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Introduction
One of the most prominent energy consumption problems is air pollution. Using fos-
sil fuels results in a significant amount of carbon gas being released into the atmos-
phere. Because this situation causes very serious health problems, countries attempt 
to take actions to solve this problem. In this context, the importance of green 
energy has increased, especially in recent years. Countries have aimed to use natu-
ral resources, such as the sun and wind, to avoid harming the environment during 
the energy consumption process (Zhong et  al. 2020). When these energy types are 
used, carbon emissions from the electricity generation process are very low. Another 
advantage of these energy types is that they contribute to countries’ energy inde-
pendence. Countries will be able to produce their own energy by using green energy 
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(Dinçer and Yüksel 2019a, b). In this framework, the current account deficit problem 
of countries that do not have to import energy from abroad might decrease.

In contrast, green energy projects have some drawbacks. In this process, the most 
problematic issue is the high initial costs. Because green energy projects are invest-
ments with complex structures, expensive materials might need to be used during 
these projects’ installation phases. This situation weakens the motivation of investors 
toward these projects (Bertheau 2020) and indicates that financing is very impor-
tant in green energy projects. In this context, the risk exists that the cost of the pro-
ject might reach an uncontrollable level if the needed fund is provided ineffectively. 
Therefore, when financing green energy projects, many different issues should be 
simultaneously considered.

The aforementioned issues lead to the understanding that fintech applications are very 
important in reducing the efficiency of green energy investments. In the financial sector, 
fintech refers to innovative technologies (Kou et al. 2021), and advances in technology 
strongly affect this sector (Boot et al. 2021). Fintech applications enable the financial sec-
tor to easily, effectively, and quickly provide financial services, and many related benefits 
can be discussed. For example, faster delivery of financial services increases customer 
satisfaction (Zha et  al. 2020), which contributes to increases in green energy invest-
ments. Moreover, fintech applications facilitate green energy investors’ access to needed 
funds at a low cost (Bu et al. 2021). Thus, increasing green energy investments, which are 
very important for the economic development of the country, will be possible.

Mentioning different fintech-based financing alternatives is possible. The revenue 
sharing model refers to royalty payments based on sales performance. In this model, 
the total income is distributed to shareholders. The main advantage of this method is 
that less sharing occurs with shareholders when the company’s sales volume is low (Yang 
et al. 2019a, b). In contrast, with respect to the peer-to-business debt model, companies 
borrow given a risk premium. The biggest advantage of this method is that the lend-
ing institution is not a partner to the company. However, these debts must be paid even 
if the business is not profitable (Alzoubi 2018). Moreover, regarding the equity sharing 
model, equity shares are provided with shareholders’ rights—that dividend payments 
depend on the company’s performance is an important advantage of this method. How-
ever, this method causes new partners to enter the business, and these partners have the 
power to control the business (Fianto et al. 2018). Finally, the rewarding model provides 
products and services of projects at preorder prices (Harish et al. 2020).

Furthermore, a successful fintech system requires that internal and external due dili-
gence be effective. The due diligence process includes controlling the performance of 
some key points during the process (Degerli 2019). First, in this regard, the target com-
pany’s financial situation should be evaluated effectively. An appropriate understanding 
of the company’s financial performance contributes to the fintech system’s effectiveness 
(Boratyńska 2019). Within this framework, companies’ commercial due diligence should 
be conducted. For this purpose, companies’ performance in meeting customer expecta-
tions and generating innovative products should be considered (Fenwick et al. 2018). In 
contrast, technical due diligence includes assessing the company’s technological power. 
In this context, the sufficiency of the company’s information technology system should 
be examined (Gozman et al. 2018).
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During the due diligence evaluation, different factors should obviously be analyzed at 
the same time, such as customer, finance, and technical effectiveness. Hence, this analy-
sis is understood to be similar to the balanced scorecard evaluation. The balanced score-
card methodology aims to evaluate a company’s or department’s performance in multiple 
ways. In this context, analyzing both financial and nonfinancial aspects of the company 
is considered this method’s most important advantage (Benková et  al. 2020). The bal-
anced scorecard approach has four different dimensions: finance, customer, internal pro-
cess, and learning and growth. Regarding the financial dimension, companies’ balanced 
sheets and income statements are evaluated (Hu et al. 2019a, b). Moreover, the customer 
dimension provides information on how the company is successful in meeting customer 
expectations (Delen et al. 2020). Additionally, the internal process dimension includes 
the effectiveness of the communication between departments. Finally, the learning and 
growth dimensions focus on companies’ growth capacities. Therefore, the due diligence 
evaluation is viewed as having strong similarities with the balanced scorecard approach 
(Moraga et al. 2020).

To address the uncertainties, the first unresolved effort was made by Zadeh (1996). 
Since then, fuzzy sets have been applied in many areas, such as decision making (Ekel 
2002), medical diagnosis (Yao and Yao 2001), and pattern recognition (Pedrycz 1990). 
Many extensions to fuzzy sets have been introduced, such as rough sets (Pawlak 1982), 
soft sets (Molodtsov 1999), intuitionistic fuzzy sets (Atanassov 1999), linear diophantine 
fuzzy sets (Riaz and Hashmi 2019), bipolar valued fuzzy sets (Lee 2000), bipolar soft sets 
(Shabir and Naz 2013; Mahmood 2020), and picture fuzzy sets (Cuong and Kreinovich 
2013) in recognition of the importance of the fuzzy of fuzzy sets. Although all of these 
extensions have their advantages, the notion of picture fuzzy set has gained much more 
attention from researchers relative to others; see Riaz et al. (2021), Mahmood and Ali 
(2020), and Jan et al. (2019). However, the dependency of the membership grade causes 
the abstinence grade and nonmembership grade to fail when the sum of these grades 
exceeds 1. Mahmood et al. (2019) introduced the notion of spherical fuzzy sets to over-
come this problem. This notion received significant attention by researchers given its 
diverse nature (Ullah et al. 2020; Ashraf and Abdullah 2019; Ali et al. 2020a,b). There-
fore, keeping with the view of the importance and applications of spherical fuzzy sets in 
real-life problems in information sciences, medical diagnosis, and decision making, we 
have decided to use spherical fuzzy sets to handle the problem.

This study aims to evaluate fintech-based financial alternatives of green energy invest-
ments by considering balanced scorecard perspectives. In this framework, a novel 
two-stage model has been generated. In the first stage, the consensus results of multidi-
mensional due diligence for fintech-based financing alternatives of green energy invest-
ment projects are calculated. For this purpose, consensus-based group decision-making 
methodology is considered. The second phase includes the generation of the impact-
relation directions of consensus-based multidimensional due diligence for fintech-based 
financing alternatives of green energy investment projects. Within this context, the 
spherical fuzzy DEMATEL methodology is used. During this process, balanced score-
card perspectives are weighted for four different fintech-based financial alternatives.

