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ABSTRACT

With the comprehensive promoted construction of the establishment of green small hydropower, the
defects of existing small hydropower station are gradually emerging, and it is necessary to implement green
intelligent transformation to promote the construction of energy internet in China. This study focuses on
constructing a green intelligent planning and transforming assessment framework, and assists management
department to filtrate the small hydropower stations which can be transformed reasonably. Firstly, power
station economy, ecological environment, technical safety management and social benefits are involved in
the assessment index system. Secondly, multi-expert judgment aggregation based on fuzzed comparison
scale is put forward to calculate the index value, and evidence synthesis is used to comprehensively assess
the feasibility of green and intelligent planning and transformation for several small hydropower stations.
The simulation case analysis shows the constructed assessment framework can reflect the actual situation
of objectives properly and would provide decision-making basis for green and intelligent planning and
transformation of small hydropower stations.
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1 Introduction

In order to deal with the ecological and environmental problems caused by the development
of small hydropower, China proposes to create a green small hydropower policy, and emphasizes
that the grid power of small hydropower with green certification will be fully purchased by power
grid enterprises [1]. With the comprehensive promoted construction of the, ‘Three Types and Two
Networks’, and the green small hydropower established, the defects of existing small hydropower
are gradually emerging, and it is necessary to carry out green intelligent reconstruction to promote
the construction of energy internet in China. Green small hydropower construction focuses on the
improvement of river ecology, and cannot fully enhance the functionality of small hydropower,
reduce staff, increase efficiency and reduce operating costs. Therefore, the State Energy Bureau
put forward the idea of optimizing the transformation of small hydropower in the “13th five-
year plan” of hydropower development, and carried out pilot construction of “Internet +”
intelligent hydropower station, so as to realize the friendly interaction between smart grid and
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intelligent energy network [2]. Combined with the national ecological priority principle and the
enterprise, s vision of improving the operation efficiency of power station, the concept of green
and intelligent transformation of small hydropower station came into being. The green and
intelligent transformation of small hydropower station is based on the establishment of green
small hydropower station, with the improvement of economic benefits of power station as the core
value of construction, focusing on the realization of small hydropower to help rural revitalization
and sustainable development of river ecology. This is not only conducive to the country to
promote the construction of green small hydropower, but also conducive to enterprises to improve
the level of power station productivity, so green intelligent small hydropower will become the
main development direction of China’s small hydropower in the future.

At present, the cost of some intelligent equipment is high, and the small hydropower needs
the support of national funds to smoothly carry out green intelligent transformation. However,
there are tens of thousands of small hydropower stations, the investment return rate of transfor-
mation is large, the hydropower is low, and the national support fund is limited, and not all small
hydropower stations are suitable for transformation [1–3]. Therefore, it is necessary to plan the
transformation of small hydropower stations and clarify the objectives, objects and time sequence
of the transformation. In terms of planning and reconstruction objects, large hydropower stations
can be determined as intelligent construction objects according to their functions because of
their large scale, high degree of comprehensive automation, good overall benefits and national
investment and development management. However, the comprehensive automation degree of
small hydropower stations is low, the installed capacity is small, and most of them are operated by
private capital, so it is impossible to determine whether they can be used as green and intelligent
transformation objects through a single dimension. Therefore, it is necessary to build a multi-
dimensional evaluation system as the basis for planning and decision-making from the perspective
of the state and enterprises, so as to realize the public selection of small hydropower stations and
ensure that the power stations can play a leading demonstration effect after transformation.

