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Abstract 

Effective crowdfunding platforms positively contribute toward improving micro-
grid energy management systems. Therefore, a comprehensive analysis is required 
to understand the key factors responsible for success in crowdfunding systems by 
considering various criteria. This study evaluates crowdfunding platforms for microgrid 
project investments. In this context, a novel fuzzy decision-making model that includes 
two different stages is proposed. First, the selected criteria for the crowdfunding plat-
forms for microgrid project investments are evaluated. Second, alternatives, regarding 
the microgrid project investments, are ranked. In this process, a multi-stepwise weight 
assessment ratio analysis (M-SWARA) approach based on q-rung orthopair fuzzy sets 
(q-ROFSs) is considered. Intuitionistic and Pythagorean fuzzy sets are also used in the 
calculation process to make a comparative evaluation. Similarly, a sensitivity analysis 
of the ranking alternatives is also conducted with 12 different q values. All the results 
are rather similar; thus, the findings are reliable. Another model is also created for this 
purpose with the help of the decision-making trial and evaluation laboratory (DEMA-
TEL) and the technique for order preference by similarity to ideal solution methodolo-
gies to check the performance of the proposed model. It is defined that by considering 
the q-ROF DEMATEL weights, the ranking results vary for different cases. The proposed 
model with a M-SWARA is more reliable than the model created via the DEMATEL 
method. This situation provides information regarding the superiority of the model 
proposed in this study. It is concluded that security is the most important factor in 
crowdfunding platforms for smart-grid project investors. Additionally, solar panels and 
energy storage systems/batteries are the most significant alternatives for microgrid 
project investors. Necessary measures should be taken to forestall the risk of fraud that 
may occur on this platform. Therefore, the website to be established must be secure 
against possible hacking attacks. Another important conclusion of this study is that 
solar panels should be preliminarily developed to increase the effectiveness of micro-
grid systems.
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Introduction
Microgrid energy management systems refer to the generation of energy using a com-
mon grid by a group (Chen et al. 2022). Every segment in this group simultaneously pro-
duces and consumes clean energy (Sahoo and Hota 2021). Moreover, a common battery 
is available to store excess energy. If the batteries are fully charged, the excess electricity 
is supplied to the grid. However, if the energy produced in the system does not meet the 
needs of the institutions in the group, energy is demanded from the grid (Vanashi et al. 
2022). In this system, segments that have extra energy can sell this surplus to parties that 
demand more energy (Norouzi et al. 2021). Hence, one of the greatest advantages of this 
system is that excess energy can be used efficiently. Additionally, owing to this system, it 
will be possible to solve the high-cost problem, which is an important obstacle to clean 
energy investments (Ghazvini et al. 2021). This situation contributes positively toward 
increasing clean energy investments such that the carbon emission problem can be han-
dled more effectively.

Investments in microgrid energy management systems should be increased to ensure 
efficient clean energy usage. Therefore, the financing needs of these investments should 
be satisfied effectively (Atahau et al. 2021). Crowdfunding is also a mechanism that can 
facilitate the achievement of this goal by bringing project owners and investors together. 
This system promotes the project through digital platforms so that project owners can 
reach a wider investor base (Pitchay et al. 2021; Berné-Martínez et al. 2021). Several fac-
tors must be considered to design crowdfunding systems appropriately. For example, 
there should be multichannel communication and rapid feedback on customer questions 
(Kou et al. 2022; Tang et al. 2021). Furthermore, projects should be introduced adopting 
user-friendly interfaces. Moreover, security conditions should be satisfied with the help 
of fraud protection policies and strategies to inhibit misuse by third parties (Peng et al. 
2021).

Effective crowdfunding platforms contribute positively to the improvement of micro-
grid energy management systems. Hence, a comprehensive analysis is required to 
identify the critical issues for success in crowdfunding systems by considering vari-
ous criteria. In this study, a novel fuzzy decision-making model is developed to evalu-
ate crowdfunding platforms for microgrid project investments. The analysis process 
includes two different stages. First, the selected criteria for crowdfunding platforms are 
weighted. Second, alternatives regarding microgrid project investments are ranked. In 
this process, the multi-stepwise weight assessment ratio analysis (M-SWARA) method 
based on q-rung orthopair fuzzy sets (q-ROFSs) is considered. Furthermore, intuition-
istic fuzzy sets (IFSs) and Pythagorean fuzzy sets (PFSs) are also used as weight criteria 
to make a comparative evaluation. Similarly, a sensitivity analysis of the ranking alterna-
tives is also applied with 12 different q values.