The most important contribution of this study is identifying the significant points 
for green energy investment companies according to different fintech-based financing 



Page 4 of 31Liu et al. Financ Innov            (2021) 7:72 

alternatives using a novel methodology. Additionally, this proposed model has some 
novelties. First, considering a consensus-based group decision-making methodology 
provides some advantages. During the decision-making process, the biggest problem is 
that experts can have different opinions of the factors (Liu and Pedrycz 2020), decreasing 
the effectiveness of this process. This problem can be minimized using a feedback mech-
anism for the consensus methodology (Zhang et al. 2018). Second, another important 
advantage of this proposed model is considering spherical fuzzy sets during the evalu-
ation process to enable consideration of membership, nonmembership, and hesitancy 
parameters (Mathew et al. 2020). Therefore, more appropriate results can be achieved 
with the help of these fuzzy sets (Kutlu Gündoğdu and Kahraman 2019).

Furthermore, using the balanced scorecard methodology provides the opportunity to 
include both financial and nonfinancial issues during the evaluation process (Benková 
et al. 2020). Thus, a more effective due diligence evaluation can be made. In addition, 
a comparison in the literature of similar approaches shows that the DEMATEL model 
has some superiority. This model can be used to generate an impact-relation map of the 
criteria (Zhang et al. 2020; Yuan et al. 2021; Kou et al. 2021). Therefore, the causal rela-
tionship among the items can also be identified, in addition to weighting the criteria, 
by considering the DEMATEL methodology (Fang et al. 2021; Yuan et al. 2020; Meng 
et al. 2021a, b). Additionally, the results of this study provide significant strategies for 
both policymakers and investors regarding the financial alternatives of green energy 
investments. Moreover, using multicriteria decision-making models to solve this prob-
lem helps achieve more effective results (Suroso et al. 2021; Basilio et al. 2018). Given 
the advantages of these methods, many different researchers used these techniques in 
the literature for similar subjects (Marqués Marzal et al. 2020; Mitkova and Mlynarovič 
2019).

The remainder of this study is constructed as follows. In section two, a comprehen-
sive literature evaluation was conducted. Hence, gaps in the literature can be identi-
fied. The third section of this study includes the methodological information about the 
approaches used in this study. Additionally, the details of the proposed model are pro-
vided in this section. The fourth section provides information about the analysis results. 
In the final section, the conclusion and discussion are presented.

Literature review
In this section, first, the literature is reviewed regarding green energy finance. Second, 
some studies on fintech applications are summarized. Finally, the results of the literature 
review are discussed.

Literature on green energy finance

Green energy investments have high initial costs. This situation poses a major obstacle 
to increasing these investments (Plutshack et al. 2019; Iryna et al. 2020). Therefore, the 
necessary state support should be given to these projects in a significant number of the 
studies (Mirzania et al. 2019; Heuër 2017). In this framework, some researchers argued 
that green energy investors should be provided with tax cuts. Karimi et al. (2018), San-
groya and Nayak (2017), and Yang et al. (2019a, b) also reached the conclusion that tax 
reduction has a powerful impact on improvements to green energy investment projects. 
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In contrast, Grafström et al. (2020) focused on the effectiveness of green energy projects 
in 12 different European countries. The result of the panel data analysis identified that 
governments should provide the necessary support to research and development studies 
on green energy projects. Additionally, Jin et al. (2019), Stucki (2019), and Hughes and 
Meckling (2017) also underlined the significance of this issue for green energy invest-
ment projects. Geddes et al. (2018) aimed to examine green energy investment projects 
in Australia, the UK, and Germany. Within this framework, interviews were conducted 
for 52 different green energy investment companies in these countries. The analysis 
results indicate that the most effective way to finance these investments is through gov-
ernment support. For this purpose, they recommended that a state investment bank 
should be developed that can provide necessary fund support to these companies. Sim-
ilarly, Zhang (2020) and Zhou et  al. (2020) highlighted that state banks should play a 
more effective role in financing green energy investment projects.

According to some researchers, government support will not be sufficient to increase 
green energy investments. In this context, private banks operating in the country should 
also play an active role in this process (Opeyemi et al. 2019; Khan and Singh 2017; Tan 
et al. 2019). Because the principal and interest payments are predetermined, regulating 
the company’s cash flow can be much easier (Kutan et al. 2018; Taghizadeh-Hesary et al. 
2020). In contrast, even if green energy investments fail, this debt must be paid on time. 
Therefore, this is considered one of the biggest disadvantages of bank loans because 
high interest rates increase the amount of debt (Chang et  al. 2019; Vand et  al. 2019). 
Egli et al. (2018) focused on the financing conditions for green energy technologies. For 
this purpose, 133 representative utility-scale photovoltaic and onshore wind projects 
in Germany were considered. They underlined that bank loans are mainly preferred to 
finance these green energy projects. Hence, they claimed that high interest rates nega-
tively affect the development of these projects. In addition to this study, Lyu and Shi 
(2018) researched financing efficiency assessments for the green energy industry. In this 
context, an evaluation was conducted with the help of the data envelopment analysis 
that indicated that the companies should mainly provide debt financing relative to equity 
financing. Moreover, Best (2017) attempted to examine ways to improve green energy 
projects. The largest barrier behind the improvements of these projects is the high initial 
cost. Therefore, the conclusion reached is that private bank loans should be increased to 
support wind energy projects.

In contrast, some researchers also underlined the importance of effective risk manage-
ment in the financing process of green energy investments. Mazzucato and Semieniuk 
(2018) evaluated the financing alternatives of green energy investments. They high-
lighted the significance of risk management in this framework. For this purpose, they 
reached the conclusion that private investors mainly prefer low-risk investments. Hence, 
if the clean energy projects have long maturity and high initial costs, public financing 
sources should be considered. Moreover, Polzin et al. (2019) reviewed the effectiveness 
of the policies regarding improvements in green energy projects. For this purpose, the 
risks and returns are evaluated. Additionally, in this regard, 96 different studies in the 
literature are examined and concluded that necessary policy implications should be 
designed for the development of private financing for green energy projects. Because 
this situation minimizes the risks in this process, the financing costs can be minimized 
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more effectively. Similarly, Sweerts et al. (2019) examined the green energy potential of 
African countries and defined that the cost effectiveness of these projects should be pro-
vided to develop green energy investments. For this purpose, investors should prioritize 
implementations of financial de-risking. Moreover, Steffen (2018) examined the impor-
tance of project finance for green energy investment projects. In this study, nonrecourse 
project finance techniques are recommended to improve these projects. They claimed 
that the risks of these projects could be handled more effectively with the help of this 
implementation.

Literature on fintech implementations

Fintech refers to using technology to improve financial services. The most important 
goal in this process is to increase customer satisfaction through facilities provided by 
technological developments (Lee and Shin 2018; Sun et al. 2021; Sarkodie et al. 2021). 
This situation is predicted to improve financial services. Such advantages enable fin-
tech applications to significantly contribute to increases in investments in the country 
(Gomber et  al. 2018; Dorfleitner et  al. 2017a, b; Meng et  al. 2021a, b). Anshari et  al. 
(2019) focused on the impacts of fintech applications on the performance of the agricul-
ture industry. They identified that these implementations provide innovative financial 
solutions for the broader agriculture ecosystem. Therefore, they concluded that fintech 
applications have a powerful impact on the sustainability of the agricultural industry. 
Additionally, Gimpel et al. (2018) claimed that fintech implementations are very help-
ful to satisfy customer expectations. Moreover, Fosso Wamba et  al. (2020) identified 
that fintech has a positive influence on supply chain performance. However, Jagtiani 
and Lemieux (2019), Hu et al. (2019a, b), and Dorfleitner et al. (2017a, b) underlined the 
importance of data security for the sustainable success of fintech implementations.

