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A hybrid heterogeneous Pythagorean fuzzy 
group decision modelling for crowdfunding 
development process pathways 
of fintech‑based clean energy investment 
projects
Yue Meng1, Haoyue Wu2, Wenjing Zhao1, Wenkuan Chen2*, Hasan Dinçer3 and Serhat Yüksel3*  

Abstract 

This study aims to evaluate the crowdfunding alternatives regarding new service devel-
opment process pathways of clean energy investment projects. In this framework, a 
new model has been generated by considering the consensus-based group decision-
making with incomplete preferences, Pythagorean fuzzy decision-making trial and 
evaluation laboratory (DEMATEL) and technique for order preference by similarity to 
ideal solution (TOPSIS). Moreover, a comparative evaluation has been performed with 
Vise Kriterijumska Optimizacija I. Kompromisno Resenje methodology and sensitivity 
analysis has been made by considering 4 different cases. The main contribution is to 
identify appropriate crowdfunding-based funding alternatives for the improvement of 
the clean energy investments with a novel MCDM model. By considering the itera-
tion technique and consensus-based analysis, the missing parts in the evaluations 
can be completed and opposite opinion problems can be reduced. Furthermore, with 
the help of hybrid MCDM model by combining DEMATEL and TOPSIS, more objec-
tive results can be reached. It is concluded that the analysis results are coherent and 
reliable. The findings indicate that the full launch is the most significant criterion for 
equity and debt-based crowdfunding alternatives. On the other side, the analysis has 
the highest weight for reward and donation-based alternatives whereas design is 
the most essential item regarding the royalty-based alternative. Additionally, it is also 
defined that equity-based crowdfunding alternative is the most significant for the 
service development process of clean energy investment projects. In this way, it will be 
possible to provide a continuous resource for clean energy investment projects. On the 
other hand, by providing financing with equity, there will be no fixed financing cost for 
clean energy investors. If these investors make a profit, they distribute dividends with 
the decision of their authorized bodies.

Keywords: Crowdfunding, Project financing, Clean energy investments, New service 
development, PERT, Group decision making, Pythagorean fuzzy sets, DEMATEL, TOPSIS, 
VIKOR
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Introduction
Environmental pollution threatens all living things; increasing environmental pollution 
is a significant problem worldwide. If pollution is not controlled, bigger problems are 
probable for the future. Thus, many countries are working towards reducing the envi-
ronmental pollution problem (Bashir et al. 2020). Energy consumption is a major issue 
causing the most environmental pollution because the use of fossil fuels releases dan-
gerous amounts of carbon gases into the atmosphere. Thus, while some countries are 
closing down thermal power plants, others are using fossil fuels with carbon capture 
technologies (Albino et al. 2014).

Due to these considerations, the requirement for clean energy has increased signifi-
cantly. Clean energy does not cause environmental pollution while generating electricity 
(Lowitzsch et al. 2020). These types of natural resources of energy include solar, wind, 
and geothermal, and the benefits of clean energy projects are numerous. First, as it does 
not cause environmental pollution, the number of individuals suffering from illness due 
to pollution is decreasing. Furthermore, healthy individuals mean a reduction in the loss 
of the labor force and an increase in the quality of life (Mangla et al. 2020). Addition-
ally, countries can produce energy for themselves due to clean energy projects, which 
may result in a decrease in the amount of imports countries pay for energy supply and a 
reduction in the current account deficit problem.

Hence, clean energy investments are vital for economic development. Therefore, these 
projects should be increased with effective energy policies. There are some negative 
aspects about clean energy investments, such as having high initial costs (Shankar et al. 
2020) and being long-term projects, which decrease the motivation of some investors. 
Therefore, to encourage clean energy projects and gain effective funds, these issues must 
first be resolved (Carter et al. 2020).

Crowdfunding has increased in popularity in recent years. In this system, small funds 
are obtained from many individuals (Langley et  al. 2020). A major advantage is that 
many investors can be reached quickly, and there are different crowdfunding applica-
tions (Roma et  al. 2017). An equity-based crowdfunding system explains that private 
company securities are sold to a group. Debt-based crowdfunding means that investors 
purchase the debt securities of the business (Block et  al. 2020). Reward-based crowd-
funding is where individuals donate to a project in anticipation of receiving a non-finan-
cial reward, such as a good or service, at a later stage (Vrontis et al. 2020). Royalty-based 
crowdfunding presents a percentage of the income from the project. In donation-based 
crowdfunding, many participants donate small amounts through the system.

This study aims to determine the appropriate crowdfunding alternatives with respect 
to new service development process pathways of clean energy investment projects using 
a four-stage novel model. First, the missing values of the relation matrixes are completed 
by considering the iteration technique. Second, the consensus-based fuzzy preferences 
for the criteria of the crowdfunding alternatives are defined. Third, the service develop-
ment process of clean energy investment projects by the crowdfunding alternatives is 
evaluated with the Pythagorean fuzzy decision-making trial and evaluation laboratory 
(DEMATEL) approach. Fourth, the service development paths of clean energy invest-
ment projects by the crowdfunding alternatives are ranked. To reach this objective, 
the Pythagorean fuzzy technique for order preference by similarity to ideal solution 
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(TOPSIS) methodology is considered. In addition, a comparative evaluation is per-
formed with Vise Kriterijumska Optimizacija I. Kompromisno Resenje (VIKOR) meth-
odology, and sensitivity analysis is made by considering four cases.

The main contribution of this study is to present appropriate crowdfunding-based 
funding alternatives for the improvement of the clean energy investments with a novel 
multi-criteria decision-making (MCDM) model by considering the group decision-
making with consensus and Pythagorean fuzzy set. The proposed model includes novel-
ties. With the help of the iteration technique, the missing parts in the evaluations can 
be completed. A problem in the decision-making analysis is that experts may not have 
opinions about some criteria (Zhang et  al. 2016a, b) which negatively influences pro-
cess effectiveness (Liu et al. 2019). Therefore, the iteration technique contributes to solv-
ing this problem (Chen et  al. 2014). Additionally, experts may have different opinions 
about some criteria (Wu and Chiclana 2014), which reduces the effectiveness of the 
decision-making process (Dong et al. 2018). In this study, consensus-based group deci-
sion-making methodology is considered to minimize this problem through the feedback 
mechanism (Labella et al. 2018; Lin et al. 2020; Li et al. 2021).

Additionally, this proposed model uses a hybrid methodology, in which different 
MCDM techniques are considered for both calculating the weights and ranking the alter-
natives (Wang et al. 2020), thereby producing more objective results (Zhou et al. 2020; 
Qiu et al. 2020). Furthermore, this proposed model considers the DEMATEL approach 
to weigh the factors. The main advantage of this methodology over similar ones is that 
an impact-relation map can be constructed (Yuan et al. 2020), and the causality analysis 
between the items can be performed (Delen et al. 2020; Xie et al. 2020). As the TOPSIS 
methodology considers the distances to both negative and positive ideal solutions (Rani 
et al. 2020), better results can be reached (Dhiman and Deb 2020; Ziemba et al. 2020). 
Finally, the analysis is performed by considering the Pythagorean fuzzy sets. These sets 
include membership, non-membership, and hesitancy parameters (Fei and Deng 2020), 
which provide more reliable evaluations (Akram et al. 2020a, b; Ma et al. 2020).

The remainder of the paper is as follows. Section 2 provides the literature review by 
focusing on service development for clean energy investments and crowdfunding alter-
natives. Section  3 includes describes the consensus-based group decision-making, 
Pythagorean fuzzy sets, DEMATEL, TOPSIS, and VIKOR approaches. Additionally, the 
details of the proposed model are provided. Section 4 presents the results and analysis. 
Section 5 offers the discussion and conclusion.

Literature review
This section reviews research regarding new service development for clean energy 
investments and crowdfunding alternatives. The final part discusses the results of the 
literature review.

New service development for clean energy investments

Many researchers have stated that the development of new products and services for 
clean energy investments must closely consider financial issues. As clean energy suf-
fers from high costs and as they are long-term projects, uncertainties are high for inves-
tors (Cloke et  al. 2017). Therefore, while developing new products for clean energy 
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investments, a detailed financial analysis is required (Mirzania et al. 2019). Otherwise, 
failure to make an effective cost–benefit analysis may damage the project (Lam and Law 
2018). Wang et  al. (2019) tried to identify the optimal clean energy investment alter-
natives and, through a comprehensive literature evaluation, identified six criteria that 
consider both financial and non-financial issues. They highlighted that, while generating 
new products for clean energy projects, financial aspects should be the main considera-
tion. Moreover, they found that energy from solar and wind is the most profitable clean 
energy investment alternatives. Yüksel et al. (2019) focused on the key points in inter-
national energy trade through considered six criteria. Similarly, they determined that 
cost-effectiveness should the main consideration for the effectiveness of new products 
for clean energy investments.