Another model is also generated for this purpose with the help of the decision-making 
trial and evaluation laboratory (DEMATEL) and the technique for order preference by 
similarity to ideal solution (TOPSIS) methodologies to evaluate the performance of the 
proposed model. In this context, the weights are also calculated based on the DEMA-
TEL methodology, with the aim of comparing the results with those obtained via the 
M-SWARA approach. Moreover, with respect to the ranking of the alternatives, another 
evaluation is performed using the TOPSIS approach to check the coherency of the 
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proposed model. Additionally, different analyses are undertaken to compare the two 
models. Within this framework, comparative ranking alternatives are computed for dif-
ferent q-values. In addition to this issue, sensitivity analysis is applied to understand 
whether there is any specific impact of the weights of the criteria on the ranking results. 
Thus, the weighting results are changed consecutively, and six cases are considered 
based on q-ROFSs. Based on the consistency of the analysis results, it will be possible to 
determine which model is more successful.

The main novelty of this study derives from its comprehensive evaluation to identify 
the key items of an effective crowdfunding system by considering a detailed list of crite-
ria. The analysis results have a leading role for both investors and academics. This study 
makes an important contribution to the development of clean energy investment pro-
jects. Fossil fuels generate carbon emissions that significantly harm the environment. 
This situation has had a negative impact on the socioeconomic development of coun-
tries (Biswas et  al. 2021). Clean energy projects should be increased to minimize this 
problem. However, high costs are a crucial barrier to improving these projects (Qureshi 
et al. 2020). The analysis results of this study will help in the construction of an effective 
crowdfunding platform for microgrid energy management systems. In other words, this 
platform has a positive influence on society while minimizing the carbon emission prob-
lem caused by fossil fuels (Azad and Chakraborty 2020).

Additionally, this study has some methodological originalities. For instance, with the 
help of the SWARA methodology, it is possible to remove some criteria based on expert 
evaluations (Ronaghi and Ronaghi 2021; Vahabi Nejat et al. 2021; Maghsoodi et al. 2019). 
In the literature, there are many different studies that consider the SWARA methodol-
ogy for different purposes (Torkashvand et  al. 2021; Yücenur and Ipekçi 2021; Ulutaş 
et al. 2021; Saraji et al. 2021; Akcan and Taş 2019). However, in this study, an extension 
of the SWARA method, that is, the multi-SWARA approach, is proposed to determine 
the relation degrees and weights of the criteria properly. Hence, in contrast to previ-
ous studies, this study proposes an original methodology to evaluate crowdfunding plat-
forms for microgrid project investments.

Furthermore, the use of q-ROFSs provides the opportunity to consider a more detailed 
space (Garg et al. 2021; Paryani et al. 2021; Ali et al. 2021a,b). Therefore, more appropri-
ate results can be obtained by considering these sets (Ali and Sarwar 2021; Asif et  al. 
2020). Thus, the decision-making problem becomes very complicated. Therefore, there 
is a need for a new approach for this process. Consequently, in many different studies, 
multi-criteria decision-making (MCDM) techniques have been considered with fuzzy 
logic (Meksavang et al. 2019; Liang et al. 2019). Additionally, different fuzzy sets, such as 
trapezoidal and Gaussian fuzzy sets, have also been generated to obtain more appropri-
ate results (Yang et al. 2021; Berkachy 2021; Azam et al. 2021). Similarly, in this study, 
q-ROFSs are considered because they focus on a more detailed space in the analysis pro-
cess (Akram et al. 2021a,b,c). Hence, these sets help to minimize the uncertainty prob-
lem in the decision-making process (Habib et al. 2019; Liu et al. 2020).

Furthermore, making a comparative evaluation via the IFSs and PFSs is another 
novelty of this study. This situation helps to evaluate the results by considering differ-
ent perspectives. In other words, it provides an opportunity to measure the reliability 
of the analysis results of the proposed model. Some researchers have proposed a fuzzy 
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decision-making model that considers only one type of fuzzy set (Yüksel et al. 2021; Din-
çer et al. 2019; Wang et al. 2019). In these models, the results could not be tested using 
different fuzzy sets. Moreover, performing a sensitivity analysis with 12 different q-val-
ues improves the quality of the proposed model. The main reason is that this analysis 
helps to check the validity and consistency of the findings (Kirişci et al. 2021; Jafar et al. 
2021).

The remainder of this paper is organized as follows: second section presents a litera-
ture evaluation of the effectiveness of crowdfunding platforms. The methodological 
information is presented in third section. The results are provided in fourth section, 
while the findings are discussed in fifth section.

