate (C5) 6.67 8.26 7.87 8.86 6.51
Technology (C7) 8.64 8.26 8.26 9.25 9.25
Market potential (C8) 8.26 7.47 7.07 8.64 9.25
Policy-based
Returns (C2) 8.26 9.03 8.64 9.03 9.25
Facilities (C3) 9.03 9.25 8.64 8.64 9.03
Legislation (C4) 8.64 9.25 9.25 9.25 9.47
Experience (C6) 9.47 9.47 9.69 9.47 8.64
Technology (C7) 9.25 9.47 9.69 8.86 9.25
Table 13. Weighted decision matrix.
Alternatives/Criteria  Biomass (A1) Hydropower (A2)  Geothermal (A3)  Wind (A4) Solar (A5)
Investment-based
Geography (C1) 0.45 0.56 0.56 0.58 0.52
Returns (C2) 0.67 0.65 0.60 0.67 0.67
Facilities (C3) 0.58 0.55 0.58 0.64 0.64
Legislation (C4) 0.47 0.49 0.49 0.47 0.44
Climate (C5) 0.41 0.51 0.48 0.55 0.40
Technology (C7) 0.73 0.70 0.70 0.78 0.78
Market potential (C8) 0.68 0.61 0.58 0.71 0.76
Policy-based

Returns (C2) 0.94 1.02 0.98 1.02 1.05
Facilities (C3) 1.00 1.03 0.96 0.96 1.00
Legislation (C4) 0.66 0.70 0.70 0.70 0.72
Experience (C6) 0.90 0.90 0.92 0.90 0.82
Technology (C7) 0.97 0.99 1.02 0.93 0.97

Table 14. Performance results of renewable energy investment alternatives.

Results D+ D- Ranking

Biomass (A1) 0.265 0.164 0.382 5

Hydropower (A2) 0.202 0.235 0.537 3

Geothermal (A3) 0.248 0.210 0.459 4

Wind (A4) 0.128 0.305 0.705 1

Solar (A5) 0.199 0.279 0.584 2

The performance results of renewable energy investment alternatives are ranked as wind
(alternative 4), solar (alternative 5), hydropower (alternative 2), geothermal (alternative 3), and
biomass (alternative 1), respectively. The results demonstrate that wind is the best alternative among

the renewable sources, while biomass has the worst rank in the alternative set. This situation is also

depicted in Figure 2 accordingly. In this figure, the results of closeness coefficients for each alternative
are illustrated to rank the alternatives.
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Figure 2. Performance results of renewable energy alternatives.

At the final stage, a sensitivity analysis is applied for checking the results of the proposed model,
as shown in step 7 of the proposed method. The sensitivity analysis is mainly made to correct the
effectiveness of the model. The analysis aims to confirm the results of the integrated model by the
cases. For this purpose, the sensitivity analysis is used to determine whether there is an effect on the
ranking as a result of changing the weight of each criterion. In this study, 12 cases are illustrated by
changing the weights of criteria consecutively, and the results are compared to understand how they
are coherent by the cases. Table 15 represents the ranking results for 12 cases, respectively.

Table 15. Sensitivity analysis for ranking results.

Cases/Alternatives Al A2 A3 A4 A5
Case 1 5 3 4 1 2
Case 2 5 3 4 1 2
Case 3 5 2 3 1 4
Case 4 5 2 4 1 3
Case 5 5 2 4 1 3
Case 6 5 2 3 1 4
Case 7 5 2 4 1 3
Case 8 5 3 4 1 2
Case 9 5 2 4 1 3

Case 10 5 2 4 1 3
Case 11 5 3 4 1 2
Case 12 5 3 4 1 2

Table 15 shows that wind (alternative 4) is ranked in the first order while biomass (alternative 1)
has the last rank for 12 cases. Additionally, the overall results are almost the same for all cases. So, the
results of the sensitivity analysis demonstrate that ranking the results of renewable energy investment
alternatives with the proposed model are coherent for each case. When the results obtained are
compared, the overall ranking results consistently remain in the same order even if the weight results
change in order. As a result, it is concluded that the model we proposed is consistent with the analysis
model for weight and the method used for ranking.