Literature on methodology

Multicriteria decision-making models became more popular, especially in recent years. 
Many researchers considered these approaches and focused on different industries, such 
as banking (Liang et  al. 2019; Dincer 2019; Dinçer and Yüksel 2018), tourism (Nilashi 
et  al. 2019; Wu et  al. 2018; Tian et  al. 2020) and (İlbahar et  al. 2018; Rajak and Shaw 
2019; Li et al. 2017). In some studies, these methods were also considered for the energy 
industry (Teo et al. 2020; Alkan and Albayrak 2020; Thangaramya et al. 2019; Zhao et al. 
2021). Moreover, the balanced scorecard approach was also preferred in many studies 
for different purposes. For example, Owusu (2017), Dinçer and Yüksel (2019a, b), and 
Dinçer et  al. (2019) evaluated the banking sector’s performance with the assistance of 
the balanced scorecard approach. Additionally, some studies considered the balanced 
scorecard approach for the healthcare industry (Leksono et al. 2019; Rahimi et al. 2017; 
Janbazi et al. 2019). Furthermore, Dinçer et al. (2017), Khairat (2017), and Karun Kumar 
and Kesava Rao (2020) examined the performance of the airline industry given this 
methodology.

Results of the literature review

The literature analysis enabled some important results to be reached. First, green energy 
investments have become very popular, especially in recent years. A significant increase 
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was observed in the number of studies conducted on this subject. In addition, an exami-
nation of these studies led to the understanding that the most important obstacle to the 
development of green energy projects is high costs. In this context, these costs should be 
reduced through efficient financing resources. In this context, fintech applications play a 
very important role in achieving this goal. These applications make it possible to contribute 
to the reduction of high costs—one of the most important problems of green energy invest-
ments. However, the number of studies in the literature on fintech applications in green 
energy investments is quite limited. This study aimed to evaluate fintech-based financial 
alternatives for green energy investment projects. In this context, a novel model was pro-
posed that includes two different stages. First, the consensus results of multidimensional 
due diligence for fintech-based financing alternatives of green energy investment projects 
are constructed. For this purpose, consensus-based group decision-making methodology 
is considered. Second, the next stage includes illustrating the impact-relation directions of 
consensus-based multidimensional due diligence for fintech-based financing alternatives of 
green energy investment projects. In this scope, the spherical fuzzy DEMATEL methodol-
ogy is considered.

Methodology
This section first includes the details of group decision making with consensus. Subse-
quently, the spherical fuzzy sets are discussed. After that, necessary information is given 
with respect to the DEMATEL approach. In the final part, the proposed model is detailed.

Group decision making with consensus

One of the most significant difficulties regarding the decision-making process is the differ-
ent expert evaluations. This situation has a negative influence on the effectiveness of this 
process. Therefore, the concept of consensus plays a key role in solving this problem. With 
respect to the group decision-making approach, the feedback mechanism is implemented 
to reach more appropriate results. In this context, a fuzzy preference relation (P) indicates 
the relation degrees of the factors as described in Eq. (1). In this equation, µp represents the 
membership function (Xu et al. 2019).

In the next step, the corresponding fuzzy preferences (CP) are calculated using Eq. (2).

After that, the consistency levels (CL) are computed with the help of Eqs.  (3) and (4) 
(Dong et al. 2018).

(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)
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The global consistency level (GCL) is calculated using Eq. (5) (Zhang et al. 2018).

Subsequently, similarity matrixes are calculated with the help of Eqs.  (6) and (7). In 
these equations, eh and el provide information about the pairs of experts, and φ repre-
sents the aggregation function.

In addition, the global consensus degrees (CR) among the decision makers are calcu-
lated using Eq. (8) (Liu and Pedrycz 2020).

Moreover, consensual degrees ( Zh
ik) are computed using Eq. (9).

In this framework, δ indicates the control parameter of consistency and consen-
sus degrees. This value is defined as 0.75 in this study to identify the importance of 
consensus between decision makers. Subsequently, the collective fuzzy preference 
relations(Pc

ik ) are computed using Eqs. (10)–(12) (Zhang et al. 2018). Within this frame-
work, σ provides information about the permutation of{1, . . . ,m},Zσ(h)

ik ≥ Z
σ(h+1)

ik  , 
∀h = 1, . . . ,m− 1. Moreover, 〈Zσ(h)

ik ,Pσ(i)〉 states a two-tuple with Zσ(h)
ik  having the hth 

largest value in 
{

Z1
ik , . . . ,Z

m
ik

}

.

In the following step, the proximity levels ( PPh
ik ) and the relation among criteria (Prh ) 

are generated as in Eqs. (13) and (14).

(5)GCL =

∑n
i=1 CLi

n

(6)SMhl
ik = 1−

∣

∣

∣
Ph
ik − Pl

ik

∣

∣

∣

(7)SMik = φ

(

SMhl
ik

)

(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 ifr < a
r−a
b−a

ifa ≤ r ≤ b

1 fr > a

(13)PPh
ik = 1−

∣

∣

∣
Ph
ik − Pc

ik

∣

∣

∣
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Additionally, the consensus control level (CCL) is calculated. This value is used 
to determine whether a consensus is reached by the decision makers. In this process, 
Eq. (15) is considered (Xu et al. 2019).

Within this context, threshold value (γ ) is used, and this value is generally consid-
ered to be 0.85. During this process, the feedback mechanism is implemented to enable 
the values to be revised. This process is continued until the CCL value rises above the 
threshold. Within this scope, the values of EXPCH, ALT, and APS are calculated as in 
Eqs. (16)–(18) (Dong et al. 2018).

Spherical fuzzy sets

Spherical fuzzy sets ( ÃS ) are the generalized form of Neutrosophic and Pythagorean 
fuzzy numbers. The aim is to use the hesitancy degree of the fuzzy set with these sets. 
Within this context, μ provides information on the membership, and ν indicates the 
nonmembership functions. Additionally, the hesitancy parameter is shown as π. Equa-
tions (19) and (20) demonstrate the details of this process (Kutlu Gündoğdu and Kahra-
man 2019).

Similarly, Fig. 1 indicates the details of the membership, nonmembership, and hesitant 
degrees (Ashraf et al. 2019).

In this framework, X1 and X2 state two different universes. Moreover, 
ÃS = (µÃS

, vÃS
,πÃS

) and B̃S = (µB̃S
, vB̃S

,πB̃S
) represent two spherical fuzzy sets. Equa-

tions (21)–(24) provide information about this process (Mathew et al., 2020).

(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

}

(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)ÃS =
{

u, (µÃS
(u), vÃS

(u),πÃS
(u))|u ∈ U

}

(20)0 ≤ µ2

ÃS
(u)+ v2

ÃS
(u)+ π2

ÃS
(u) ≤ 1, ∀u ∈ U

(21)

ÃS⊕B̃S =

{

(

µ2

ÃS
+ µ2

B̃S
− µ2

ÃS
µ2

B̃S

)
1
2
, vÃS

vB̃S
,

((

1− µ2

B̃S

)

π2

ÃS
+

(

1− µ2

ÃS

)

π2

B̃S
− π2

ÃS
π2

B̃S

)
1
2

}
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In the final step, the spherical weighted arithmetic mean operator is calculated using 
Eq. (25).