Literature evaluation of the effectiveness of crowdfunding platforms
Most studies on crowdfunding systems have focused on their benefits. Finding the nec-
essary funds for investment is one of the most important challenges faced by companies. 
Owing to the inability to manage this problem effectively, many investment projects 
cannot be implemented (Barber et al. 2021). Because of the crowdfunding system, it is 
possible to reach many investors in a short period (Shneor et al. 2020). In addition, di 
Prisco and Strangio (2021) evaluate the relationship between technological develop-
ment and financial inclusion. They state that funds can be obtained much easily by using 
crowdfunding platforms so that economic development can be provided more effec-
tively for emerging countries. Furthermore, regional borders are disappearing because 
of crowdfunding platforms (Dalla Chiesa 2020). In other words, project owners find 
investors from all over the world. Di Pietro and Masciarelli (2021) examine the impact of 
the crowdfunding system on the improvement of entrepreneurship. Designing an effec-
tive crowdfunding system is helpful for attracting many investors from different regions 
of the world. Moreover, with the help of this platform, entrepreneurs get the chance to 
receive early feedback on their intended market and marketing (Wachs and Vedres 2021; 
Behl and Dutta 2020; Shahab et al. 2021).

Some researchers have also examined the factors necessary to establish an effective 
crowdfunding platform. In this process, the cost of using the platform should not be 
too high (Pabst and Mohnen 2021). Otherwise, investors will not prefer this platform 
because they will lose their cost advantages (Gao et al. 2021). Erjiang et al. (2021) and Xu 
and Zhang (2021) state that there should be competitive charges for using the platform, 
transaction, and payment processes. Successful marketing activities play a key role in 
creating an effective crowdfunding platform (Zhang and Tian 2021; Miglo 2020). There-
fore, owners of crowdfunding platforms are required to promote successful marketing 
activities (Kubo et  al. 2021; Kim and Chang 2020). Alegre and Moleskis (2021) study 
significant financial motivations in crowdfunding systems. As a result of the literature 
review, they conclude that omni-channel facilities should be considered to attract con-
tributors with creative campaigns in social and personal networks. Troise and Camilleri 
(2021) and Zheng et al. (2022) also determine that effective marketing strategies play a 
vital role toward improving crowdfunding platforms.

For crowdfunding platforms to be successful, necessary security measures should be 
taken. This platform brings both project owners and investors together. In other words, 
different segments share valuable information on this platform. For example, the owner 
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of a project provides detailed information about the investment issue (Chemla and Tinn 
2021; Meoli et al. 2020; Kuo et al. 2022). However, investors also share some of their per-
sonal information. Therefore, appropriate precautions should be taken on crowdfunding 
platforms (Randall et al. 2021; Perbangsa and Udiono 2020). Otherwise, neither inves-
tors nor project owners will be willing to use this system. Gregorio et al. (2021) conduct 
a comparative analysis of crowdfunding platforms. They identify that the necessary secu-
rity conditions should be satisfied to improve trust for this system. Jiao et al. (2021) high-
light the necessary policies for fraud protection and misuse by third parties to improve 
crowdfunding platforms. Furthermore, customer expectations must be met to increase 
the platform’s effectiveness. Both project owners and investors may face some difficul-
ties while using this system (Di Pietro 2021; Peng et al. 2021). Junge et al. (2021) and Liu 
et al. (2021) state that there should be multichannel communication and rapid feedback 
regarding customer questions.

Crowdfunding system have also been examined in many energy investment stud-
ies. Bonzanini et al. (2016) state that crowdfunding is a significant financial source for 
the development of renewable energy projects. Lam and Law (2016), Vasileiadou et al. 
(2016), and Ari and Koç (2021) focus on ways to improve clean energy investments. 
They highlight that effective crowdfunding platforms increase the performance of these 
projects. Nigam et al. (2018) and Candelise (2018) also reach similar conclusions in their 
studies. Nonetheless, Halden et al. (2021) and Lu et al. (2018) evaluate significant issues 
to increase solar energy investment projects. They report that finding funds is a very 
critical condition in this situation. In this context, crowdfunding systems can be very 
helpful to overcome this problem. Meng et al. (2021) also evaluate crowdfunding alter-
natives for clean energy investment projects. In this process, new service development 
pathways are considered.

The literature review shows that an effective crowdfunding platform contributes posi-
tively to the improvement of microgrid energy management systems. Nevertheless, vari-
ous factors must be considered to design crowdfunding systems appropriately. Hence, 
a comprehensive analysis is required to understand the key factors of success in crowd-
funding systems. In this study, we evaluate crowdfunding platforms for microgrid pro-
ject investments. For this purpose, a comprehensive evaluation is undertaken to identify 
the key items of an effective crowdfunding system by considering a detailed list of crite-
ria. First, the selected criteria for crowdfunding platforms for microgrid project invest-
ments are weighted. In the second stage of the proposed model, the alternatives for 
microgrid project investments are ranked.