Many institutions and scholars have begun to study the hydropower assessment framework
and relevant certification standards. Bratrich et al. [3] found that environmental impact assessment
of hydropower projects must be performed considering all aspects and factors which affect the
environmental impacts associated with hydropower projects. Nautiyal et al. [4] used the concept
of the causal diagram to structure and represent hydropower impacts in a generic form through
causal networks. Voegeli et al. [5] suggested an expert fuzzy-TOPSIS multiple criteria decision-
making (MCDM) methodology for the initial cost estimation of a hydropower project, which
contributed to the limited research available concerning the analysis of risk factors for the
cost assessment of a hydropower project. Through field investigation, laboratory analysis, model
calculation, and statistical analysis, Agarwal et al. [6] studied the debris flows occurring in the
gullies near the Baihetan hydropower station to determine the characteristics of their dynamic
parameters and the effectiveness of existing debris flow control measures, and the results could
be applied for the development of evaluation methods of the effectiveness of other similar and
significant projects in China and elsewhere. Switzerland carries out green hydropower certification
from five aspects: minimum flow, peak regulation, reservoir management, sediment management
and power station design [7]. The United States has formulated low impact Hydropower Certifi-
cation standards from multiple dimensions. According to the four different stages of hydropower
station construction, preparation, implementation and operation, the International Hydropower
Association has established the corresponding hydropower sustainability assessment specifica-
tions [8,9]. Chen et al. [10] introduced the impact of biodiversity into the environmental impact
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assessment of water conservancy and hydropower projects to provide decision support for water
conservancy and hydropower development and construction; Zhao et al. [11] established a 5-level
River Basin Hydropower sustainability evaluation index system based on the basin hydropower
development system characteristics; The Ministry of water resources issued the “green small
hydropower evaluation standard” in 2017, which is used as the evaluation basis for whether small
hydropower can become green small hydropower [12,13]. The above research results mainly focus
on the assessment of the impact of the power station on the ecological environment, and build
a wealth of green ecological indicators, but lack of relevant indicators to evaluate the feasibility
of intelligent transformation.

In order to fill this gap, this paper constructs an assessment framework which can simul-
taneously assess the green development status of small hydropower station and the feasibility
of intelligent transformation. In the constructed framework, an index system is built which is
suitable for different types of small hydropower stations and can provide decision-making basis
for planning departments. A integrated method based on multi-expert judgment aggregation and
evidence synthesis is proposed to assess the small hydropower stations.

The rest of this work is arranged as follows: Influencing factors of small hydropower green
intelligent transformation is stated in Sections 2, 3 builds the assessment index system for green
intelligent transformation of small hydropower assessment, while Section 4 illustrates the detailed
assessment method; case study is given in Section 5 by an application of six small hydropower
stations in Guangxi; Section 6 presents a discussion of the results; finally, Section 7 summarizes
the conclusion.

2 Influencing Factors of Small Hydropower Green Intelligent Transformation

At present, there are 46515 small hydropower stations in China, with a total installed capacity
of 80.435 million kilowatts, accounting for 62.8% of the country, s rural hydropower resources
technology development, and the annual power generation is 234.56 billion kwh, accounting for
43.8% of the exploitable capacity [13]. The characteristics of power stations are as follows: (1)
most of the small hydropower stations are runoff type, and their economic benefits are closely
related to the water inflow of the basin; (2) there are tens of thousands of small hydropower
stations, and the construction density of power stations in the basin is high; (3) the functional
requirements of power stations in the initial stage of construction are not high, and the level of
automation and intelligence is low; (4) the technical transformation of power stations often relies
on the support policies of the state for small hydropower stations.

In the process of evaluating whether the small hydropower station is suitable for green
intelligent transformation, the characteristics of small hydropower station and the construction
requirements of green intelligent hydropower station should be referred. After the summary of the
existing research [3–13], the assessment of green intelligent transformation of small hydropower
can be measured from the following four aspects.

• Whether the small hydropower has the potential to improve the quality and efficiency and
has enough funds to support the reconstruction and construction;

• Whether the power station meets the requirements of green sustainable development;
• The difficulty to be overcome in the intelligent transformation;
• Whether the intelligent transformation can obtain the support of the society and the
government.
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Along these four aspects, four basic influencing factors can be determined as power station
economy, ecological environment, technical safety management and social benefits. In this paper,
starting from the four basic factors, combined with the structural characteristics and hydropower
development strategy of small hydropower, further select a series of factors to specifically char-
acterize the four basic influencing factors, so as to objectively reflect the current situation of
small hydropower, and help to carry out the evaluation of green and intelligent planning and
transformation of small hydropower.