DEMATEL

The DEMATEL methodology aims to compute the weights of the different factors. The 
main advantage of this approach is that it develops an impact-relation map. This analysis 

(22)

ÃS ⊗ B̃S =

{

(

µÃS
µB̃S

, (v2
ÃS

+ v2
B̃S

− v2
ÃS
v2
B̃S

)
1
2
,

((

1− v2
B̃S

)

π2

ÃS
+

(

1− v2
ÃS

)

π2

B̃S
− π2

ÃS
π2

B̃S

)
1
2

}

ÃS ⊗ B̃S
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Fig. 1 Illustration of spherical fuzzy sets
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facilitates making causal evaluations among the criteria. In the analysis process, first, 
experts’ evaluations are collected. Subsequently, the direct relation matrix (A) is defined 
as in Eq. (26) using these evaluations (Jun et al. 2020).

Subsequently, the normalization process is applied to this matrix with the help of 
Eqs. (27) and (28).

Next, total relation matrix (C) is generated by considering Eq. (29). Within this con-
text, the identity matrix is indicated by I (Qiu et al. 2020).

Furthermore, the sums of the rows and columns (D and E) are computed by consider-
ing Eqs. (30) and (31) (Zhang et al. 2020).

Given this scope, the item weights are defined using the values of D + E. Moreover, a 
causal relationship is defined with the help of the value of D–E. In addition, the thresh-
old value (α) is used as in Eq. (32) to develop the impact-relation map (Yuan et al. 2020).

Proposed model

This study aims to evaluate the multidimensional due diligence of fintech-based financial 
alternatives for green energy investment projects. For this purpose, a two-stage model 
was generated. Figure 2 illustrates the details of this proposed model.

Figure  2 shows that the first phase includes the construction of the consensus 
results of multidimensional due diligence for fintech-based financing alternatives 
of green energy investment projects. For this purpose, the multidimensional factors 
of due diligence for fintech-based financing alternatives of green energy investment 
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projects are determined. In the next step, experts are appointed for the multidimen-
sional due diligence evaluations. Next, the linguistic preferences are collected for 
fintech-based financing alternatives. Subsequently, fuzzy preferences are provided for 
the criteria. With the help of these values, the CL of the criteria is constructed, and 
the consensual degrees are computed. In the next step, the proximity levels are deter-
mined. Finally, the feedback mechanism is used to reach the satisfied CCL. Moreover, 
the second phase is related to illustrating the impact-relation directions of consen-
sus-based multidimensional due diligence for fintech-based financing alternatives 
of green energy investment projects. Within this framework, the consensus-based 
membership, nonmembership, and hesitant degrees are generated for the spherical 
fuzzy sets. Subsequently, the defuzzied relation matrix is generated. In the following 
step, the normalized relation and total relation matrixes are developed. By consider-
ing these values, the weights of the consensus-based multidimensional due diligence 
for fintech-based financing alternatives of green energy investment projects are cal-
culated. Similarly, the directions among the criteria by the fintech-based financing 
alternatives are also constructed with the help of these values.

This proposed model has some novelties. The most significant problem in the 
decision-making process is having different expert evaluations. This condition has 

Fig. 2 Algorithm of the hybrid decision support system
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a negative influence on the effectiveness of this process. For the consensus-based 
group decision-making methodology, the feedback mechanism can be applied to ena-
ble experts to reach a consensus (Liu and Pedrycz 2020). This situation provides the 
positive contribution of achieving more effective results (Zhang et al. 2019). In some 
previous models from the literature, the consensus methodology was not preferred 
(Dinçer et al. 2017; Ubay and Karakuş 2020a, b; Kalkavan et al. 2021). In these mod-
els, decision makers might provide different opinions about some factors. During the 
analysis process, the average of these factors was considered. However, if the consen-
sus methodology was applied, the possibility exists that some of the experts might 
change their opinions (Zhang et  al. 2019). In addition, considering spherical fuzzy 
sets in the analysis process provides some advantages. Membership, nonmembership, 
and hesitancy parameters can be considered with the help of these fuzzy sets (Kutlu 
Gündoğdu and Kahraman 2019). This situation has a positive influence on the effec-
tiveness of the analysis results (Ashraf et  al. 2019). Some different fuzzy sets were 
also preferred in the previous models in the literature. For instance, Wang and Kum-
basar (2019), Li et al. (2020), and Qin et al. (2020) used interval type-2 fuzzy sets in 
their analyzes. The main advantage of these models is to more effectively handle the 
uncertainty in the decision-making process. However, the main superiority of spheri-
cal fuzzy sets relative to interval type-2 fuzzy sets is to consider different parame-
ters at the same time. This situation can be very helpful in reaching more appropriate 
results. Moreover, in this model, the criteria are defined by considering different 
balanced scorecard perspectives. Because of this situation, both financial and non-
financial issues are considered in the evaluation process (Delen et al. 2020). Thus, an 
effective due diligence evaluation can be performed to examine fintech-based finan-
cial alternatives (Moraga et al. 2020). Finally, with the help of the DEMATEL meth-
odology, the impact-relation map can be developed (Qiu et al. 2020). This situation is 
helpful for a causality analysis between the criteria (Yuan et al. 2020).

Analysis
This section includes explanations of the analysis results for two different phases.

Constructing the consensus results of multidimensional due diligence for fintech‑based 

financing alternatives of green energy investment projects (phase 1)

In this phase, first, the multidimensional factors of due diligence for fintech-based 
financing alternatives of green energy investment projects are defined. For this purpose, 
the balanced scorecard perspectives are considered. Table  1 provides information on 
these criteria.

Table 1 shows that mainly four different criteria exist that influence the effectiveness 
of green energy investments. Financial returns (C1) aim to provide cost efficiency and 
increasing investment profits. Moreover, regarding customer expectations (C2), having 
the capacity to customize services and products of green energies is significant. Addi-
tionally, organizational competency (C3) includes the consistency of personnel and 
other organizational assets for the strategic success of projects. Finally, regarding market 
competency (C4), monitoring innovations and benchmarking renewable energy alterna-
tives for sustainable investments are considered. These four criteria are used to evaluate 
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the different fintech-based financing alternatives. In summary, the main hypothesis of 
the study is that financial returns, meeting customer expectations, organizational com-
petency, and market competency positively affect the performance of green energy 
investment projects. However, green energy investment companies have a budget limita-
tion, making it difficult to effectively focus on these four criteria at the same time. There-
fore, in this study, these criteria are weighted. This analysis makes it possible to identify 
more significant factors to improve green energy investments. Therefore, strategies for 
more priority issues can be developed.

In this study, four different fintech-based financing alternatives are considered. First, 
a revenue sharing model can be considered for this purpose. This model reflects roy-
alty payments based on sales performance (Yang et al. 2019a, b). In contrast, a peer-to-
business debt model includes borrowing with a risk premium. The third fintech-based 
financing model is an equity sharing model that considers providing equity shares with 
shareholder rights (Alzoubi 2018). The rewarding model is the final approach in this 
regard. This model aims to provide projects’ products and services at preorder prices 
(Harish et  al. 2020). In this study’s analysis process, the criteria, which are stated in 
Table  1, are evaluated for each fintech-based financing alternatives. To evaluate these 
factors, four different experts are appointed, and their details are provided in Table 2.