Methodology
This section focuses on q-ROFSs and the proposed decision-making approach. Addi-
tionally, the details of the DEMATEL and TOPSIS techniques are detailed.

q‑ROFSs

Intuitionistic fuzzy sets (I) aim to obtain more appropriate results for decision-making 
problems, as shown in Eq. (1). Membership and non-membership degrees are defined as 
µI (ϑ) and nI (ϑ) (Atanassov 1983).



Page 6 of 22Wu et al. Financial Innovation            (2022) 8:52 

Pythagorean fuzzy sets (P) attempt to identify a new class of nonstandard fuzzy member-
ship grades, as shown in Eq. (2) (Yager 2013; Yager and Abbasov 2013).

Equation (3) provides information about the condition.

The q-ROFSs represent an extension of these two fuzzy numbers (Yager and Alajlan 
2017). With the help of these sets, larger spaces can be considered. In this context, the sum 
of the qth power of the membership and non-membership degrees is considered to be 1 
(Yager 2016). Equations (4) and (5) explain these issues:

Equation (6) refers to the degree of indeterminacy.

Equations (7)–(11) define the operations (Yager 2016).

Equation (12) is used for defuzzification (Liu et al. 2019).

(1)I =
{
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Proposed decision‑making approach with M‑SWARA and q‑ROFSs

The SWARA method aims to weight different factors. In this process, decision-makers’ 
hierarchical priorities are considered (Vahabi Nejat et al. 2021). In this study, an extension 
of the SWARA approach (i.e., the multi-SWARA method) is proposed to properly deter-
mine the relation degrees and the weights of the criteria. The computation process of the 
proposed decision-making approach is detailed as follows:

Step 1: Decision-makers define the dependency degrees with the help of linguistic 
evaluations.

Step 2: The q-ROF relation matrix is developed as shown in Eq. (13) (Ronaghi and Ron-
aghi 2021).

where Q is the q-ROF direct relation matrix.Qij =

(

µQij , nQij

)

 and k is the number of 

decision makers.
Step 3: The q-ROFSs and score functions are calculated using Eqs. (5) and (11).
Step 4: The values of sj , kj , qj , and wj are calculated as in Eqs. (14)–(16).

Ifsj−1 = sj , qj−1 = qj ; Ifsj = 0, kj−1 = kj

The comparative importance rate is denoted as sj . The importance value of this criterion 
is denoted by cj . Additionally, kj represents the coefficient value of sj and qj , while wj denotes 
the weights of the criteria under the q-ROFSs. The degrees of significance of the criteria are 
sorted in descending order (Paryani et al. 2021).

Step 5: The weighting results of wj are calculated using the stabilization process in the 
M-SWARA method. The stable values of the relation matrix with the values of wj are 
defined by transposing and limiting the matrix to a power of 2t + 1.

Step 6: The q-ROF decision matrix, Xij =
[

xij
]

m×n
 , is created using Eq. (17)
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
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



(14)kj =

{

1 j = 1
sj + 1 j1
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kj
j > 1
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C1C2C3 . . .Cn
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where Xij =

(

µxij , nxij

)

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

Step 7: The q-rung orthopair fuzzy weighted average (q-ROFWA) and q-rung 
orthopair fuzzy weighted geometric (q-ROFWG) values are computed with Eqs. (18) 
and (19) (Seker and Aydın 2021).

where Xi =
(

µxi , nxi
)

 , i = 1, 2, . . . n, w = (w1,w2, . . . ,wn)
T , 

∑n
i=1 wi = 1.

Step 8: The alternatives are ranked.

DEMATEL

Notably, DEMATEL is a decision-making approach that is preferred for weighting dif-
ferent items (Kou et al. 2021). By considering expert evaluations, the relation matrix 
is constructed as shown in Eq. (20) (Gabus and Fontela 1972).

In the second step, this matrix is normalized using Eqs. (21) and (22) (Fontela and 
Gabus 1974).

The total relation matrix is built using Eq. (23).

The sums of the row (D) and column (E) are computed using Eqs. (24) and (25).
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The sum of these values is used to calculate the weights. Moreover, causal relation-
ship is identified based on their differences. Additionally, Eq. (26) is also considered in 
constructing the impact–relation map.

TOPSIS

Notably, the TOPSIS methodology is used to rank alternatives based on their signifi-
cance. The vector normalization procedure is implemented to normalize the values by 
considering Eq. (27) (Yoon and Hwang 1980).

These values are weighted by Eq. (28).

Later, the positive ( A+ ) and negative ( A− ) optimal solutions are determined with 
Eqs. (29) and (30) (Dinçer et al. 2022).

The distances to the best and worst alternatives ( D+
i ,D

−
i  ) are computed using 

Eqs. (31) and (32).