The company’s technological competence is a factor affecting new product develop-
ment performance for clean energy projects. Clean energy investment projects are 
comprehensive processes that require consideration of multiple factors simultaneously 
to develop new products (Ratner and Nizhegorodtsev 2017). Companies without tech-
nological competence have difficulties developing effective products that serve multiple 
aspects (Hicks and Ison 2018), which negatively affects these projects (Terrapon-Pfaff 
et al. 2014). Lacerda and Bergh (2020) evaluated the effectiveness of renewable energy 
investments through a survey analysis conducted with 508 valid responses. They under-
lined the significance of technological innovation for the success of the new services in 
renewable energy investments. Dinçer et al. (2019) analyzed the performance results of 
the European policies in energy investment by conducting an evaluation that considered 
quality function deployment methodology. They determined that clean energy compa-
nies should have sufficient technical requirements for the success of the new product 
generation process.

Organizational effectiveness is a key factor for the performance improvement of new 
services or clean energy projects (Martinez and Komendantova 2020). Hence, com-
munications between the departments should be high-quality (Maqbool 2018), and 
companies should employ qualified individuals to design clean energy products more 
effectively (Shi et al. 2016). Cheng et al. (2020) evaluated new service development pro-
jects for clean energy investments by examining PERT-based critical paths for these pro-
jects. As companies tend to focus on the idea generation process for success in these 
projects, organizational effectiveness is crucial. Cheng et  al. (2020) determined that 
investors should focus on the generation of new products for solar energy projects. Simi-
larly, Yang et al. (2016) focused on clean energy goals of China. They identified that the 
harmonious working environment between departments within the company is critical 
in increasing clean energy investments.

Moreover, researchers have emphasized that customer expectations are vitally impor-
tant in this process. As there is considerable competition in the clean energy market 
(Dimić et  al. 2018), success in this challenging environment means that clean energy 
investors must clearly understand customer expectations (Li et  al. 2020). Otherwise, 
there is a risk that new clean energy products introduced in the market will not be 
preferred by customers (Seetharaman et  al. 2016). This will endanger the sustainable 
performance of clean energy companies in the market. Domigall et  al. (2014) focused 
on the new service development process for clean energy generation, conducting a 
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choice-based conjoint analysis with 107 respondents. They identified that companies 
should satisfy customer needs for success and that new services should be generated 
based on customer expectations. Additionally, Cocca and Ganz (2015) defined the key 
requirements regarding the development of green services and underlined the impor-
tance of meeting customer requirements for the success of the clean energy investment 
projects.

Crowdfunding alternatives

Crowdfunding alternatives have gained popularity in recent years. Many research-
ers focused on the advantages of equity crowdfunding. Ahlers et al. (2015) stated that 
crowdfunding provides the opportunity to minimize the risks because companies do 
not have to pay investors when the company has a loss. Vismara (2016), Vulkan et  al. 
(2016), and Mochkabadi and Volkmann (2020) underlined the importance of this situa-
tion in their studies. Additionally, Lukkarinen et al. (2016), Walthoff-Borm et al. (2018), 
and Hornuf and Neuenkirch (2017) claimed that, with the help of equity crowdfund-
ing, it is easier to build a strong and sustainable relationship with customers. However, 
some researchers underlined the disadvantages of crowdfunding. Di Pietro et al. (2020) 
and Hornuf and Schwienbacher (2017) stated that equity crowdfunding may not be 
appropriate for all industries, especially when the cost of the projects can be more than 
expected.

Previous studies have examined the alternative of debt crowdfunding. Rossi and Vis-
mara (2018), Gutiérrez‐Urtiaga and Sáez‐Lacave (2018), and Hörisch (2019) identified 
that, owing to the debts crowdfunding, the companies can pay a fixed amount of money 
to the counterparty, which helps manage costs. Cash management can be easier, as com-
panies know about future payouts (Montgomery et al. 2018; Hörisch and Tenner 2020). 
Additionally, types of crowdfunding have been discussed, such as reward-based crowd-
funding (Frydrych et al. 2014; Kraus et al. 2016), royalty-based crowdfunding (Petruz-
zelli et al. 2019; Lu et al. 2018), and donation-based crowdfunding (Zhang et al. 2020; 
Salido-Andres et al. 2020). However, it is difficult to continuously fund companies in this 
way, which is the main disadvantage.

Literature review results

The literature review demonstrates that interest in clean energy investments has 
increased significantly, and competition in the sector increases in parallel. Therefore, 
clean energy investors should give serious importance to developing new products and 
services. One of the biggest disadvantages of these investments is that the initial cost is 
quite high. Hence, financing of these investments is of vital importance. This literature 
review examined different crowdfunding alternatives and compared and explained the 
positive and negative aspects of these methods. We noted that that there are a limited 
number of studies focusing on crowdfunding alternatives for clean energy investments. 
Furthermore, the existing models in the literature for this subject were analyzed. In a 
significant part of the studies, econometric models, such as regression and cointegra-
tion were considered (Hosseini et  al. 2019; Huang et  al. 2019; Han et  al. 2020; Jumin 
et al. 2021). However, the biggest weakness of these models is that only numerical val-
ues are considered in the evaluation process. Therefore, there is a need for research on 
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this subject that considers both numerical and nonnumerical indicators. Therefore, this 
study generates a new model by considering consensus-based group decision-making 
methodology, Pythagorean fuzzy sets, DEMATEL, and TOPSIS approaches. Hence, with 
the help of these approaches, both numerical and non-numerical factors are examined.

Methodology
This section explains the consensus-based group decision-making, Pythagorean fuzzy 
sets, DEMATEL, TOPSIS, and VIKOR approaches. In addition, the details of the pro-
posed model are presented.

Heterogeneous group decision making

In the decision-making process, experts give opinions about the factors, and different 
evaluations by these experts lead to the problem of effectiveness in the process. Con-
sensus-based group decision-making methodology aims to solve this problem (Wu and 
Chiclana 2014). The fuzzy preference relation (P) indicates the degrees of criteria by a 
membership function µp : X × X → [0, 1] . Equation (1) presents these details.

Conversely, Eq.  (2) demonstrates the corresponding fuzzy preferences (CP), which 
show the consistency levels of the criteria (Dong et al. 2018).

The consistency level (CL) can be calculated for each pair of criteria as in Eqs. (3) and 
(4).

The global consistency level (GCL) is computed by Eq. (5).

In the next step, the similarity matrices (SM) are defined with the help of Eqs. (6) and 
(7).

(1)P = (Pik) and Pik = µp(xi, xk)(∀i, k ∈ {1, . . . , n})

(2)CPik =

∑n
j=1;i �=k �=j (CPik)

j1 + · · · + (CPik)
j(n−1)

(n− 1) ∗ (n− 2)

(3)CLik = 1−

(

2 ∗ |CPik − Pik |

(n− 1)

)

(4)CLi =

∑n
k=1;i �=k (CLik + CLki)

2(n− 1)
.

(5)GCL =

∑n
i=1 CLi

n
.

(6)SMhl
ik = 1−

∣

∣

∣
Ph
ik − Pl

ik

∣

∣

∣

(7)SMik = φ

(

SMhl
ik

)
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where φ demonstrates the aggregation function, and eh and el give information about the 
pairs of experts, (h < l) , ∀h, l = 1, . . . ,m . Global consensus degrees (CR) can be identi-
fied as in Eq. (8) (Labella et al. 2018).

Moreover, Eq. (9) indicates the consensual degrees, where δ . is the control parameter of 
consistency and consensus degrees. This value is accepted as 0.75 in this study.

The collective fuzzy preference relations ( Pc
ik ) are employed by considering Eqs.  (10)–

(12), where σ represents a permutation of {1, . . . ,m} , Zσ(h)
ik ≥ Z

σ(h+1)
ik  , ∀h = 1, . . . ,m− 1 , 

and Zσ(h)
ik ,Pσ(i) presents two-tuple with 

〈

Z
σ(h)
ik

〉

 in 
{〈

Z1
ik

〉

, . . . ,
〈

Zm
ik

〉}

.

The proximity levels ( PPh
ik ) and the relation between criteria Prh are defined by Eqs. (13) 

and (14), respectively (Dong et al. 2018).

Next, the consensus control level (CCL) is calculated using Eq.  (15) and measures the 
consensus among the decision-makers.

The final consensus result is compared with a threshold value γ ∈ [0.1] , which is selected 
as 0.85, and the feedback mechanism is applied to obtain the revised values. This process is 
repeated until the value of CCL is higher than the threshold. The values of EXPCH, ALT, 
and APS are considered as in Eqs. (16), (17), and (18), respectively (Wu and Chiclana 2014).