Table  2 shows that the experts have sufficient knowledge to evaluate green energy 
investment factors. The linguistic preferences for fintech-based financing alternatives 
are collected from these experts. For this purpose, the linguistic scales and fuzzy prefer-
ence numbers, as provided in Table 3, are used.

Experts’ evaluations regarding fintech-based financing alternatives are indicated in 
Table 4.

Next, consensus-based group decision-making analyses are performed. In this 
framework, the details of the calculation of the revenue sharing model are presented 
below. Additionally, only the analysis results of the other fintech-based financing 

Table 1 Balanced scorecard-based multidimensional due diligence for green energy investment 
projects

Balanced scorecard principles Adopted criteria Supported literature

Finance Financial returns (C1) Fianto et al. (2018), Alzoubi (2018)

Customer Customer expectations (C2) Delen et al. (2020), Boratyńska (2019)

Internal Process Organizational competency (C3) Bu et al. (2021), Bertheau (2020)

Learning and growth Market competency (C4) Anshari et al. (2019), Gimpel et al. (2018)

Table 2 Details of experts

Experts Industry Experience Position Education

Expert 1 Financial Institutions and 
Asset Management

22 years Chairman Business Engineering

Expert 2 Energy 25 years Present Industrial Engineering

Expert 3 Construction 18 years Senior Vice Present Civil Engineering

Expert 4 Manufacturing 16 years Senior Vice Present Industrial Engineering
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alternatives are shared. Table  5 provides information on the fuzzy preference rela-
tions for the revenue sharing model.

Additionally, the corresponding fuzzy preference relations for the revenue sharing 
model are demonstrated in Table 6.

In the following step, the CL of the criteria are calculated. Table  7 indicates the 
details of decision-makers’ CL for the revenue sharing model.

The GCL for the revenue sharing model is 0.87. The same procedure is applied for 
the other models, and the global consistency levels are computed as 0.90 for the peer-
to-business debt model, 0.88 for the equity sharing model, and 0.91 for the rewarding 
model. Next, the similarity matrixes are calculated. Table 8 explains the details of the 
similarity matrixes with respect to the revenue sharing model.

Furthermore, the collective similarity matrix for the revenue sharing model is indi-
cated in Table 9.

In the following step, the consensual degrees are calculated. The global consensus 
degree (CR) is computed as 0.83 for the revenue sharing model. Similarly, the global 
consensus degree is also computed for the peer-to-business debt model as 0.93; for 
the equity sharing model as 0.89; and for the rewarding model as 0.90. Table 10 pro-
vides information on the consensual fuzzy preference degrees for the revenue sharing 
model.

Additionally, the collective fuzzy preference relations for the revenue sharing model 
are detailed in Table 11.

Furthermore, the proximity levels are identified. Table  12 indicates the proximity 
levels for the revenue sharing model.

The CCL value for the revenue sharing model is 0.84. A similar procedure is also 
properly applied for the remaining models. The CCL values are calculated as 0.88 for 
the peer-to-business debt model, 0.80 for the equity sharing model, and 0.90 for the 
rewarding model. Subsequently, the feedback mechanism is implemented to achieve a 
satisfied CCL. Consensus-based group fuzzy preferences are controlled by consider-
ing the value of 0.85 as a threshold for the CCL. Once the CCL is lower than the value 
of the threshold, the following round consensus reaching model is repeated. There-
fore, the revised consensus processes continue until the value reaches 0.85. Accord-
ingly, the feedback mechanism is applied. The peer-to-business debt and rewarding 
models exceed the threshold value with the values of 0.88 and 0.90, and the fuzzy 
preference relations for the peer-to-business debt and rewarding models can be 

Table 3 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 4 Linguistic evaluations for fintech-based financing alternatives

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

Revenue sharing model

C1 – H M M C1 – VH S H

C2 H – VH M C2 VH – H M

C3 H VH – VH C3 H H – H

C4 M S M – C4 H M VH –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

Revenue sharing model

C1 – S M S C1 – H M S

C2 VH – M M C2 M – H M

C3 M VH – H C3 M M – H

C4 M S H – C4 S S H –

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

Business debt model

C1 – H H H C1 – M S M

C2 M – VH M C2 H – H M

C3 H M – H C3 H H – H

C4 H S M – C4 H M H –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

Business debt model

C1 – H M M C1 – M M M

C2 VH – M M C2 H – H M

C3 H H – M C3 M M – H

C4 M S H – C4 H VH H –

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

Equity sharing model

C1 – M H H C1 – VH H M

C2 M – VH VH C2 H – H M

C3 VH M – M C3 VH M – S

C4 VH S H – C4 M M H –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

Equity sharing model

C1 – H M M C1 – H S VH

C2 H – H M C2 VH – S H

C3 M H – VH C3 H M – H

C4 H S H – C4 H H M –
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Table 4 (continued)

Decision maker 1 Decision maker 2

DM1 C1 C2 C3 C4 DM2 C1 C2 C3 C4

Rewarding model

C1 – H M H C1 – H M M

C2 VH – VH H C2 H – H VH

C3 M M – H C3 M H – H

C4 H H M – C4 H M H –

Decision maker 3 Decision maker 4

DM3 C1 C2 C3 C4 DM4 C1 C2 C3 C4

Rewarding model

C1 – H M M C1 – H M H

C2 H – M M C2 VH – H H

C3 M H – M C3 H H – H

C4 H H H – C4 M H H –

Table 5 Fuzzy preference relations for revenue sharing model

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.70 0.50 0.50 C1 – 0.90 0.30 0.70

C2 0.70 – 0.90 0.50 C2 0.90 – 0.70 0.50

C3 0.70 0.90 – 0.90 C3 0.70 0.70 – 0.70

C4 0.50 0.30 0.50 – C4 0.70 0.50 0.90 –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.30 0.50 0.30 C1 – 0.70 0.50 0.30

C2 0.90 – 0.50 0.50 C2 0.50 – 0.70 0.50

C3 0.50 0.90 – 0.70 C3 0.50 0.50 – 0.70

C4 0.50 0.30 0.70 – C4 0.30 0.30 0.70 –

Table 6 Corresponding fuzzy preference relations for revenue sharing model

Decision maker 1 Decision maker 2

CP1 C1 C2 C3 C4 CP2 C1 C2 C3 C4

C1 – 0.47 0.53 0.67 C1 – 0.47 0.73 0.47

C2 0.67 – 0.47 0.73 C2 0.67 – 0.57 0.63

C3 0.73 0.67 – 0.67 C3 0.63 0.67 – 0.67

C4 0.47 0.53 0.47 – C4 0.77 0.73 0.47 –

Decision maker 3 Decision maker 4

CP3 C1 C2 C3 C4 CP4 C1 C2 C3 C4

C1 – 0.50 0.27 0.43 C1 – 0.37 0.63 0.63

C2 0.50 – 0.73 0.57 C2 0.57 – 0.53 0.53

C3 0.87 0.33 – 0.60 C3 0.43 0.53 – 0.47

C4 0.63 0.57 0.40 – C4 0.43 0.53 0.47 –
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considered consensus-based preferences because of the satisfied CCLs. The consen-
sus-based fuzzy preference relations are presented for the peer-to-business model in 
Table 13.