Equation (33) defines relative closeness to the ideal solution ( RCi).
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.
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Analysis results and discussions
The analysis process comprises two different stages. First, the selected criteria regard-
ing crowdfunding platforms for microgrid project investments are weighted. Second, 
the alternatives for the microgrid project investments are ranked. Figure 1 illustrates 
these details.

The analysis results will be given based on each stage.

(33)RCi =
D−
i

D+
i + D−

i

.

Fig. 1  Algorithm of the proposed decision-making model
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Weighting the selection criteria of the crowdfunding platforms for microgrid project 

investors (Stage 1)

The criteria for crowdfunding platforms for microgrid project investors are selected 
according to the results in the literature review. The details of these items are listed in 
Table 1.

To improve the crowdfunding platforms for smart grid project investors, there should 
be multichannel communication and rapid feedback on customer questions (support-
CTN1). Additionally, the setup and introduction of the projects are designed using 
user-friendly interfaces (tools-CTN2). Third, flexible applications should be generated 
to withdraw the deposits and several funding offerings with unique rewards and provi-
sions (fund-CTN3). Furthermore, necessary actions should be taken for fraud protection 
and misuse by third parties (security-CTN4). In addition, effective marketing applica-
tions should be considered by omnichannel facilities to attract contributors with creative 
campaigns in social and personal networks (marketing-CTN5). Finally, there should be 
competitive charges for using the platform, transaction, and payment processes (costs-
CTN6). The values in Table 2 are used in the analysis process.

Table 3 indicates linguistic evaluations.
The average values of membership and non-membership degrees for the criteria are 

computed, as shown in Table 4.
The score function values of the criteria for the q-ROFSs are listed in Table 5.
The sj, kj, qj, and wj values are calculated, as shown in Table 6.
The relation matrix is constructed in Table 7.
The stable matrix is calculated as in Table 8.
Table 8 shows that security (CTN4) is the most important factor for the crowdfunding 

platforms for smart grid project investors. Additionally, support (CTN1), cost (CTN6), 
and tools (CTN2) also play significant roles in this issue. Nevertheless, fund (CTN3) 

Table 1  Selection criteria of the crowdfunding platforms for smart grid project investors

Criteria References

Support (CTN 1) Shneor et al. (2020), Pitchay et al. (2021)

Tools (CTN 2) Miglo (2020), Berné-Martínez et al. (2021)

Fund (CTN 3) Dalla Chiesa (2020), Tang et al. (2021), 
Perbangsa and Udiono (2020)

Security (CTN 4) Kim and Chang (2020), Yu et al. (2021)

Marketing (CTN 5) Behl and Dutta (2020), Peng et al. (2021)

Costs (CTN 6) Meoli et al. (2020), Pitchay et al. (2021)

Table 2  Linguistic scales, membership, and non-membership degrees for criteria and alternatives

Linguistic scales for criteria Linguistic scales for 
alternatives

Membership degrees Non-
membership 
degrees

No influence (n) Weakest (w) 0.10 0.90

somewhat influence (s) Poor (p) 0.30 0.70

medium influence (m) Fair (f ) 0.60 0.40

high influence (h) Good (g) 0.80 0.20

very high influence (vh) Best (b) 0.90 0.10
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Table 3  Linguistic evaluations

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

Decision Maker 1

CTN1 H M VH H M

CTN2 H M H M H

CTN3 S M M H VH

CTN4 H H S M M

CTN5 M H H M M

CTN6 M S M H S

Decision Maker 2

CTN1 H M VH H M

CTN2 H VH H M H

CTN3 S M M VH VH

CTN4 H H S S M

CTN5 M H H M M

CTN6 VH M M H S

Decision Maker 3

CTN1 M M VH H M

CTN2 H M H M H

CTN3 M M M VH VH

CTN4 H H S S M

CTN5 M H H M H

CTN6 H M M H M

Table 4  Average values of membership and non-membership degrees for the criteria

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

μ v μ v μ v μ v μ v μ v

CTN1 0.73 0.27 0.60 0.40 0.90 0.10 0.80 0.20 0.60 0.40

CTN2 0.80 0.20 0.70 0.30 0.80 0.20 0.60 0.40 0.80 0.20

CTN3 0.40 0.60 0.60 0.40 0.60 0.40 0.87 0.13 0.90 0.10

CTN4 0.80 0.20 0.80 0.20 0.30 0.70 0.40 0.60 0.60 0.40

CTN5 0.60 0.40 0.80 0.20 0.80 0.20 0.60 0.40 0.67 0.33

CTN6 0.77 0.23 0.50 0.50 0.60 0.40 0.80 0.20 0.40 0.60

Table 5  Score function values of the criteria for q-ROFSs

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

CTN1 0.000 0.375 0.152 0.728 0.504 0.152

CTN2 0.504 0.000 0.316 0.504 0.152 0.504

CTN3 0.000 0.152 0.000 0.152 0.649 0.728

CTN4 0.504 0.504 0.000 0.000 0.000 0.152

CTN5 0.152 0.504 0.504 0.152 0.000 0.259

CTN6 0.438 0.000 0.152 0.504 0.000 0.000
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and marketing (CTN5) have lower weights. The causal relationship between the items is 
shown in Fig. 2.