(8)CR =

∑n
i=1

∑n
k=1;k �=i (SMik+SMki)

2(n−1)

n

(9)Zh
ik = (1− δ) ∗ CLhik + δ ∗

(

∑n
l=h+1 SM

hl
ik +

∑h−1
l=1 SMlh

ik

n− 1

)

(10)Pc
ik = �w

(

Z1
ik ,P

1
ik , . . . ,Z

m
ik ,P

m
ik

)

=

m
∑

h=1

wh ∗ P
σ(h)
ik

(11)wh = Q(h/n)− Q(h− 1)/n)

(12)(r) =







0 if r < a
r−a
b−a

if a ≤ r ≤ b

1 if r > a

(13)PPh
ik = 1−

∣

∣

∣
Ph
ik − Pc

ik

∣

∣

∣

(14)Prh =

∑n
i=1

∑n
k=1;k �=i(PP

h
ik+PPh

ki)

2(n−1)

n

(15)CCL = (1− δ) ∗ GCL+ δ ∗ CR

(16)EXPCH =
{

h
∣

∣

∣
(1− δ) ∗ CLh + δ ∗ Prh < γ

}
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S =
{

S0, S1, . . . , Sg−1, Sg
}

 explains the linguistic term set, and g represents the number of 
the linguistic preferences. When the decision-making process lacks evaluation, it is called 
heterogeneous decision-making (Zhang et al. 2016a, b), because the decision-makers may 
not have information about some criteria or some information will be missing (Liu et al. 
2019). Hence, incomplete preferences can be considered to complete these missing parts. 
The estimation of linguistic preference epik (i  = k) can be made using Eqs. (19)–(22) (Chen 
et al. 2014).

Pythagorean fuzzy sets

Pythagorean fuzzy sets (P) indicate a new class of non-standard fuzzy membership grades 
over a universal set ϑ . Equation (23) shows the details of this process (Ma et al. 2020).

where µP and nP : U → [0, 1] represent the membership and non-membership, respec-
tively, of the element ϑ ∈ U . Additionally, the condition in Eq.  (24) should be satisfied 
(Akram et al. 2020a, b).

Then, Eq. (25) indicates the details of the degree of indeterminacy.

Equations (26)–(30) explain the essential operations of Pythagorean fuzzy sets (Fei and 
Deng 2020).

(17)

ALT =

{

(h, i)

∣

∣

∣

∣

∣

eh ∈ EXPCH ∧ (1− δ) ∗ CLhi + δ ∗

∑n
k=1;k �=i(PP

h
ik + PPh

ki)

2(n− 1)
< γ

}

(18)APS =
{

(h, i, k)
∣

∣

∣
(h, i) ∈ ALT ∧ (1− δ) ∗ CLhik + δ ∗ PPh

ik < γ

}

(19)(epik)
j1 = �

(

�−1(pij)+�−1(pjk)−�−1(Sg/2)
)

(20)(epik)
j2 = �

(

�−1(pjk)−�−1(pji)+�−1(Sg/2)
)

(21)(epik)
j3 = �

(

�−1(pij)+�−1(pkj)−�−1(Sg/2)
)

(22)epik = �

(

1

3

(

�−1
(

ep1ik

)

+�−1
(

ep2ik

)

+�−1
(

ep3ik

))

)

(23)P = {�ϑ ,µP(ϑ), nP(ϑ)�/ϑU ∈}

(24)(µP(ϑ))
2 + (nP(ϑ))

2 ≤ 1

(25)πP(ϑ) =

√

1− (µP(ϑ))
2 − (nP(ϑ))

2

(26)
P1 =

{〈

ϑ ,P1(µP1(ϑ), nP1(ϑ))
〉

/ϑ ∈ U
}

and P2 =
{〈

ϑ ,P2(µP2(ϑ), nP2(ϑ))
〉

/ϑ ∈ U
}
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Figure  1 illustrates the details of the relationship between intuitionistic (IFS) and 
Pythagorean fuzzy sets (PFS) (Akram et al. 2020a, b).

The defuzzied values are computed with the help of the score function as described in 
Eq. (31).

DEMATEL

DEMATEL methodology aims to find the significant weights of factors, and an impact 
relation map can be created. This provides the opportunity to evaluate the causal rela-
tionship of the items. In the first step, the decision-makers make evaluations, which are 
converted into linguistic scales. Then, the direct relation matrix (A) is generated, as in 
Eq. (32), by considering the average values of these evaluations (Yuan et al. 2020).

Equations (32) and (33) are used to normalize this matrix.

(27)P1 ⊕ P2 = P

(

√

µ1
P1

+ µ2
P2

− µ1
P1
µ2
2, nP1nP1

)

(28)P1 ⊗ P2 = P

(

µP1µP2 ,
√

n2P1 + n2P2 − n2P1n
2
P2

)

(29)�P = P

(
√

1−
(

1− µ2
p

)�

,
(

np
)�

)

, � > 0

(30)P� = P

(

(

µp

)�
,

√

1−
(

1− n2p

)�

)

, � > 0

(31)S(ϑ) =
∣

∣

∣
(µP(ϑ))

2 − (nP(ϑ))
2
∣

∣

∣

(32)A =













0 a12 a13 · · · a1n
a21 0 a23 · · · a2n
a31 a32 0 · · · a3n
...

...
...

. . .
...

an1 an2 an3 · · · 0













.

Fig. 1 Membership and non-membership degrees of IFS and PFS
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The total relation matrix (C) is developed by using Eq. (35), where I represents the iden-
tity matrix (Delen et al. 2020).

Furthermore, the sums of rows and columns (D and E) are computed using Eqs. (35) and 
(36) (Xie et al. 2020).

The values of D + E are used to find the importance weights of the items. Additionally, 
the cause-and-effect relationship is computed with the values of D-E. For this purpose, a 
threshold value (α) is considered as in Eq. (38).

TOPSIS

TOPSIS is used to rank the alternatives according to performance. The maximized distance 
from the negative ideal solutions and the minimized distance from the positive ideal solu-
tions are considered. First, the values are normalized as in Eq. (39) (Ziemba et al. 2020).

Additionally, these values are weighted as in Eq. (40), where w represents the weighted 
factor.

Next, the positive ( A+ ) and negative ( A− ) ideal solutions are defined using Eqs. (41) and 
(42) (Dhiman and Deb 2020).

(33)B =
A

max1≤i≤n
∑n

j=1 aij

(34)0 ≤ bij ≤ 1

(35)C = B(I − B)−1

(36)D =





n
�

j=1

eij





nx1

(37)E =

[

n
∑

i=1

eij

]

1xn

(38)α =

∑n
i=1

∑n
j=1

[

eij
]

N

(39)rij =
Xij

√

∑m
i=1 X

2
ij

i = 1, 2, 3, . . .m and j = 1, 2, 3, . . .n

(40)vij = wij × rij where i = 1, 2, . . . , m and j = 1, 2, . . . , n

(41)A+ =
{

v1j , v2j , . . . , vmj

}

=
{

max v1j for ∀j ∈ n
}

(42)A− =
{

v1j , v2j , . . . , vmj

}

=
{

min v1j for ∀j ∈ n
}
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Then, the distances to the best ( D+
i  ) and the worst alternative ( D−

i  ) are calculated 
using Eqs. (43) and (44).

Finally, the relative closeness to the ideal solution  (RCi) is computed with Eq.  (45) 
(Rani et al. 2020).

VIKOR

VIKOR aims to rank various alternatives according to performance. First, Eq. (46) com-
putes fuzzy best and worst values ( f̃ ∗j , f̃

−
j ) (Salimi et al. 2020)

Then, Eqs. (47) and (48) are used to calculate the mean group utility ( ̃Si) and maximal 
regret ( ̃Ri) (Rathore et al. 2020).

where w represents the fuzzy weights. Next, the value of Q̃i is computed by Eq.  (49) 
(Akram et al. 2021a, b).

where v denotes the weight of the maximum group utility and 1 − v is the weight of the 
individual regret. Finally, the values of S, R, Q are identified. Two different conditions are 
evaluated to control the consistency of the results. The first condition is highlighted in 
Eq. (50) (Sharaf 2020).

(43)D+
i =

√

√

√

√

n
∑

j=1

(

vij − A+
j

)2

(44)D−
i =

√

√

√

√

n
∑

j=1

(

vij − A−
j

)2

(45)RCi =
D−
i

D+
i + D−

i

for i = 1, 2, . . .m and 0 ≤ RCi ≤ 1

(46)f̃ ∗J = max
i

x̃ij , and f̃ −j = min
i

x̃ij

(47)S̃i =

n
∑

i=1

w̃j

(∣

∣

∣
f̃
∗

j − x̃ij

∣

∣

∣

)

(∣

∣

∣
f̃
∗

j − f̃
−

j

∣

∣

∣

)

(48)R̃i = max
j



w̃j

��

�

�
f̃
∗

j − x̃ij

�

�

�

�

��

�

�
f̃
∗

j − f̃
−

j

�

�

�

�





(49)Q̃i = v
(

S̃i − S̃
∗

)

/

(

S̃
−
− S̃

∗

)

+ (1− v)
(

R̃i − R̃
∗

)

/

(

R̃
−
− R̃

∗

)

(50)Q
(

A(2)
)

−Q
(

A(1)
)

≥
1

(j − 1)
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The acceptable stability in the decision-making process is examined in the second con-
dition. The combination of the alternatives A(1) and A(2) is used if the second condition 
is not met. However, the alternatives A(1) , A(2) …, A(M) are considered when the first con-
dition is not satisfied (Akram et al. 2021a, b).