These values regarding the rewarding models are represented in Table 14.
However, the CCL values, at 0.84 and 0.80, respectively, illustrate that revenue and 

equity sharing models do not satisfy the consensus control level and need for the sec-
ond-round process for reaching the consensus level. The evaluation process of revenue 

Table 7 Decision-makers’ consistency levels for revenue sharing model

Decision maker 1  (CL1:0.89) Decision maker 2  (CL2:0.86)

CL1 C1 C2 C3 C4 CL2 C1 C2 C3 C4

C1 – 0.84 0.98 0.89 C1 – 0.71 0.71 0.84

C2 0.98 – 0.71 0.84 C2 0.84 – 0.91 0.91

C3 0.98 0.84 – 0.84 C3 0.96 0.98 – 0.98

C4 0.98 0.84 0.98 – C4 0.96 0.84 0.71 –

Decision maker 3  (CL3:0.83) Decision maker 4  (CL4:0.89)

CL3 C1 C2 C3 C4 CL4 C1 C2 C3 C4

C1 – 0.87 0.84 0.91 C1 – 0.78 0.91 0.78

C2 0.73 – 0.84 0.96 C2 0.96 – 0.89 0.98

C3 0.76 0.62 – 0.93 C3 0.96 0.98 – 0.84

C4 0.91 0.82 0.80 – C4 0.91 0.84 0.84 –

Table 8 Similarity matrixes for revenue sharing model

DM1‑DM3 DM1‑DM4

SM13 C1 C2 C3 C4 SM14 C1 C2 C3 C4

C1 0.60 1.00 0.80 C1 1.00 1.00 0.80

C2 0.80 0.60 1.00 C2 0.8 0.80 1.00

C3 0.80 1.00 0.80 C3 0.80 0.60 0.80

C4 1.00 1.00 0.80 C4 0.8 1.00 0.80

DM2‑DM3 DM2‑DM4

SM23 C1 C2 C3 C4 SM24 C1 C2 C3 C4

C1 0.40 0.80 0.60 C1 0.80 0.80 0.60

C2 1.00 0.80 1.00 C2 0.60 1.00 1.00

C3 0.80 0.80 1.00 C3 0.80 0.80 1.00

C4 0.80 0.80 0.80 C4 0.60 0.80 0.80

Table 9 Collective similarity matrix for revenue sharing model

SM C1 C2 C3 C4

C1 0.70 0.90 0.70

C2 0.80 0.80 1.00

C3 0.80 0.80 0.90

C4 0.80 0.90 0.80
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and equity sharing models is repeated for the second round. The second-round fuzzy 
preferences are provided in Table 15 for revenue sharing models.

The CCL value for the second-round fuzzy preferences of the revenue sharing model 
is 0.85, which satisfies the consensus-based results. Thus, the next round evaluation 
process will not be applied, and the results are considered as consensus-based fuzzy 
preference relations for the revenue sharing model. Table 16 explains the details of the 
second-round fuzzy preferences for the equity sharing model.

Table 10 Consensual fuzzy preference degrees for revenue sharing model

Decision maker 1 Decision maker 2

Z1 C1 C2 C3 C4 Z2 C1 C2 C3 C4

C1 0.81 0.94 0.82 C1 0.68 0.78 0.71

C2 0.84 0.73 0.96 C2 0.81 0.88 0.98

C3 0.89 0.81 0.81 C3 0.89 0.84 0.94

C4 0.89 0.91 0.79 C4 0.79 0.81 0.73

Decision maker 3 Decision maker 4

Z3 C1 C2 C3 C4 Z4 C1 C2 C3 C4

C1 0.62 0.91 0.83 C1 0.79 0.93 0.79

C2 0.78 0.76 0.99 C2 0.74 0.87 0.99

C3 0.84 0.76 0.93 C3 0.89 0.74 0.91

C4 0.88 0.91 0.85 C4 0.78 0.91 0.86

Table 11 Collective fuzzy preference relations for revenue sharing model

Pc C1 C2 C3 C4

C1 0.75 0.90 0.80

C2 0.81 0.79 0.97

C3 0.88 0.80 0.87

C4 0.85 0.89 0.80

Table 12 Proximity levels for revenue sharing model

Decision maker 1 (Pr1 : 0.75) Decision maker 2 (Pr2 : 0.78)

PP1 C1 C2 C3 C4 PP2 C1 C2 C3 C4

C1 0.95 0.60 0.70 C1 0.85 0.40 0.90

C2 0.89 0.89 0.53 C2 0.91 0.91 0.53

C3 0.82 0.90 0.97 C3 0.82 0.90 0.83

C4 0.65 0.41 0.70 C4 0.85 0.61 0.90

Decision maker 3 (Pr3 : 0.68) Decision maker 4 (Pr4 : 0.67)

PP3 C1 C2 C3 C4 PP4 C1 C2 C3 C4

C1 0.55 0.60 0.50 C1 0.95 0.60 0.50

C2 0.91 0.71 0.53 C2 0.69 0.91 0.53

C3 0.62 0.90 0.83 C3 0.62 0.70 0.83

C4 0.65 0.41 0.90 C4 0.45 0.41 0.90
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Table 13 Consensus-based fuzzy preference relations for peer-to-business debt model

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.70 0.70 0.70 C1 – 0.50 0.30 0.50

C2 0.50 – 0.90 0.50 C2 0.70 – 0.70 0.50

C3 0.70 0.50 – 0.70 C3 0.70 0.70 – 0.70

C4 0.70 0.30 0.50 – 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 0.50 C1 – 0.50 0.50 0.50

C2 0.90 – 0.50 0.50 C2 0.70 – 0.70 0.50

C3 0.70 0.70 – 0.50 C3 0.50 0.50 – 0.70

C4 0.50 0.30 0.70 – C4 0.70 0.90 0.70 –

Table 14 Consensus-based fuzzy preference relations for rewarding model

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.70 0.50 0.70 C1 – 0.70 0.50 0.50

C2 0.90 – 0.90 0.70 C2 0.70 – 0.70 0.90

C3 0.50 0.50 – 0.70 C3 0.50 0.70 – 0.70

C4 0.70 0.70 0.50 – 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 0.50 C1 – 0.70 0.50 0.70

C2 0.70 – 0.50 0.50 C2 0.90 – 0.70 0.70

C3 0.50 0.70 – 0.50 C3 0.70 0.70 – 0.70

C4 0.70 0.70 0.70 – C4 0.50 0.70 0.70 –

Table 15 Second-round fuzzy preferences for revenue sharing model

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.70 0.50 0.50 C1 – 0.90 0.30 0.70

C2 0.70 – 0.90 0.91 C2 0.90 – 0.70 0.50

C3 0.70 0.90 – 0.90 C3 0.70 0.70 – 0.70

C4 0.76 0.80 0.50 – C4 0.70 0.85 0.90 –

Decision maker 3 Decision maker 4

P3 C1 C2 C3 C4 P4 C1 C2 C3 C4

C1 – 0.69 0.74 0.70 C1 – 0.70 0.84 0.75

C2 0.90 – 0.77 0.87 C2 0.50 – 0.70 0.50

C3 0.50 0.90 – 0.70 C3 0.50 0.50 – 0.70

C4 0.80 0.81 0.70 – C4 0.75 0.80 0.70 –
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The CCL value for the second-round fuzzy preferences for the equity sharing model is 
0.82, less than the threshold. The third-round evaluation should be employed to attempt 
to reach the consensus-based fuzzy preferences. The third-round fuzzy preferences are 
given for the equity sharing model in Table 17.