3 Assessment Index System for Small Hydropower Green Intelligent Transformation

In order to make the evaluation index system comprehensively reflect the actual situation
of the power station and the feasibility of green intelligent transformation, this paper takes the
relevant influencing factors of green and intelligent transformation of small hydropower stations
as the starting point, and refers to a large number of relevant standards and norms such as
the 13th five year plan for hydropower development, the evaluation standards for green small
hydropower stations and the technical guidelines for intelligent hydropower plants [14], to realize
the sea selection of indicators Delphi method [15] is used to screen the sea selection indexes, and
the assessment index system for small hydropower green intelligent transformation is constructed
as shown in Fig. 1. There are four attributes A1–A4 and nineteen indexes I1–I19. The mathemat-
ical descriptions of the attributes and indexes are as follows: (1) attributes: A1, . . . ,Ak, . . . ,Ag; (2)
indexes: I1, . . . , Ij, . . . , In. Here, g= 4, n= 19.

Power station 
economy

Ecological 
environment

Technical 
safety 

management

Social 
benefits

Average annual runoff

Asset liability ratio

Net profit rate of sales

Potential for efficiency and capacity expansion

Annual average power generation

Ecological water demand security

Impact of aquatic protected species

Habitat impact of terrestrial protected organisms

Substitution effect

Area ratio of soil erosion

Proportion of optical fiber in communication

Installed capacity

Working condition of water turbine generator set

Average operation life of equipment

Building safety

Structural allocation of human resources

Social contribution rate

Livelihood security

Comprehensive utilization of water resources

I1

I2

I3

I4

I5

I6

I7

I8

I9

I10

I11

I12

I13

I14

I15

I16

I17

I18

I19

A1

A2

A3

A4

Assessment index system for 
small hydropower green 

intelligent transformation

Figure 1: Assessment index system

Among them, in the dimension of power station economic and technical safety management,
the indicators are selected based on the purpose of reflecting the actual operation status of small
hydropower enterprises, and the index data type is mainly real number type, so as to ensure the
objectivity in the evaluation process of small hydropower operation status. In the dimension of
ecological environment and social benefits, indicators are selected to show the impact of small
hydropower on the surrounding environment and adjacent mountain villages. Because there are
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few real number indicators corresponding to these two dimensions, the fuzzy indicators reflecting
the improvement of river ecology and rural revitalization by small hydropower are selected in this
paper.

4 Assessment Method of Small Hydropower Green Intelligent Transformation

4.1 Index Value Assignment
Because most of the index data types in the assessment index constructed in this paper are

fuzzy, and the dimensionless processing of real number indexes is affected by sample data, which
is not conducive to the assessment of a large number of small hydropower stations. Therefore,
this paper introduces trapezoidal fuzzy number into multi-expert judgment method [16,17] for the
index value assignment. Considering the limited cognitive level of experts, it may be impossible to
judge the index value of some assessment objects, so the index value of some evaluation objects
is allowed to be null or interval value.

4.1.1 Fuzzed Comparison Scale Method
According to the membership function of trapezoidal fuzzy number [18–20], natural numbers

1 to 9 are converted into corresponding trapezoidal fuzzy numbers as shown in Table 1.