Proposed model

This study examines crowdfunding alternatives regarding new service development pro-
cess pathways of clean energy investment projects. For this purpose, a novel 4-phase 
model has been created. Figure 2 provides the details of this model.

The details of the phases and steps are demonstrated below.
Phase 1: Completing the Missing Values of the Relation Matrices.
Step 1: Factors are identified to evaluate the service development process and the 

crowdfunding alternatives for the clean energy investment projects.
Step 2: Linguistic evaluations are obtained from the four different experts.
Step 3: Incomplete values are calculated for the generation of the full relation matrix.
Phase 2: Determining the Consensus-based Fuzzy Preferences for the Criteria of the 

Crowdfunding Alternatives.
Step 1: Corresponding fuzzy preference relations are generated.
Step 2: The consistency levels are calculated.
Step 3: Similarity matrix is generated.
Step 4: The consensual degrees are calculated.
Step 5: The proximity values are identified.
Step 6: The feedback mechanism is implemented to check the consensus control levels.
Phase 3: Evaluating the Service Development Process of Clean Energy Investment Pro-

jects by the Crowdfunding Alternatives with Pythagorean Fuzzy Sets.

Fig. 2 Algorithm of the hybrid decision support system



Page 13 of 34Meng et al. Financ Innov            (2021) 7:33  

Step 1: Pythagorean fuzzy relation matrix is created.
Step 2: The defuzzified relation matrix is calculated.
Step 3: The normalized relation matrix is generated.
Step 4: The total relation matrix is created.
Step 5: The weights of the service development process are identified.
Phase 4: Measuring the Service Development Paths of Clean Energy Investment 

Projects by the Crowdfunding Alternatives.
Step 1: Immediate predecessors of the service development activities are defined.
Step 2: The project capacities by the paths are defined for the alternatives.
Step 3: The decision matrix is constructed for the alternatives.
Step 4: The weighted decision matrix is created.
Step 5: The alternatives are ranked. Additionally, a comparative evaluation has been 

performed with VIKOR methodology and sensitivity analysis has been made by con-
sidering 4 different cases.

There are novelties of this proposed model. One of the biggest problems in the deci-
sion-making evaluation is that experts may not have opinions about some criteria (Liu 
et al. 2019), which negatively affects this process (Zhang et al. 2016a, b). In the model, 
the iteration technique is considered to complete the missing parts in the evaluations 
(Chen et al. 2014). In addition, with the help of the consensus-based group decision-
making methodology, the feedback mechanism is implemented and reduces the prob-
lem of opposite views about some criteria (Wu and Chiclana 2014; Dong et al. 2018; 
Labella et  al. 2018). Moreover, a hybrid methodology is considered in the proposed 
model, which contributes to the objectivity of the analysis results (Zhou et al. 2020; 
Qiu et al. 2020; Akram et al. 2021a, b). Additionally, by using the DEMATEL method 
to weight the criteria, an impact relation map can be created (Yuan et al. 2020), which 
provides an opportunity to a conduct causality analysis between factors (Delen et al. 
2020; Xie et al. 2020).

Additionally, this proposed model is appropriate to solve the problems of this 
study in comparison with previously developed MCDM techniques. Different crite-
ria regarding new service development are evaluated, such as design, analysis, devel-
opment, and full launch, and These factors can influence each other. Therefore, an 
appropriate MCDM model should be created that can both calculate the weights and 
identify the causal relationship among these items. Hence, the DEMATEL method is 
considered in this part of the evaluation rather than AHP and ANP (Yuan et al. 2020; 
Li et al. 2016).

Five alternatives are ranked with respect to the crowdfunding alternatives for clean 
energy projects: equity-based, reward-based, debt-based, royalty-based, and dona-
tion-based. In the literature, there several MCDM models (Zhang et al. 2021; Yu et al. 
2021; Wang et  al. 2021). For this study, the TOPSIS method is preferred due to the 
previously emphasized advantages (Rani et al. 2020). Furthermore, VIKOR methodol-
ogy is considered to make a comparative evaluation, and the reliability of the rank-
ing results is examined (Dhiman and Deb 2020; Ziemba et al. 2020). Moreover, using 
the Pythagorean fuzzy sets in the evaluation provides more reliable results because 
they consider membership, non-membership, and hesitancy parameters (Akram et al. 
2020a, b; Ma et  al. 2020; Luqman et  al. 2021). Hence, it is obvious that uncertainty 
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can be reflected more efficiently by PFS compared with IFS that only considers mem-
bership and non-membership degrees (Bakioglu and Atahan 2021; Peng et  al. 2017; 
Akram et al. 2020a, b).

This proposed model has both theoretical and practical advantages. Concerning the 
theoretical advantage, this proposed model paves the way for the researchers and can 
be used for various industries. Additionally, this proposed model can be improved by 
researchers using other methodologies. The main theoretical limitation of this model 
is that a comparative evaluation has not been performed by weighting the criteria. The 
results obtained in this study can guide investors. As a result of the analysis, the most 
important service development criteria were determined and crowdfunding alternatives 
that are the most suitable to fund clean energy investments have been identified. Invest-
ments made using these results are likely to be more effective. However, the proposed 
model has not been implemented in the sector.

Analysis results
The proposed model has four stages. This section presents the analysis results for each 
phase.

Completing the missing values of the relation matrices (phase 1)

The first step of this section is related to the identification of the factors to evaluate the 
service development process and the crowdfunding alternatives for the clean energy 
investment projects. Concerning the service development process, four criteria are con-
sidered: design (criterion 1), analysis (criterion 2), development (criterion 3), and full 
launch (criterion 4). The design includes the definition of the requirements of the prod-
ucts and services. The analysis explains whether these requirements can be satisfied. The 
development provides information about the generation of the products. The full launch 
refers to the sale of the final product in the market.

Regarding crowdfunding alternatives for clean energy projects, five alternatives are 
selected: equity-based (alternative 1), reward-based (alternative 2), debt-based (alterna-
tive 3), royalty-based (alternative 4), and donation-based (alternative 5). Equity crowd-
funding refers to the sale of private company securities for investment to a group of 
individuals. Reward-based crowdfunding is when individuals donate to a project in 
anticipation of receiving a non-financial reward, such as a good or service, at a later 
stage. Debt-based crowdfunding is when investors purchase the debt securities of the 
business. Corporate bonds can be an example of this alternative. Royalty-based crowd-
funding returns a percentage of the income from the project. A donation-based crowd-
funding system is when many participants donate small amounts. In this system, donors 
do not have claims or expectations from the project. For the evaluation of these crite-
ria and alternatives, the linguistic evaluations are obtained from four decision-makers 
(Table 1).

Additionally, in this evaluation process, the linguistic scales and fuzzy preference 
numbers are considered (Table 2).

Moreover, the evaluations of the decision-makers for different crowdfunding alterna-
tives are given in Table 3.
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In the following step, the incomplete values are calculated for constructing the full rela-
tion matrices. The computation process of the equity-based crowdfunding alternative is 
given for completing the missing values of the decision-makers below. For decision-maker 
2, the following iterations are made. Concerning the first iteration, the missing values of 
ep23 and ep32 are estimated. The details are given on Eqs. (51)–(58).

(51)(ep23)
41 = �

(

�−1(p24)+�−1(p43)−�−1(S3)
)

= 5(VH)

(52)(ep23)
42 = �

(

�(p43)−�−1(p42)+�−1(S3)
)

= 4(H)

(53)(ep23)
43 = �

(

�−1(p24)+�−1(p34)−�−1(S3)
)

= 3(M)

(54)ep23 = �

(

1

3

(

�−1
(

ep123

)

+�−1
(

ep223

)

+�−1
(

ep323

))

)

= 4(H)

(55)(ep32)
41 = �

(

�−1(p34)+�−1(p42)−�−1(S3)
)

= 4(H)

(56)(ep32)
42 = �

(

�−1(p42)−�−1(p43)+�−1(S3)
)

= 2(S)

(57)(ep32)
43 = �

(

�−1(p34)+�−1(p24)−�−1(S3)
)

= 3(M)

Table 1 Details of decision makers

Decision Makers Expertise Experience Position Education

DM 1 Financial management 20 years Chief of executive officer Business engineering

DM 2 Energy 18 years Founder Industrial engineering

DM 3 Asset management 15 years Senior manager Finance

DM 4 Manufacturing 19 years Senior vice present Economics

Table 2 Linguistic scales and fuzzy preference numbers

Linguistic scales Preference numbers Fuzzy 
preferences

No influence (n) 0 0

weak influence (w) 1 0.10

somewhat influence (s) 2 0.30

medium influence (m) 3 0.50

high influence (h) 4 0.70

very high influence (vh) 5 0.90

Extremely influence (e) 6 1
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Table 3 Linguistic evaluations for different crowdfunding alternative