Support (CTN1) and security (CTN4) are the most influential items. In the next step, 
a comparative evaluation is performed by considering IFSs and PFSs. Additionally, the 
weights are calculated based on the DEMATEL approach to compare the results with 
those of the M-SWARA methodology. Table 9 presents the results of the comparative 
analysis.

Table 6  Sj, kj, qj, and wj values for the relationship degrees of each criterion

CTN1 Sj kj qj wj CTN2 Sj kj qj wj

CTN5 1.000 1.000 0.335 CTN4 1.000 1.000 0.366

CTN2 0.504 1.504 0.665 0.223 CTN6 0.504 1.504 0.665 0.243

CTN3 0.375 1.375 0.483 0.162 CTN3 0.504 1.504 0.442 0.162

CTN4 0.152 1.152 0.420 0.140 CTN5 0.316 1.316 0.336 0.123

CTN6 0.152 1.152 0.420 0.140 CTN1 0.152 1.152 0.292 0.107

CTN3 Sj kj qj wj CTN4 Sj kj qj wj

CTN6 1.000 1.000 0.321 CTN2 1.000 1.000 0.229

CTN1 0.649 1.649 0.607 0.195 CTN1 0.504 1.504 1.000 0.229

CTN2 0.152 1.152 0.527 0.169 CTN3 0.152 1.152 0.868 0.198

CTN4 0.152 1.152 0.527 0.169 CTN5 0.000 1.152 0.754 0.172

CTN5 0.000 1.152 0.457 0.147 CTN6 0.000 1.152 0.754 0.172

CTN5 Sj kj qj wj CTN6 Sj kj qj wj

CTN1 1.000 1.000 0.240 CTN4 1.000 1.000 0.299

CTN2 0.504 1.504 1.000 0.240 CTN2 0.438 1.438 0.695 0.208

CTN6 0.259 1.259 0.794 0.190 CTN3 0.152 1.152 0.604 0.180

CTN3 0.152 1.152 0.689 0.165 CTN5 0.000 1.152 0.524 0.157

CTN4 0.152 1.152 0.689 0.165 CTN1 0.000 1.152 0.524 0.157

Table 7  Relation matrix with the values of wj

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

CTN1 0.162 0.140 0.335 0.223 0.140

CTN2 0.366 0.123 0.243 0.107 0.162

CTN3 0.147 0.169 0.169 0.195 0.321

CTN4 0.229 0.229 0.172 0.172 0.198

CTN5 0.165 0.240 0.240 0.165 0.190

CTN6 0.208 0.157 0.180 0.299 0.157

Table 8  Stable matrix

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

CTN1 0.184 0.184 0.184 0.184 0.184 0.184

CTN2 0.161 0.161 0.161 0.161 0.161 0.161

CTN3 0.145 0.145 0.145 0.145 0.145 0.145

CTN4 0.199 0.199 0.199 0.199 0.199 0.199

CTN5 0.146 0.146 0.146 0.146 0.146 0.146

CTN6 0.166 0.166 0.166 0.166 0.166 0.166
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Table 9 shows that the weighting results of the three different fuzzy sets based on the 
M-SWARA approach are the same. However, the weighting priorities are also similar 
for the three different fuzzy sets with respect to the analysis made via the DEMATEL 
method. Additionally, the best and worst criteria are the same in both the M-SWARA 
and DEMATEL methodologies. This indicates that the findings of the proposed model 
are coherent.

Ranking the alternatives for the microgrid project investors (Stage 2)

The types/alternatives of microgrids are defined as combined heat and power (ALV1), 
wind turbines (ALV2), solar panels (ALV3), generators (ALV4), and energy storage sys-
tems/batteries (ALV5). The linguistic evaluations are presented in Table 10.

The average values of the membership and non-membership degrees for the alterna-
tives are listed in Table 11.

The weighted average values are shown in Table 12.
In addition to the analysis with weighted average values, another evaluation is per-

formed via the TOPSIS analysis to verify the coherency of the proposed model. The 
comparative ranking results are given using the score function values of the weighted 
average values and the relative closeness to the ideal solutions in Table 13.