The CCL of third-round fuzzy preferences is higher than the threshold, with a value of 
0.86 for the equity sharing model. Thus, in the third round, the consensus-based fuzzy 
preferences are obtained for the equity sharing model. These results are also considered 
consensus-based evaluations of the equity sharing model.

Illustrating the impact‑relation directions of consensus‑based multidimensional due 

diligence for fintech‑based financing alternatives of green energy investment projects 

(phase 2)

The first step of this section includes constructing the consensus-based mem-
bership, nonmembership, and hesitant degrees for spherical fuzzy sets. The nor-
malized values of fuzzy preference relations are obtained with the boundaries of 

Table 16 Second-round fuzzy preferences for equity sharing model

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.50 0.70 0.70 C1 – 0.90 0.70 0.50

C2 0.84 – 0.90 0.90 C2 0.70 – 0.70 0.50

C3 0.90 0.50 – 0.50 C3 0.90 0.84 – 0.69

C4 0.90 0.30 0.70 – C4 0.50 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 0.50 C1 – 0.70 0.30 0.90

C2 0.70 – 0.70 0.50 C2 0.90 – 0.68 0.70

C3 0.50 0.70 – 0.90 C3 0.70 0.86 – 0.70

C4 0.70 0.75 0.70 – C4 0.70 0.70 0.50 –

Table 17 Third-round fuzzy preferences for equity sharing model

Decision maker 1 Decision maker 2

P1 C1 C2 C3 C4 P2 C1 C2 C3 C4

C1 – 0.50 0.70 0.70 C1 – 0.90 0.70 0.76

C2 0.84 – 0.90 0.90 C2 0.70 – 0.70 0.50

C3 0.90 0.50 – 0.50 C3 0.90 0.84 – 0.69

C4 0.90 0.70 0.70 – C4 0.50 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 0.50 C1 – 0.70 0.76 0.90

C2 0.70 – 0.70 0.50 C2 0.90 – 0.68 0.70

C3 0.78 0.70 – 0.90 C3 0.70 0.86 – 0.70

C4 0.70 0.75 0.70 – C4 0.70 0.70 0.50 –
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0≤ µ2
p(u)+ v2p(u)+ π2

p (u) ≤ 1 for the membership, nonmembership, and hesitant 
degrees of spherical fuzzy sets. The normalized values are computed for all fintech-
based financing alternatives, respectively. Table  18 shows the consensus-based mem-
bership, nonmembership, and hesitant degrees of spherical fuzzy sets for the revenue 
sharing model.

In the next step, the defuzzied relation matrix is developed. The following computa-
tion procedures of the spherical fuzzy DEMATEL are applied separately for fintech-
based financing alternatives, and the calculation details of the revenue sharing model 
are presented below. Moreover, only the analysis results of the other three alternatives 
are indicated. Table 19 shows the details of the defuzzied relation matrix for the revenue 
sharing model.

The following step includes the calculation of the normalized relation matrix. The 
details of this matrix with respect to the revenue sharing model are given in Table 20.

Next, the total relation matrix is developed. Table 21 indicates the details of this matrix 
regarding the revenue sharing model.

In the following step, the cause, effects, and weights of the consensus-based multidi-
mensional due diligence for fintech-based financing alternatives of green energy invest-
ment projects are calculated. Table 22 demonstrates the analysis results for fintech-based 
financing alternatives.

Table  22 indicates that, with respect to the revenue sharing model, the customer 
expectation (C2) is the most significant factor with the highest weight (0.279). Addi-
tionally, regarding the peer-to-business debt model, organizational competency (C3) 

Table 18 Consensus-based membership, nonmembership, and hesitant degrees of spherical fuzzy 
sets for revenue sharing model

S1 S2 S3 S4

μ ν π μ ν π μ ν π μ ν π

Decision maker 1

C1 0.63 0.11 0.11 0.45 0.17 0.17 0.45 0.17 0.17

C2 0.63 0.11 0.11 0.81 0.06 0.06 0.82 0.05 0.05

C3 0.63 0.11 0.11 0.81 0.06 0.06 0.81 0.06 0.06

C4 0.68 0.10 0.10 0.72 0.08 0.08 0.45 0.17 0.17

Decision maker 2

C1 0.81 0.06 0.06 0.27 0.22 0.22 0.63 0.11 0.11

C2 0.81 0.06 0.06 0.63 0.11 0.11 0.45 0.17 0.17

C3 0.63 0.11 0.11 0.63 0.11 0.11 0.63 0.11 0.11

C4 0.63 0.11 0.11 0.77 0.07 0.07 0.81 0.06 0.06

Decision maker 3

C1 0.62 0.11 0.11 0.67 0.10 0.10 0.63 0.11 0.11

C2 0.81 0.06 0.06 0.70 0.09 0.09 0.78 0.06 0.06

C3 0.45 0.17 0.17 0.81 0.06 0.06 0.63 0.11 0.11

C4 0.72 0.08 0.08 0.73 0.08 0.08 0.63 0.11 0.11

Decision maker 4

C1 0.63 0.11 0.11 0.75 0.07 0.07 0.68 0.10 0.10

C2 0.45 0.17 0.17 0.63 0.11 0.11 0.45 0.17 0.17

C3 0.45 0.17 0.17 0.45 0.17 0.17 0.63 0.11 0.11

C4 0.67 0.10 0.10 0.72 0.08 0.08 0.63 0.11 0.11
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plays the most important role. However, financial return (C1) is found to be the most 
crucial criterion with respect to the equity sharing model. Finally, customer expecta-
tion (C2) has the greatest importance as per the rewarding model. Furthermore, the 
directions are constructed among the criteria by the fintech-based financing alterna-
tives. The averaged values of the total relation matrix are considered to be the thresh-
old, and the higher values than the threshold demonstrate an impact of the criterion 
as stated in the row on the criterion for the column. Accordingly, the impact direc-
tions of the criteria are illustrated by the fintech-based financing alternatives. Figure 3 
explains the details of the revenue sharing model.

Figure  3 illustrates that market competency is the most influencing criterion 
regarding the revenue sharing model. However, customer expectation is also identi-
fied as the most influenced item. The impact-relation map for the business debt model 
is shown in Fig. 4.

Figure  4 demonstrates that financial returns are the most influenced criterion. 
Moreover, a mutual relationship exists between customer expectation and organiza-
tional competency with respect to the business debt model. Moreover, the impact-
relation map for the equity sharing model is illustrated in Fig. 5.

Figure 5 shows that financial returns is the most affected item, whereas organiza-
tional competency has an influence on the other three criteria. Finally, the impact-
relation map regarding the rewarding model is indicated in Fig. 6.