Table 1: Conversion of natural number and trapezoidal fuzzy number

Natural number Corresponding trapezoidal fuzzy number

1 (1, 1, 1.5, 2)
2 (1, 1.5, 2.5, 3)
3 (2, 2.5, 3.5, 4)
4 (3, 3.5, 4.5, 5)
5 (4, 4.5, 5.5, 6)
6 (5, 5.5, 6.5, 7)
7 (6, 6.5, 7.5, 8)
8 (7, 7.5, 8.5, 9)
9 (8, 8.5, 9, 9)

Traditional nine-level comparison scale method is revised based on the conversion of natural
number and trapezoidal fuzzy number shown in Table 1. Based on the arithmetic operation
principles of trapezoidal fuzzy number, the nine-level comparison scale method is fuzzed and its
revised method is shown in Table 2.

4.1.2 Multi-Expert Judgment Aggregation
Multiple experts investigate the basic data of the small hydropower stations to be assessed

firstly. After that, they give their judgment of the performance of the hydropower stations on each
index, which is represented by fuzzed nine-level comparison scale method shown in Table 2. It is
assumed that there are m small hydropower stations to be assessed and p experts. The judgment of

expert s for hydropower station i on index Ij is vsij =
(
αsij,β

s
ij,χ

s
ij, δ

s
ij

)
, which is a trapezoidal fuzzy

number from Table 2, here s = 1, 2, . . . ,p and i = 1, 2, . . . ,m. All experts, judgments are treated
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equally. Then the judgments of all experts are integrated and the fuzzy index value of hydropower
station i on index Ij is assigned as follows:

vij =
(∑p

s=1 αsij

p
,

∑p
s=1 βsij

p
,

∑p
s=1 χ s

ij

p
,

∑p
s=1 δsij

p

)
(1)

According to the arithmetic operation principles of trapezoidal fuzzy number, vij can be
converted into natural number xij as follows:

xij =
(∑p

s=1 αsij

p
+
∑p

s=1 βsij

p
+
∑p

s=1 χ s
ij

p
+
∑p

s=1 δsij

p

)/
4 (2)

Then the index value matrix can be obtained as X = [xij]m×n.

Table 2: The scale and value of fuzzed nine-level comparison scale method

Scale Value Fuzzed value

Level 1 (Best) 9/1 (4.0000, 5.6667, 9.0000, 9.0000)
Level 2 8/2 (2.3333, 3.0000, 5.6667, 9.0000)
Level 3 7/3 (1.5000, 1.8571, 3.0000, 4.0000)
Level 4 6/4 (1.0000, 1.2222, 1.8571, 2.3333)
Level 5 (Middle) 5/5 (1.0000, 1.0000, 1.0000, 1.0000)
Level 6 4/6 (0.4286, 0.5385, 0.8182, 1.0000)
Level 7 3/7 (0.2500, 0.3333, 0.5385, 0.6667)
Level 8 2/8 (0.1111, 0.1765, 0.3333, 0.4286)
Level 9 (Worst) 1/9 (0.1111, 0.1111, 0.1765, 0.2500)

4.2 Evidence Synthesis
Based on D-S theory [21–23], the discernment frame is constructed by treating m small

hydropower stations to be assessed as elements. Then the discernment frame of small hydropower
assessment in this paper is defined as follows:

� = {π1,π2, . . . ,πm} (3)

Here πi represents small hydropower station i.

Basic probability assignment (BPA), which is the most basic information carrier in D-S
theory, is a function named as BPA function � in the discernment frame. �(π) stands for the
supportiveness of evidences for π . BPA function � satisfies: �(∅) = 0 and

∑
π⊆� �(π) = 1. If

�(π) > 0, π is called a focal element.

For π ⊆� , l BPA functions are synthesized based on the following principle:

�1·2·...·l (π)= 1
K

∑
π(1),π(2), . . . ,π(l) ⊆�

π(1) ∩π(2) ∩ . . .∩π(l) = π

�1

(
π(1)

)
�2

(
π(2)

)
. . .�l

(
π(l)

)
(4)
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Here �1·2·...·l represents the synthesized BPA functions.