Equity-based crowdfunding alternative

Decision Maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

C1 – M H H C1 – n/a H M

C2 H – M M C2 n/a – n/a H

C3 M M – VH C3 H n/a – H

C4 VH M H – C4 H M H –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

C1 – n/a H VH C1 – VH H H

C2 n/a – M M C2 H – M E

C3 VH M – VH C3 H n/a – H

C4 M M H – C4 n/a VH M –

Reward-based crowdfunding alternative

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

C1 – n/a VH M C1 – VH M H

C2 n/a – n/a VH C2 H – M VH

C3 VH n/a – M C3 H M – H

C4 H H M – C4 H VH H –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

C1 – M H VH C1 – n/a M E

C2 H – VH H C2 n/a – H E

C3 M n/a – H C3 H H – VH

C4 n/a M H – C4 M M H –

Debt-based crowdfunding alternative

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

C1 – M H E C1 – H VH H

C2 H – E H C2 M – M H

C3 H M – VH C3 S M – H

C4 VH M H – C4 VH VH VH –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

C1 – H M H C1 – n/a VH H

C2 VH – VH S C2 n/a – H M

C3 H n/a – VH C3 M M – VH

C4 n/a H H – C4 H VH VH –

Royalty-based crowdfunding alternative

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

C1 – VH H M C1 – M H VH
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The second iteration includes the estimations for ep12 and ep21 . The details are demon-
strated in Eqs. (59)–(66).

(58)ep32 = �

(

1

3

(

�−1
(

ep132

)

+�−1
(

ep232

)

+�−1
(

ep332

))

)

= 3(M)

(59)(ep12)
31 = �

(

�−1(p13)+�−1(p32)−�−1(S3)
)

= 4(H)

(60)(ep12)
32 = �

(

�−1(p32)−�−1(p31)+�−1(S3)
)

= 2(S)

(61)(ep12)
33 =

(

�−1(p13)+�−1(p23)−�−1(S3)
)

= 3(M)

(62)ep12 = �

(

1

3

(

�−1
(

ep112

)

+�−1
(

ep212

)

+�−1
(

ep312

))

)

= 3(M)

Table 3 (continued)

Royalty-based crowdfunding alternative

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

C2 E – H VH C2 VH – E H

C3 E H – H C3 H H – H

C4 VH VH H – C4 VH H M –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

C1 – VH M H C1 – n/a H H

C2 M – H M C2 n/a – H M

C3 VH n/a – M C3 VH H – H

C4 n/a S VH – C4 E E H –

Donation-based crowdfunding alternative

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

C1 – H M VH C1 – H H VH

C2 VH – H H C2 E – H VH

C3 H M – M C3 H n/a – M

C4 H H VH – C4 n/a M H –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

C1 – H M S C1 – VH H M

C2 H – H H C2 E – H VH

C3 H H – H C3 VH H – H

C4 M VH H – C4 H H H –
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For decision-maker 3, the iterations of ep12 and ep21 are demonstrated in Eqs. (67)–(74).

Regarding decision-maker 4, the iterations of ep32 and ep41 are indicated in 
Eqs. (75)–(82).

(63)(ep21)
31 = �

(

�−1(p23)+�−1(p31)−�−1(S3)
)

= 5(VH)

(64)(ep21)
32 = �

(

�−1(p31)−�−1(p32)+�−1(S3)
)

= 4(H)

(65)(ep21)
33 = �

(

�−1(p23)+�−1(p13)−�−1(S3)
)

= 3(M)

(66)ep21 = �

(

1

3

(

�−1
(

ep121

)

+�−1
(

ep221

)

+�−1
(

ep321

))

)

= 4(H)

(67)(ep12)
31 = 4(H)

(68)(ep12)
32 = 1(W)

(69)(ep12)
33 = 4(H)

(70)ep12 = 3(M)

(71)(ep21)
31 = 5(VH)

(72)(ep21)
32 = 5(VH)

(73)(ep21)
33 = 2(S)

(74)ep21 = 4(H)

(75)(ep32)
41 = 6(E)

(76)(ep32)
42 = 5(VH)

(77)(ep32)
43 = 1(W)

(78)ep32 = 4(H)

(79)(ep41)
31 = 4(H)

(80)(ep41)
32 = 3(M)
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Similar estimation procedures are applied for the missing values of the other crowd-
funding alternatives. The computed values of the alternatives are represented for the 
missing values of the decision-makers as follows. The estimated values are given for 
the missing items of reward-based crowdfunding alternative as in Eq. (83) for decision-
maker 1, in Eq. (84) for decision-maker 3, and in Eq. (85) for decision-maker 4.

Moreover, the computed values are presented by the estimated values of the decision-
makers for the debt-based crowdfunding alternative. Equations (86) and (87) are consid-
ered for decision-makers 3 and 4, respectively.

Furthermore, the missing values are calculated for the royalty-based crowdfunding 
alternative as in Eqs. (88) and (89) for decision-makers 1 and 2, respectively.

Finally, the estimation results of the missing values are represented for the donation-
based crowdfunding alternative by the following values. Concerning decision-maker 2, 
Eq. (90) is taken into consideration.

Determining the consensus-based fuzzy preferences for the criteria of the crowdfunding 

alternatives (phase 2)

The first step in this phase includes the construction of the corresponding fuzzy pref-
erence relations. The details for the equity-based crowdfunding alternative are dem-
onstrated in Table  4. In this process, the calculation details of the equity-based 
crowdfunding alternative are shown. Only the results are given for other alternatives.

In the following step, the consistency levels are calculated. Table 5 outlines the details 
for the equity-based crowdfunding alternative.

The global consistency level (GCL) is computed as 0.91 for the equity-based crowd-
funding alternative. Similar steps are employed for the other alternatives and the 

(81)(ep41)
33 = 2(S)

(82)ep41 = 3(M)

(83)ep12 = 3(M), ep21 = 4(H), ep23 = 4(H), ep32 = 3(M)

(84)ep32 = 3(M), ep41 = 3(M)

(85)ep12 = 3(M), ep21 = 4(H)

(86)ep32 = 5(VH), ep41 = 4(H)

(87)ep12 = 3(M), ep21 = 3(M)

(88)ep32 = 4(H), ep41 = 5(VH)

(89)ep12 = 3(M), ep21 = 5(VH)

(90)ep32 = 2(S), ep41 = 4(H)
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values of GCL are 0.91, 0.88, 0.87, and 0.90 for the reward-based, debt-based, roy-
alty-based, and donation-based crowdfunding alternatives, respectively. Then, the 
similarity matrices are computed, and the results are illustrated in Table  6 for the 
equity-based crowdfunding alternative.

Additionally, Table  7 demonstrates the collective similarity matrix for the equity-
based crowdfunding alternative.

Afterward, the consensual degrees are identified. The global consensus degree (CR) 
is calculated as 0.85 for the equity-based crowdfunding alternative. Accordingly, the 
same procedures are applied for the remaining alternatives. The results are given as 
0.82, 0.82, 0.81, and 0.84 for the reward-based, debt-based, royalty-based, and dona-
tion-based crowdfunding alternatives, respectively. Table  8 outlines the consensual 
fuzzy preference degrees for the equity-based crowdfunding alternative.

The collective fuzzy preference relations for the equity-based crowdfunding alter-
native are given in Table 9.

Table 4 Corresponding fuzzy preference relations for the equity-based crowdfunding alternative

Decision maker 1 Decision maker 2

CP1 C1 C2 C3 C4 CP2 C1 C2 C3 C4

C1 – 0.57 0.47 0.63 C1 – 0.43 0.53 0.60

C2 0.57 – 0.63 0.67 C2 0.73 – 0.70 0.63

C3 0.77 0.53 – 0.47 C3 0.63 0.50 – 0.53

C4 0.53 0.57 0.67 – C4 0.60 0.53 0.63 –

Decision maker 3 Decision maker 4

CP3 C1 C2 C3 C4 CP4 C1 C2 C3 C4

C1 – 0.63 0.60 0.57 C1 – 0.72 0.60 0.80

C2 0.53 – 0.57 0.80 C2 0.57 – 0.60 0.60

C3 0.60 0.67 – 0.73 C3 0.60 0.75 – 0.77

C4 0.67 0.40 0.43 – C4 0.55 0.60 0.52 –

Table 5 Consistency levels for the equity-based crowdfunding alternative

Decision maker 1 (CL1:0.89) Decision maker 2 (CL2:0.95)

CL1 C1 C2 C3 C4 CL2 C1 C2 C3 C4

C1 – 0.96 0.84 0.96 C1 – 0.96 0.89 0.93

C2 0.91 – 0.91 0.89 C2 0.98 – 1.00 0.96

C3 0.82 0.98 – 0.71 C3 0.96 1.00 – 0.89

C4 0.76 0.96 0.98 – C4 0.93 0.98 0.96 –

Decision maker 3 (CL3:0.87) Decision maker 4 (CL4:0.91)