Fig. 2  Impact–relation map for the criteria

Table 9  Comparative weighting priorities for the criteria

M-SWARA​ DEMATEL

IFSs PFSs q-ROFSs IFSs PFSs q-ROFSs

CTN1 2 2 2 2 2 2

CTN2 4 4 4 3 3 3

CTN3 6 6 6 6 6 6

CTN4 1 1 1 1 1 1

CTN5 5 5 5 4 4 4

CTN6 3 3 3 5 5 5
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Table  13 shows that solar panels (ALV3) are the most important items for 
q-ROFWA. However, energy storage systems/batteries (ALV5) play the most crucial 
role in the q-ROFWG. It is defined that the rankings of the three different fuzzy sets 
are similar regarding the analysis made by the weighted average values. Moreover, the 
ranking results using the TOPSIS technique are also the same for different fuzzy sets. 
Furthermore, the rankings of the weighted average values and the TOPSIS technique 

Table 10  Linguistic evaluations for the alternatives

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

Decision Maker 1

ALV1 G F F F B F

ALV2 F G G F F G

ALV3 B B F G F P

ALV4 G P B G G P

ALV5 F F G B B G

Decision Maker 2

ALV1 B P F G F G

ALV2 F F G F F G

ALV3 B B F G F F

ALV4 G P B G G F

ALV5 B F B G F G

Decision Maker 3

ALV1 F F F F G F

ALV2 G F F F F G

ALV3 G G F G F F

ALV4 G F G G G F

ALV5 F F G F F F

Table 11  Average values of the membership and non-membership degrees for the alternatives

CTN1 CTN2 CTN3 CTN4 CTN5 CTN6

μ v μ v μ v μ v μ v μ v

ALV1 0.77 0.23 0.50 0.50 0.60 0.40 0.67 0.33 0.77 0.23 0.67 0.33

ALV2 0.67 0.33 0.67 0.33 0.73 0.27 0.60 0.40 0.60 0.40 0.80 0.20

ALV3 0.87 0.13 0.87 0.13 0.60 0.40 0.80 0.20 0.60 0.40 0.50 0.50

ALV4 0.80 0.20 0.40 0.60 0.87 0.13 0.80 0.20 0.80 0.20 0.50 0.50

ALV5 0.70 0.30 0.60 0.40 0.83 0.17 0.77 0.23 0.70 0.30 0.73 0.27

Table 12  Weighted average values of q-ROFSs

q-ROFWA q-ROFWG

μ v μ v

ALV1 0.682 0.325 0.657 0.363

ALV2 0.689 0.316 0.672 0.340

ALV3 0.766 0.248 0.700 0.350

ALV4 0.756 0.262 0.670 0.399

ALV5 0.735 0.269 0.719 0.295
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Table 13  Comparative ranking results for the alternatives

IFWA IFWG PFWA PFWG q-ROFWA q-ROFWG IF-TOPSIS PF-TOPSIS q-ROF 
TOPSIS

ALV1 5 5 5 5 5 5 5 5 5

ALV2 4 4 4 3 4 3 3 3 3

ALV3 1 2 1 2 1 2 1 1 1

ALV4 2 3 2 4 2 4 4 4 4

ALV5 3 1 3 1 3 1 2 2 2

Table 14  Ranking alternatives with different q-values

Q values Methods Alternatives

ALV1 ALV2 ALV3 ALV4 ALV5

Q:1 WA 5 4 1 2 3

WG 5 4 2 3 1

TOPSIS 5 3 1 4 2

Q:2 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Q:3 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Q:4 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Q:5 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 3 2

Q:6 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 3 2

Q:7 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 3 2

Q:8 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 2 3

Q:9 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 2 3

Q:10 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 2 3

Q:15 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 2 3

Q:20 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 4 1 2 3
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are quite similar. Additionally, to check the reliability of the proposed model, com-
parative ranking alternatives are also computed for different q-values, as shown in 
Table 14.

Table  14 presents the comparative results of the ranking alternatives for the 12 
different q-values. The results show that the analysis results of the q-ROFWA and 
q-ROFWG operators are rather similar for different q-values. Thus, it is also con-
cluded that the ranking results of the TOPSIS method are similar for all the differ-
ent q-values. This situation demonstrates that the proposed hybrid decision-making 
approach based on q-ROFSs in this study is coherent, and the model can be duly 
extended for further fuzzy-based decision-making model studies.

Additionally, a sensitivity analysis is applied to determine whether there is any spe-
cific impact of the weights of the criteria on the ranking results. For this purpose, 
the weighting results are changed consecutively, and six cases are considered based 
on the q-ROF M-SWARA and DEMATEL approaches. The results are presented in 
Tables 15 and 16, respectively.