Normalization constant K is defined as follows:

K =
∑

π(1),π(2), . . . ,π(l) ⊆�

π(1) ∩π(2) ∩ . . .∩π(l) �=∅

�1

(
π(1)

)
�2

(
π(2)

)
. . .�l

(
π(l)

)
(5)

It is assumed that the weight vectors of attributes and indexes are as follows:

wA= [wA1,wA2, . . . ,wAg
]T (6)

wI = [wI1,wI2, . . . ,wIn]T (7)

According to the index system in Fig. 1, weight vectors wA and wI satisfy:

wA1 =wI1+wI2 + . . .+wI5 (8)

wA2 =wI6+wI7 + . . .+wI10 (9)

wA3 =wI11+wI12+ . . .+wI16 (10)

wA4 =wI17+wI18+wI19 (11)

Because the index system in Fig. 1 shows a two-story structure, the assessment of small
hydropower in discernment frame � can be mapped into a two-story evidence synthesis process
as shown in Fig. 2.

Figure 2: Evidence synthesis process

In this paper, focal elements include m small hydropower stations to be assessed and the
special focal element � . The BPA function values of focal elements on each index can be
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normalized according to the index value and index weight. The BPA function of special focal
element � is �j (�)= 1−wIj. For other focal elements πi �=� , its BPA function is as follows:

�j (πi)=wIj
xij∑m
i=1 xij

(12)

The specific process of evidence synthesis is given below. Taking the indexes that belong
to attribute A1 as an example, the evidences are the BPA functions of m small hydropower
stations to be assessed. According to the evidence synthesis principle Eq. (4), BPA function �A1

is obtained as follows:

�A1 (π)= 1
K

∑
π(1),π(2),π(3),π(4),π(5) ⊆�

π(1) ∩π(2) ∩π(3) ∩π(4) ∩π(5) = π
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(
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)
�2

(
π(2)

)
�3

(
π(3)

)
�4

(
π(4)

)
�5

(
π(5)

)

(13)

Here normalization constant K is as follows:

K =
∑

π(1),π(2),π(3),π(4),π(5) ⊆�

π(1) ∩π(2) ∩π(3) ∩π(4) ∩π(5) �=∅

�1

(
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)
�2

(
π(2)

)
�3

(
π(3)

)
�4

(
π(4)

)
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(
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(14)

Similarly, BPA functions �A2, �A3 and �A4 can also be obtained.

Next BPA function �A1of all focal elements is normalized. By treating special focal element
� as a general focal element, the normalized BPA function w�A1 is obtained as follows:

w�A1 (πi)=
{
wA1�A1 (πi) ,πi �=�

1−wA1+wA1�A1 (�) ,πi =�
(15)

Normalized BPA function w�A2, w�A3 and w�A4 can also be obtained.

Then by treating normalized BPA functions w�A1 , w�A2 , w�A3 and w�A4 as evidences, total
BPA function �A is obtained according to the evidence synthesis principle Eq. (4), as follows:

�A (π)= 1
K

∑
π(A1),π(A2),π(A3),π(A4) ⊆�

π(A1) ∩π(A2) ∩π(A3) ∩π(A4) = π

w�A1

(
π(A1)

)
w�A1

(
π(A2)

)
w�A1

(
π(A3)

)
w�A1

(
π(A4)

)

(16)

Here normalization constant K is as follows:

K =
∑

π(A1),π(A2),π(A3),π(A4) ⊆�

π(A1) ∩π(A2) ∩π(A3) ∩π(A4) �=∅

w�A1

(
π(A1)

)
w�A1

(
π(A2)

)
w�A1

(
π(A3)

)
w�A1

(
π(A4)

)
(17)



EE, 2022, vol.119, no.2 689

According to D-S theory, BPA function �A (πi) stands for the supportiveness to focal element
πi (i.e., small hydropower station i) of all evidences (i.e., normalized BPA functions of all focal
elements obtained by Eqs. (13) and (16)) on discernment frame � .