CL3 C1 C2 C3 C4 CL4 C1 C2 C3 C4

C1 – 0.91 0.93 0.78 C1 – 0.88 0.93 0.93

C2 0.89 – 0.96 0.80 C2 0.91 – 0.93 0.73

C3 0.80 0.89 – 0.89 C3 0.93 0.97 – 0.96

C4 0.89 0.93 0.82 – C4 0.97 0.80 0.99 –
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Table 6 Similarity matrices for the equity-based crowdfunding alternative

DM1–DM3 DM1–DM4

SM13 C1 C2 C3 C4 SM14 C1 C2 C3 C4

C1 1.00 1.00 0.80 C1 0.60 1.00 1.00

C2 1.00 1.00 1.00 C2 1.00 1.00 0.50

C3 0.60 1.00 1.00 C3 0.80 0.80 0.80

C4 0.60 1.00 1.00 C4 0.60 0.60 0.80

DM2–DM3 DM2–DM4

SM23 C1 C2 C3 C4 SM24 C1 C2 C3 C4

C1 1.00 1.00 0.60 C1 0.60 1.00 0.80

C2 1.00 0.80 0.80 C2 1.00 0.80 0.70

C3 0.80 1.00 0.80 C3 1.00 0.80 1.00

C4 0.80 1.00 1.00 C4 0.80 0.60 0.80

Table 7 Collective similarity matrix for the equity-based crowdfunding alternative

SM C1 C2 C3 C4

C1 0.80 1.00 0.80

C2 1.00 0.90 0.75

C3 0.80 0.90 0.90

C4 0.70 0.80 0.90

Table 8 Consensual fuzzy preference degrees for the equity-based crowdfunding alternative

Decision maker 1 Decision maker 2

Z1 C1 C2 C3 C4 Z2 C1 C2 C3 C4

C1 0.93 0.85 0.67 C1 0.91 0.89 0.70

C2 0.86 0.99 0.90 C2 0.86 0.97 0.88

C3 0.92 0.84 0.87 C3 0.92 0.73 0.87

C4 0.93 0.88 0.79 C4 0.94 0.79 0.93

Decision maker 3 Decision maker 4

Z3 C1 C2 C3 C4 Z4 C1 C2 C3 C4

C1 0.92 0.89 0.61 C1 0.78 0.88 0.72

C2 0.79 0.97 0.87 C2 0.87 0.99 0.86

C3 0.94 0.84 0.87 C3 0.82 0.85 0.90

C4 0.81 0.76 0.94 C4 0.94 0.90 0.93

Table 9 Collective fuzzy preference relations for the equity-based crowdfunding alternative

Pc C1 C2 C3 C4

C1 0.90 0.87 0.68

C2 0.85 0.99 0.89

C3 0.90 0.82 0.88

C4 0.92 0.85 0.86
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In the next step, the proximity levels are defined. These values are defined for the 
equity-based crowdfunding alternative in Table 10.

In the final step, the feedback mechanism is applied to check the consensus control 
level (CCL). The values of CCL are determined 0.87, 0.84, 0.83, 0.83, and 0.85 for the 
equity-based, reward-based, debt-based, royalty-based, and donation-based alterna-
tives, respectively. The feedback mechanism is applied by checking the values of CCL 
to determine if it is equal to or greater than 0.85. The equity-based and the dona-
tion-based crowdfunding alternatives (alternatives 1 and 5) satisfy the consensus-
based fuzzy relation evaluations. However, the second-round feedback mechanism is 
applied to check the modified evaluations of the group decision-making approach for 
the reward-based, debt-based, and royalty-based alternatives (alternatives 2, 3, and 4).

The CCL values for the second round are computed as 0.85, 0.85, and 0.83 for 
the reward-based, debt-based, and royalty-based alternatives (alternatives 2, 3, and 
4), respectively. The reward and debt-based alternatives (alternatives 2 and 3) reach 
the consensus in the group decision-making process, but the result of the royalty-
based crowdfunding alternative does not exceed the threshold value of 0.85. So, the 
third-round computation process should be continued for the royalty-based alterna-
tive (alternative 4). The third-round CCL result is 0.86 for the royalty-based alter-
native. Accordingly, regarding the first-round evaluation, the consensus-based fuzzy 
preference relation results for the equity-based crowdfunding alternative are given in 
Table 11.

Additionally, Table 12 outlines the second-round evaluation results.
The consensus-based fuzzy preference relations for the debt-based crowdfunding 

alternative of the second-round evaluation are indicated in Table 13.
Additionally, Table 14 indicates the third-round evaluation of the consensus-based 

fuzzy preference relations for the royalty-based crowdfunding alternative.
The first-round evaluation concerning the consensus-based fuzzy preference rela-

tions for the donation-based crowdfunding alternative is shown in Table 15.

Table 10 Proximity levels for the equity-based crowdfunding alternative

Decision maker 1 
(

Pr
1
: 0.78

)

Decision maker 2 
(

Pr
2
: 0.76

)

PP1 C1 C2 C3 C4 PP2 C1 C2 C3 C4

C1 0.80 0.63 0.78 C1 0.80 0.83 0.78

C2 0.95 0.71 0.81 C2 0.85 0.71 0.99

C3 0.80 0.68 0.62 C3 0.80 0.48 0.62

C4 0.78 0.85 0.96 C4 0.78 0.65 0.84

Decision maker 3 
(

Pr
3
: 0.77

)

Decision maker 4 
(

Pr
4
: 0.86

)

PP3 C1 C2 C3 C4 PP4 C1 C2 C3 C4

C1 0.80 0.63 0.62 C1 1.00 0.83 0.82

C2 0.85 0.71 0.81 C2 0.85 0.71 0.99

C3 0.80 0.88 0.82 C3 1.00 0.88 0.82

C4 0.58 0.95 0.84 C4 0.78 0.85 0.84
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Evaluating the service development process of clean energy investment projects 

by the crowdfunding alternatives with pythagorean fuzzy sets (phase 3)

The first step of this phase is related to the construction of the Pythagorean fuzzy 
relation matrix. The normalized matrix is constructed by considering the bounda-
ries of µ2

p + n2p = 1 . Table 16 illustrates the fuzzy relation matrix for the equity-based 
crowdfunding alternative.

The following steps show the computation results of Pythagorean fuzzy DEMATEL 
for the equity-based crowdfunding alternative. Table 17 outlines the defuzzified rela-
tion matrix for the equity-based crowdfunding alternative.

The matrix is normalized as in Table 18.
Then, the total relation matrix is constructed by considering these variables. This 

new matrix is developed as in Table 19.

Table 11 Consensus-based fuzzy preference relations for the equity-based crowdfunding 
alternative (the first-round evaluation)

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.50 0.70 0.70 C1 – 0.50 0.70 0.50

C2 0.70 – 0.50 0.50 C2 0.70 – 0.70 0.70

C3 0.50 0.50 – 0.90 C3 0.70 0.50 – 0.70

C4 0.90 0.50 0.70 – C4 0.70 0.50 0.70

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.50 0.70 0.90 C1 – 0.90 0.70 0.70

C2 0.70 – 0.50 0.50 C2 0.70 – 0.50 1.00

C3 0.90 0.50 – 0.90 C3 0.70 0.70 – 0.70

C4 0.50 0.50 0.70 – C4 0.50 0.90 0.50 –

Table 12 Consensus-based fuzzy preference relations for the reward-based crowdfunding 
alternative (the second-round evaluation)

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.50 0.90 0.50 C1 – 0.90 0.50 0.70

C2 0.70 – 0.70 0.90 C2 0.70 – 0.78 0.90

C3 0.90 0.82 – 0.77 C3 0.70 0.88 – 0.70

C4 0.70 0.70 0.50 – C4 0.70 0.90 0.70 –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.78 0.70 0.90 C1 – 0.78 0.50 1.00

C2 0.70 – 0.90 0.70 C2 0.70 – 0.70 1.00

C3 0.50 0.50 – 0.70 C3 0.70 0.70 – 0.90

C4 0.50 0.50 0.70 – C4 0.81 0.50 0.70 –
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Finally, the values of D and E along with the weights of the service development 
process are calculated (Table 20).

Table  20 indicates that, with respect to the equity-based crowdfunding alterna-
tive, full launch (criterion 4) is the most significant factor because it has the highest 
weight. Additionally, design (criterion 1) is important. For reward-based crowdfund-
ing alternative, analysis (criterion 2) plays the most significant role, and full launch 
(criterion 4) should be considered for this alternative. Furthermore, full launch 
(criterion 4) has the highest importance regarding debt-based crowdfunding alter-
natives. For the royalty-based alternative, design (criterion 1) is the most essential 
item. Finally, analysis (criterion 2) should be considered mainly when the donation-
based crowdfunding alternative is preferred.