Table 15 indicates that by considering the weights calculated using the M-SWARA 
method, alternative rankings are the same for all different cases regarding the WA, 
WG, and TOPSIS methodologies. This indicates that the proposed model is consist-
ent with the M- SWARA methodology based on q-ROFSs. Table 16 provides informa-
tion on the sensitivity analysis of the ranking results by considering the weights of the 
DEMATEL approach.

Table  16 demonstrates that, by considering the weights of the q-ROF DEMATEL 
method, the ranking results vary for different cases. The proposed model with the 
M-SWARA approach in this study is more reliable than the model created via the 

Table 15  Sensitivity analysis results based on q-ROF M-SWARA​

Cases Methods Alternatives

ALV1 ALV2 ALV3 ALV4 ALV5

Case 1 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Case 2 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Case 3 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Case 4 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Case 5 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Case 6 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2



Page 18 of 22Wu et al. Financial Innovation            (2022) 8:52 

DEMATEL method. This situation provides information about the superiority of the 
model proposed in this study.

To develop a crowdfunding platform, it is important to ensure the security of the sys-
tem. In this context, necessary measures should be taken against the risk of fraud that 
may occur on this platform. Therefore, the website to be established must be secure 
against possible hacking attacks. To ensure security, both project owners and investors 
will prefer to use this platform. This will help to increase the effectiveness of the crowd-
funding system. Meoli et al. (2020), Wu et al. (2022), and Asfarian et al. (2020) deter-
mined ways to increase the effectiveness of the crowdfunding system and discussed that 
appropriate policies should be implemented for fraud protection and misuse by third 
parties. Another important conclusion of this study is that solar panels should be pre-
liminarily developed to increase the effectiveness of microgrid systems. The efficiency 
of solar energy projects has increased, particularly with the help of recent technologi-
cal developments. This situation has a positive impact on decreasing the costs of solar 
energy projects. Asrami et al. (2021), Li et al. (2022), Lundheim et al. (2021), and Dera-
khshandeh et al. (2021) also reach this conclusion in their evaluations.

Conclusions
This study aims to evaluate crowdfunding platforms for microgrid project investments. 
The proposed model includes two different stages. First, the selected criteria for crowd-
funding platforms for microgrid project investments are weighted. In the second stage, 
the alternatives for the microgrid project investments are ranked. In this process, the 
M-SWARA method based on q-ROFSs is considered. The IFSs and PFSs are also used as 
weight criteria to make a comparative evaluation. Similarly, a sensitivity analysis of the 

Table 16  Sensitivity analysis results based on q-ROF DEMATEL

Cases Methods Alternatives

ALV1 ALV2 ALV3 ALV4 ALV5

Case 1 WA 5 4 1 2 3

WG 5 4 2 3 1

TOPSIS 5 4 1 3 2

Case 2 WA 4 5 2 1 3

WG 5 4 1 3 2

TOPSIS 4 3 1 5 2

Case 3 WA 5 4 1 2 3

WG 5 4 2 3 1

TOPSIS 5 4 1 3 2

Case 4 WA 5 4 1 2 3

WG 5 3 2 4 1

TOPSIS 5 3 1 4 2

Case 5 WA 5 4 1 2 3

WG 5 4 2 3 1

TOPSIS 5 4 1 3 2

Case 6 WA 4 5 2 1 3

WG 5 4 1 3 2

TOPSIS 4 3 2 5 1



Page 19 of 22Wu et al. Financial Innovation            (2022) 8:52 	

ranking alternatives is also applied with 12 different q-values. Because all the results are 
quite similar, the findings of the proposed model are coherent. Another model is created 
for this purpose with the help of the DEMATEL and TOPSIS methodologies to appraise 
the performance of the proposed model. Furthermore, to check the reliability of the pro-
posed model, comparative ranking alternatives are computed for different q-values. It is 
concluded that by considering the q-ROF DEMATEL weights, the ranking results vary 
for different cases. The proposed model with the M-SWARA approach is more reliable 
than the model created via the DEMATEL method. This situation provides information 
regarding the superiority of the model proposed in this study.

It is concluded that security is the most important factor in the crowdfunding plat-
forms for smart-grid project investors. Furthermore, support, cost, and tools also play 
a significant role in this issue. Solar panels and energy storage systems/batteries are the 
most significant alternatives for microgrid project investors. The main limitation of this 
study is that only crowdfunding systems are considered among the financial alterna-
tives to microgrid energy management systems. However, some other financial sources, 
such as equity and debt financing, can also be used to improve these systems. In future 
studies, a new examination can be conducted to determine the best financial sources 
for microgrid energy management systems. Other MCDM models, such as AHP and 
VIKOR, can also be considered in the evaluation process.
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