Table 19 Defuzzified relation matrix for revenue sharing model

Criteria C1 C2 C3 C4

C1 0.000 0.350 0.207 0.241

C2 0.385 0.000 0.375 0.333

C3 0.173 0.385 0.000 0.352

C4 0.336 0.429 0.306 0.000

Table 20 Normalized relation matrix for revenue sharing model

Criteria C1 C2 C3 C4

C1 0.000 0.320 0.189 0.220

C2 0.352 0.000 0.343 0.304

C3 0.158 0.352 0.000 0.322

C4 0.307 0.392 0.280 0.000

Table 21 Total relation matrix for revenue sharing model

Criteria C1 C2 C3 C4

C1 1.524 2.072 1.671 1.725

C2 2.183 2.318 2.164 2.189

C3 1.862 2.331 1.709 1.993

C4 2.152 2.589 2.119 1.945



Page 24 of 31Liu et al. Financ Innov            (2021) 7:72 

Figure  6 illustrates that all criteria have a significant impact on financial returns. 
Moreover, a bidirectional relationship is also identified between customer expectation 
and market competency.

Conclusion and discussion
This study aimed to evaluate the multidimensional due diligence of fintech-based finan-
cial alternatives for green energy investment projects. In this context, a novel model 
was generated that consisted of two different phases. The first phase was related to the 
construction of the consensus results of multidimensional due diligence for fintech-
based financing alternatives of green energy investment projects. For this purpose, a 

Table 22 Total cause, effect, and weights of multidimensional due diligence with consensus for 
fintech-based financing alternatives

Criteria D E D+E D−E Weights

Revenue sharing model

Financial returns (Criterion 1) 6.993 7.721 14.714 − 0.728 0.226

Customer expectations (Criterion 2) 8.854 9.311 18.165 − 0.456 0.279

Organizational competency (Criterion 3) 7.895 7.664 15.559 0.231 0.239

Market competency (Criterion 4) 8.805 7.852 16.656 0.953 0.256

Peer to business debt model

Financial returns (Criterion 1) 3.303 5.414 8.718 − 2.111 0.250

Customer expectations (Criterion 2) 5.032 3.984 9.015 1.048 0.258

Organizational competency (Criterion 3) 4.636 4.548 9.184 0.088 0.263

Market competency (Criterion 4) 4.498 3.524 8.021 0.974 0.230

Equity sharing model

Financial returns (Criterion 1) 5.303 6.633 11.937 − 1.330 0.266

Customer expectations (Criterion 2) 6.018 5.387 11.404 0.631 0.254

Organizational competency (Criterion 3) 6.378 5.009 11.388 1.369 0.253

Market competency (Criterion 4) 4.780 5.450 10.229 − 0.670 0.228

Rewarding model

Financial returns (Criterion 1) 1.689 2.261 3.949 − 0.572 0.241

Customer expectations (Criterion 2) 2.790 2.087 4.876 0.703 0.297

Organizational competency (Criterion 3) 1.759 1.807 3.567 − 0.048 0.217

Market competency (Criterion 4) 1.962 2.045 4.006 − 0.083 0.244

Fig. 3 Impact-relation directions of consensus-based multidimensional due diligence for revenue sharing 
model
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consensus-based group decision-making methodology was considered. The second 
phase included an illustration of the impact-relation directions of consensus-based 
multidimensional due diligence for fintech-based financing alternatives of green energy 
investment projects. During this process, the weights of the criteria were identified using 
spherical fuzzy DEMATEL. The conclusion reached is that customer expectation is the 

Fig. 4 Impact-relation directions of consensus-based multidimensional due diligence for peer-to-business 
debt model

Fig. 5 Impact-relation directions of consensus-based multidimensional due diligence for equity sharing 
model

Fig. 6 Impact-relation directions of consensus-based multidimensional due diligence for rewarding model
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most essential factor regarding the revenue sharing and rewarding models. Moreover, 
organizational competency was determined to play the most important role with respect 
to the peer-to-business debt model. In addition, financial return had the greatest impor-
tance for the equity sharing model.

Obviously, green energy investors should prioritize customer satisfaction if they prefer 
the revenue sharing and rewarding models as fintech-based financing alternatives. The 
aim of the revenue sharing model was to distribute the total income among shareholders. 
Additionally, in the rewarding model, the projects’ products and services were provided 
with preorder prices. For these two models, ensuring that investors contribute to the 
project is very important. In this context, investors seem to pay attention to the extent 
to which companies meet customer expectations. The image of companies that can pro-
vide customer satisfaction will increase positively. This positive image will help com-
panies more easily find the financing they need. In this context, green energy investors 
must first conduct a detailed analysis that can clearly determine customer expectations. 
Next, actions that can best satisfy these customer expectations must be determined and 
implemented. In this way, green energy companies become more preferred by custom-
ers, which will help more easily obtain financing sources through revenue sharing and 
rewarding models. Li et al. (2021) aimed to evaluate the strategic priorities of customer 
expectations for green energy investments. For this purpose, TRIZ-based factors are 
considered. The results found using the interval type-2 fuzzy DEMATEL showed that 
providing customer satisfaction has a crucial role in increasing the effectiveness of green 
energy investments. Additionally, Ubay and Karakuş (2020a, b), Chamandoust et  al. 
(2020), and Lee and Shepley (2020) highlighted the significance of meeting customer 
expectations for the sustainable performance of green energy investments.

In addition, if the aim of green energy investment companies is to find financial 
sources using the peer-to-business debt model, they should focus on improving organi-
zational competency. In this context, the peer-to-business debt model refers to bor-
rowing with a risk premium. The biggest disadvantage of this method is that debt and 
interest payments have to be made even if the project fails. Therefore, green energy com-
panies that prefer to find financing resources using this method should pay attention to 
the organizational effectiveness within the institution, which will contribute to both eas-
ily finding funds and easier payment of the borrowed amount through this method. For 
this purpose, the consistency of personnel and other organizational assets for the strate-
gic success of projects should be improved. In the literature, Tantau and Staiger (2020) 
and Zhou et  al. (2020) also underlined the importance of organizational effectiveness 
for improvements to green energy investment projects. Moreover, if green energy com-
panies believe that equity sharing is the best model for fintech-based financing alterna-
tives, they should attempt to increase their financial returns. Investors pay attention to 
the profitability of a green energy company when deciding to become a partner. In this 
context, for green energy investment companies that want to prefer this method to focus 
on cost efficiency would be appropriate. The importance of financial effectiveness for 
developing green energy investment projects was emphasized in the literature by differ-
ent researchers (Schabek 2020; Rastogi et al. 2020).

The most significant contribution of this study is to identify the important points 
for green energy investment companies according to different fintech-based financing 
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alternatives using a novel model that considers consensus and spherical fuzzy DEMA-
TEL approaches. Therefore, appropriate strategies can be defined for different financing 
alternatives. Nonetheless, the main limitation of this study is a general focus on green 
energy investments. However, different types of green energy alternatives exist, such as 
wind, solar, and geothermal. Therefore, in future studies, more specific evaluations can 
be conducted based on different green energy alternatives. This situation provides the 
opportunity to identify more specific strategies.
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