5. Discussion

The investment and policy-based multidimensional analysis is one of important debate for
renewable investment projects. Especially, the selection of best identifying factors is also a prominent
factor for finding valuable projects. So, the balanced scorecard approach that defines finance, customer,
organization, and external factors was used for constructing the policy and investment-based factors
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in a multidimensional manner, and the correlation coefficient technique was applied to categorize the
proposed factors of project evaluation properly. So, the policy recommendations for the renewable
energy projects could be provided based on the literature review and analysis results.

This study tried to evaluate the energy policies and investments in renewable energy resources.
Within this framework, developing energy policy and investing in energy are defined as two different
factors for renewable energy. Moreover, eight different criteria were also selected by doing a detailed
literature review. In this study, an extension of fuzzy sets, titled the interval type-2 fuzzy set, was used
for providing more comprehensive and coherent results under complex real-world problems. With the
help of a correlation coefficient based on interval type-2 fuzzy sets, these criteria were evaluated. It is
concluded that five criteria have a relationship with policy factors, while seven criteria are related to
the investment factor. Another important point is that the criteria of returns, facilities, legislation, and
technology are classified in both policy and investment factors.

The fuzzy DEMATEL approach based on interval type-2 fuzzy sets were used to weight these
criteria. And also, the performance evaluation of renewable energy investment alternatives was made
with the TOPSIS approach based on interval type-2 fuzzy sets. According to the results, it is determined
that policy returns, policy facilities, and policy technology are the most important criteria. In addition
to this situation, ranking results of renewable energy investment alternatives demonstrate that wind is
the most significant renewable energy investment alternative.

6. Conclusions

While considering the results, it is understood that the profits and return period of energy
investments play a key role in policy generation for renewable energy. In addition, the ease of
investment from the start-up to commercialization and research and development infrastructure for
the innovative projects are also essential issues for this purpose. Another important recommendation
is that there should be government supports for wind energy to attract the attention of the investors.
For example, the design and production of wind turbines are multi-stage and complex. In this
circumstance, governments should provide expert analysis to assist in the design of these complex
turbines. Also, the production of large-scale generators and power electronic equipment is essential
for producing large-scale wind turbines. For this situation, a loan could be given to the investors to
obtain these generators and equipment.

Additionally, significant locations should be defined, which are appropriate for wind energy.
For this purpose, a detailed analysis should be performed by employing significant experts in this area.
Another important issue for this condition is that these supports should be provided for both onshore
and offshore wind power plants. Onshore wind power plants have lower costs so that it is much
easier to attract the attention of investors. However, it can be possible to generate more energy by
making investments in offshore wind power plants. Thus, because of the high operation cost problem,
governments should provide loans and tax incentives to the offshore wind powerplant investors.

The findings also show that solar energy is ranked second among all renewable energy investment
alternatives. In this context, firstly, governments could provide some financial support to the investors
in the solar energy investment process. For example, the value-added tax exemption and customs tax
exemption will provide a significant financial contribution to the mentioned investors in this process.
In addition to the aforementioned issues, the government’s guarantee of purchasing energy from solar
energy could be an important incentive as well. There are many factors that investors should pay
attention to in order to build a solar power plant. For example, the design of the steel construction
infrastructure of solar panels and the design and distance of the power transmission line are very
important. As can be seen, the investment process for solar panels is very complex. This may lead to a
decrease in the investor’s interest in this area. Therefore, the government should train prospective
investors to make this complex process more understandable. On the other hand, governments should
also support these projects by providing qualified personnel in this area. These supports should be
provided for both solar power stations and water heating systems. Solar power stations play a very
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significant role in electricity generations. However, there are different types of solar power stations.
Hence, governments should lead the potential investors to select the most appropriate solar power
station for them. Furthermore, heating water with solar energy has an important influence on cost
cutting. Thus, these supports should be developed for these purposes.

A limitation of the study is in understanding the best renewable energy alternative sources with
the criteria of energy investment and policies in a global context. Thus, the results of this study could be
generalized for the best energy location selection for the policy makers and foreign investors. Another
important limitation of this study is that the public support and social and environmental aspects have
not been considered as criteria. Because social, cultural, and environmental factors may be effective
on the decisions of the policy makers, these issues can be considered in a new study. Additionally,
the method could be widened by using different approaches to multicriteria decision making models,
such as MOORA and ANP. Furthermore, a cross country analysis can be performed related to this
topic in future studies.
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