Table 13 Consensus-based fuzzy preference relations for the debt-based crowdfunding alternative 
(the second-round evaluation)

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.50 0.70 1.00 C1 – 0.70 0.90 0.70

C2 0.70 – 0.72 0.70 C2 0.50 – 0.50 0.70

C3 0.70 0.50 – 0.90 C3 0.75 0.78 – 0.70

C4 0.90 0.50 0.70 – C4 0.90 0.90 0.90 –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.70 0.50 0.70 C1 – 0.86 0.90 0.70

C2 0.90 – 0.90 0.80 C2 0.50 – 0.70 0.50

C3 0.70 0.90 – 0.90 C3 0.50 0.50 – 0.90

C4 0.70 0.70 0.70 – C4 0.70 0.90 0.90 –

Table 14 Consensus-based fuzzy preference relations for the royalty-based crowdfunding 
alternative (the third-round evaluation)

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.90 0.70 0.76 C1 – 0.50 0.70 0.90

C2 1.00 – 0.70 0.90 C2 0.90 – 1.00 0.70

C3 1.00 0.94 – 0.70 C3 0.70 0.88 – 0.70

C4 0.90 0.90 0.70 – C4 0.90 0.70 0.50 –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.90 0.50 0.70 C1 – 0.50 0.70 0.70

C2 0.50 – 0.70 0.50 C2 0.70 – 0.70 0.50

C3 0.90 0.70 – 0.87 C3 0.90 0.91 – 0.70

C4 0.70 0.30 0.90 – C4 1.00 0.69 0.70 –
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Measuring the service development paths of clean energy investment projects 

by the crowdfunding alternatives (phase 4)

In the first step, the immediate predecessors of service development process activities 
are selected. The values of D–E illustrate the influencing degrees of criteria. Accord-
ingly, the criteria with positive D–E values mean that they affect the following activities, 

Table 15 Consensus-based fuzzy preference relations for the donation-based crowdfunding 
alternative (the first-round evaluation)

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.90 0.50 0.90 C1 – 0.70 0.70 0.90

C2 0.90 – 0.70 0.70 C2 1.00 – 0.70 0.90

C3 0.70 0.50 – 0.50 C3 0.70 0.30 – 0.50

C4 0.70 0.70 0.90 – C4 0.70 0.50 0.70 –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.70 0.50 0.30 C1 – 0.90 0.70 0.50

C2 0.70 – 0.70 0.70 C2 1.00 – 0.70 0.90

C3 0.70 0.70 – 0.70 C3 0.90 0.70 – 0.70

C4 0.50 0.90 0.70 – C4 0.70 0.70 0.70 –

Table 16 Consensus-based Pythagorean fuzzy decision matrix for the equity-based crowdfunding 
alternative

Decision maker 1 Decision Maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – [0.45,0.28] [0.63,0.19] [0.63,0.19] C1 – [0.45,0.28] [0.63,0.19] [0.45,0.28]

C2 [0.63,0.19] – [0.45,0.28] [0.45,0.28] C2 [0.63,0.19] – [0.63,0.19] [0.63,0.19]

C3 [0.45,0.28] [0.45,0.28] – [0.81,0.10] C3 [0.63,0.19] [0.45,0.28] – [0.63,0.19]

C4 [0.81,0.10] [0.45,0.28] [0.63,0.19] – C4 [0.63,0.19] [0.45,0.28] [0.63,0.19] –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – [0.45,0.28] [0.63,0.19] [0.81,0.10] C1 – [0.81,0.10] [0.63,0.19] [0.63,0.19]

C2 [0.63,0.19] – [0.45,0.28] [0.45,0.28] C2 [0.63,0.19] – [0.45,0.28] [0.90,0.05]

C3 [0.81,0.10] [0.45,0.28] – [0.81,0.10] C3 [0.63,0.19] [0.63,0.19] – [0.63,0.19]

C4 [0.45,0.28] [0.45,0.28] [0.63,0.19] – C4 [0.45,0.28] [0.81,0.10] [0.45,0.28] –

Table 17 Defuzzified relation matrix for the equity-based crowdfunding alternative

Criteria C1 C2 C3 C4

C1 0.000 0.239 0.363 0.363

C2 0.363 0.000 0.181 0.331

C3 0.363 0.181 0.000 0.499

C4 0.299 0.239 0.299 0.000
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making them immediate predecessors of the project. However, the criteria with nega-
tive D–E values are influenced by the other criteria, and they are not immediate pre-
decessors of other activities. Additionally, it is assumed that the first activity is always 

Table 18 Normalized relation matrix for the equity-based crowdfunding alternative

Criteria C1 C2 C3 C4

C1 0.000 0.229 0.348 0.348

C2 0.348 0.000 0.174 0.317

C3 0.348 0.174 0.000 0.478

C4 0.287 0.229 0.287 0.000

Table 19 Total relation matrix for the equity-based crowdfunding alternative

Criteria C1 C2 C3 C4

C1 2.030 1.642 2.076 2.567

C2 2.118 1.338 1.816 2.347

C3 2.399 1.691 1.923 2.768

C4 2.042 1.491 1.850 2.068

Table 20 The values of D, E, and weights of criteria for the crowdfunding alternatives

Criteria D E D + E D − E Weights

Equity-based

Design (criterion 1) 8.314 8.589 16.903 − 0.275 0.263

Analysis (criterion 2) 7.619 6.162 13.781 1.457 0.214

Development (criterion 3) 8.781 7.664 16.445 1.116 0.256

Full launch (criterion 4) 7.451 9.750 17.201 − 2.299 0.267

Reward-based

Design (criterion 1) 4.551 4.186 8.737 0.365 0.240

Analysis (criterion 2) 5.255 4.312 9.566 0.943 0.262

Development (criterion 3) 4.650 4.163 8.813 0.486 0.242

Full launch (criterion 4) 3.781 5.575 9.357 − 1.794 0.257

Debt-based

Design (criterion 1) 6.223 5.709 11.933 0.514 0.244

Analysis (criterion 2) 5.175 5.633 10.808 − 0.457 0.221

Development (criterion 3) 6.151 6.412 12.563 − 0.261 0.257

Full launch (criterion 4) 6.883 6.678 13.561 0.205 0.278

Royalty-based

Design (criterion 1) 3.546 4.930 8.477 − 1.384 0.263

Analysis (criterion 2) 3.886 3.860 7.746 0.026 0.240

Development (criterion 3) 4.766 3.574 8.341 1.192 0.259

Full launch (criterion 4) 3.920 3.754 7.674 0.165 0.238

Donation-based

Design (criterion 1) 2.474 3.174 5.648 − 0.701 0.265

Analysis (criterion 2) 3.437 2.454 5.891 0.983 0.277

Development (criterion 3) 2.097 2.493 4.590 − 0.396 0.216

Full launch (criterion 4) 2.637 2.523 5.160 0.114 0.242
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the immediate predecessor of the second activity even if it has a negative D–E value. 
The D–E value of the last activity is not used because there is not the following activity. 
Accordingly, the immediate predecessors are illustrated by the crowdfunding alterna-
tives in Table 21.

In the following step, the project capacities by the paths for the alternatives are deter-
mined. By considering the immediate predecessors of the activities, the paths are deter-
mined and the weights of the criteria in the path are calculated to determine project 
capacities by the service development paths in clean energy investment projects. The 
results are presented in Table 22.

Then, the decision matrix for the alternatives is constructed, where the values of D + E 
are considered as the importance degrees for the crowdfunding alternatives in terms of 
the service development criteria and activities, which is used for constructing the deci-
sion matrix. TOPSIS is used to rank the performance of the crowdfunding alternatives 
by considering the service development criteria. The normalized values of the decision 
matrix are shown in Table 23.

Following, the weighted decision matrix is calculated, and the average values of the 
criteria weights are used for constructing the weighted decision matrix. The results are 
given in Table 24.

Table 21 Immediate predecessors of the service development process by the crowdfunding 
alternatives

Criteria/process D − E Immediate predecessors

Equity-based

Design (criterion 1)/activity 1 − 0.275 –

Analysis (criterion 2)/activity 2 1.457 Activity 1

Development (criterion 3)/activity 3 1.116 Activity 2

Full launch (criterion 4)/activity 4 − 2.299 Activity 2, Activity 3

Reward-based

Design (criterion 1)/Activity 1 0.365 –

Analysis (criterion 2)/activity 2 0.943 Activity 1

Development (criterion 3)/activity 3 0.486 Activity 1, Activity 2

Full launch (criterion 4)/activity 4 − 1.794 Activity 1, Activity 2, Activity 3

Debt-based

Design (criterion 1)/activity 1 0.514 –

Analysis (criterion 2)/activity 2 − 0.457 Activity 1

Development (criterion 3)/Activity 3 − 0.261 Activity 1

Full launch (criterion 4)/activity 4 0.205 Activity 1

Royalty-based

Design (criterion 1)/activity 1 − 1.384 –

Analysis (criterion 2)/activity 2 0.026 Activity 1

Development (criterion 3)/activity 3 1.192 Activity 1, Activity 2

Full launch (criterion 4)/Activity 4 0.165 Activity 1, Activity 2, Activity 3

Donation-based

Design (criterion 1)/activity 1 − 0.701 –

Analysis (criterion 2)/activity 2 0.983 Activity 1

Development (criterion 3)/activity 3 − 0.396 Activity 1, Activity 2

Full launch (criterion 4)/activity 4 0.114 Activity 1, Activity 2
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Finally, the alternatives are ranked (Table 25).
Table  25 outlines that equity-based crowdfunding is the most appropriate alter-

native for the effectiveness of clean energy investment projects, and debt-based 

Table 22 The project paths and capacities for the service development in clean energy investment 
projects by the crowdfunding alternatives

Paths Activities Project 
capacities

Equity-based

Path 1 Activity 1, Activity 2, Activity 3, Activity 4 1.000

Path 2 Activity 1, Activity 2, Activity 4 0.744

Reward-based

Path 1 Activity 1, Activity 3, Activity 4 0.738

Path 2 Activity 1, Activity 2, Activity 3, Activity 4 1.000

Path 3 Activity 1, Activity 2, Activity 4 0.758

Path 4 Activity 1, Activity 4 0.496

Debt-based

Path 1 Activity 1, Activity 4 1.000

Royalty-based

Path 1 Activity 1, Activity 3, Activity 4 0.760

Path 2 Activity 1, Activity 2, Activity 3, Activity 4 1.000

Path 3 Activity 1, Activity 2, Activity 4 0.741

Path 4 Activity 1, Activity 4 0.501

Donation-based

Path 1 Activity 1, Activity 4 0.508

Path 2 Activity 1, Activity 2, Activity 4 0.784

Table 23 Normalized decision matrix

Alternatives Design 
(criterion 1)

Analysis 
(criterion 2)

Development 
(criterion 3)

Full launch 
(criterion 4)

Equity-based (alternative 1) 0.685 0.621 0.673 0.673

Reward-based (alternative 2) 0.354 0.431 0.361 0.366

Debt-based (alternative 3) 0.484 0.487 0.514 0.531

Royalty-based (alternative 4) 0.344 0.349 0.341 0.300

Donation-based (alternative 5) 0.229 0.265 0.188 0.202

Table 24 Weighted decision matrix

Alternatives Design 
(criterion 1)

Analysis 
(criterion 2)

Development 
(criterion 3)

Full launch 
(criterion 4)

Equity-based (alternative 1) 0.175 0.151 0.165 0.173

Reward-based (alternative 2) 0.090 0.105 0.089 0.094

Debt-based (alternative 3) 0.123 0.118 0.126 0.136

Royalty-based (alternative 4) 0.088 0.085 0.084 0.077

Donation-based (alternative 5) 0.058 0.064 0.046 0.052
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crowdfunding is the second-best alternative. Reward, royalty, and donation-based 
alternatives have lower importance in comparison.

Sensitivity analysis and comparative ranking results

A comparative evaluation is performed using VIKOR to rank the alternatives. Sensitivity 
analysis is conducted by considering four cases. Table 26 provides the details of the sen-
sitivity analysis results with the TOPSIS and VIKOR approaches.

Table 26 demonstrates that the ranking results are similar for TOPSIS and VIKOR, as 
are the analysis results of the four cases. This situation shows that the findings are coher-
ent and reliable.

Conclusion and discussion
This study identified the appropriate crowdfunding alternatives for new service develop-
ment process pathways of clean energy investment projects using a proposed four-stage 
novel model. First, the missing values of the relation matrices were completed with the 
help of the iteration technique. Second, the consensus-based fuzzy preferences for the 
criteria of the crowdfunding alternatives were identified. Third, the service development 
process of clean energy investment projects by the crowdfunding alternatives was evalu-
ated with the Pythagorean fuzzy DEMATEL method. Fourth, the service development 
paths of clean energy investment projects by the crowdfunding alternatives were ranked. 
The Pythagorean fuzzy TOPSIS methodology was used, a comparative evaluation was 
performed with VIKOR methodology, and sensitivity analysis was conducted using four 
cases.

The findings demonstrate that the analysis results are coherent and reliable, con-
cluding that the full launch is the most significant criterion for equity and debt-based 

Table 25 Ranking the crowdfunding alternatives for the service development process of clean 
energy investment projects

Alternatives D+ D− RCi Ranking

Equity-based (alternative 1) 0.000 0.223 1.000 1

Reward-based (alternative 2) 0.146 0.079 0.350 3

Debt-based (alternative 3) 0.081 0.144 0.640 2

Royalty-based (alternative 4) 0.167 0.058 0.257 4

Donation-based (alternative 5) 0.223 0.000 0.000 5

Table 26 Sensitivity Analysis with TOPSIS and VIKOR

Alternatives TOPSIS VIKOR

Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4

Equity-based (alternative 1) 1 1 1 1 1 1 1 1

Reward-based (alternative 2) 3 3 4 4 4 3 3 3

Debt-based (alternative 3) 2 2 2 2 2 2 2 2

Royalty-based (alternative 4) 4 4 3 3 3 4 4 4

Donation-based (alternative 5) 5 5 5 5 5 5 5 5
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crowdfunding alternatives. Moreover, the analysis weights reward and donation-based 
alternatives highest, whereas design is the most essential item regarding the royalty-
based alternative. Additionally, the equity-based crowdfunding alternative is the most 
significant for the service development process of clean energy investment projects.

Clean energy investments have high initial costs, which makes investors anxious 
regarding clean energy projects. Hence, some energy investors prefer fossil fuels to man-
age the costs of the projects more effectively. Therefore, the high initial cost is a major 
obstacle to increasing the number of clean energy projects. Thus, it is vital to select the 
financing source of the projects correctly. The results of this study show that the most 
suitable alternative in this process is equity-based crowdfunding. Hence, the best prac-
tice is for a large number of investors to finance clean energy investment projects in 
return for equity. This method is advantageous. First, if the firm makes a profit, it can 
distribute dividends, and this does not create a fixed-cost burden for the company. If the 
company does not make a profit, it does not make payouts to investors. Second, since 
the equity does not have a specific maturity, it is possible for the clean energy firm to 
continuously provide a source of finance.

Previous studies have emphasized the importance of clean energy investments. Jaber 
et  al. (2015), Zhang et  al. (2016a, b), and Bean et  al. (2017) stated that, in financing 
clean energy investments, the equity financing method is preferred compared to the 
debt financing method. Clean energy investments are long-term investments with high 
costs, which cause debt-increase financing and the burden of investors. Similarly, Kim 
and Park (2018), Tian (2018), and Kempa et al. (2021) identified that if the investments 
do not make enough profit, especially in the first periods, it is difficult for investors to 
repay the debt, which prevents the sustainable success of the project. Therefore, in clean 
energy investments, the repayment of the financing should be directly proportional to 
the profit received. Furthermore, He et al. (2019), Anton and Nucu (2020), and Rahim 
and Mohamad (2018) determined that financing for clean energy projects must be con-
tinuous. Hence, it is difficult to provide long-term financing for these projects through 
practices, such as donations. Relying solely on donations when financing these projects 
runs the risk of not finding additional resources while the project continues.

This study has several theoretical and practical implications. The proposed model con-
structed in this study offers theoretical advancement for researchers. The novel model 
was created to evaluate the crowdfunding alternatives regarding new service develop-
ment process pathways of clean energy investment projects by considering the con-
sensus-based group decision-making with incomplete preferences, Pythagorean fuzzy 
DEMATEL, and TOPSIS. Furthermore, by making a comparative evaluation and sen-
sitivity analysis, this model is reliable and consistent. Therefore, researchers in multi-
ple fields can utilize this complex model. Practically, the results of this study can guide 
investors and policymakers. To improve clean energy investments, governments should 
provide the necessary support to increase equity-based financing. For example, reduc-
ing legal procedures in this process will make it easier for investors. Additionally, for an 
equity-based financing system to develop, taxes on such investments can be reduced. 
Both suggestions will have positive contributions to increase clean energy investments.

The main contribution of this study is to identify appropriate crowdfunding-based 
funding alternatives for the improvement of the clean energy investments with a novel 
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MCDM model by considering the group decision-making with consensus and Pythago-
rean fuzzy sets. However, the study has some limitations. A general examination of clean 
energy types was conducted. However, future studies should analyze this issue specifi-
cally for several types of clean energy. This study conducted an analysis only for the best 
financing alternative, which will guide investors and researchers. However, no sectoral 
application was made. Additionally, this study only aimed to identify the critical factors 
to increase clean energy investments. Future studies should consider a situation analy-
sis for the sector to contribute significantly to the literature. Moreover, the consistency 
and coherency of the proposed model of this study are evaluated in the analysis process. 
Hence, this model can be considered for academicians in various fields.
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