As a result, the small hydropower stations are assessed and the ranking result of them can
be obtained by sorting BPA functions �A (π1) ,�A (π2) , . . . ,�A (πm) in descending order.

5 Case Study

This paper takes 6 small hydropower stations in Guangxi as an example to carry out the
assessment of green intelligent planning and transformation. Relevant data of each hydropower
station are obtained through field investigation, as shown in Table 3.

Table 3: Basic data of 6 small hydropower stations in Guangxi

Hydropower stations 1 2 3 4 5 6

Type of hydropower
station

Diversion
hydropower
station

Hydropower
station at dam
toe

River bed
hydropower
station

River bed
hydropower
station

Diversion
hydropower
station

Diversion
hydropower
station

Year built 2007 1974 1995 2004 2008 1993

Year of technical
transformation

No 2015 No No No 2015

Unit type Francis
turbine

Francis
turbine

Axial flow
hydroturbine
with movable
blade

Axial flow
hydroturbine
with movable
blade

Francis
turbine

Axial flow
hydroturbine
with movable
blade

Number of units 2 4 3 2 3 2

Total installed
capacity (kW)

32000 16000 9600 7200 25500 8000

Rainfall collection
area above dam site
(km2)

1929 3180 5789 4766 2300 /

Number of people in
the station

12 58 48 25 22 51

Annual average flow
(m3/s)

45 75.5 126 102 29.9 74.64

Regulating storage
capacity (10000 m3)

10915 844 45 111 4500 62

Water head (m) 93.3 32.5 10 10.75 56 13

Average annual
utilization hours

4894 4090 4329 4696 3772 4619

Normal water level
(m)

685 217 121 164 365 150.3

Annual average
power generation
(10000 kWh)

15662 6543 4156 3381 9618 3758

Annual average
income
(10000 Yuan)

3915 1897 1007 889 1763 1000
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There is a correlation between the basic data of small hydropower station and the assessment
index system. The correlation is very complex. This paper does not study the relationship between
the two, but uses expert evaluation method to solve this problem. Combined with the relevant
data of each power station, the experts use fuzzed comparison scale method to assign the index
of each assessment object. There are 60 experts. Their judgment scales about hydropower station
1 are shown in Table 4. The data in Table 4 is the number of experts giving the correspond-
ing judgment scale. Using multi-expert judgment aggregation Eq. (1), the fuzzy index value of
hydropower station 1 are obtained.

Table 4: The number of experts giving the corresponding judgment scale about hydropower
station 1 and fuzzy index values

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8 Level 9 Fuzzy index value

I1 6 1 8 15 6 14 3 0 7 (1.1144, 1.4251, 2.1972, 2.6042 )
I2 8 1 19 18 11 1 0 0 2 (1.5414, 1.9563, 3.0044, 3.5250 )
I3 2 25 12 10 3 4 0 2 2 (1.6582, 2.1095, 3.6922, 5.3782 )
I4 1 8 14 15 1 2 2 0 17 (1.0485, 1.3105, 2.1817, 3.0375 )
I5 2 0 2 11 0 24 8 4 9 (0.5955, 0.7631, 1.1882, 1.5272 )
I6 11 13 1 1 0 8 10 0 16 (1.4090, 1.8972, 3.2046, 4.1556 )
I7 7 2 7 11 10 2 3 1 17 (1.1296, 1.4376, 2.2058, 2.5974 )
I8 14 1 5 8 6 3 5 16 2 (1.4062, 1.8954, 2.9726, 3.2921 )
I9 9 5 0 19 15 7 3 1 1 (1.4273, 1.8213, 2.7912, 3.2919 )
I10 12 2 0 5 5 9 16 5 6 (1.1958, 1.6140, 2.5387, 2.9885 )
I11 18 4 11 2 6 0 8 2 9 (1.8176, 2.4482, 3.8991, 4.4629 )
I12 3 1 1 17 7 4 10 7 10 (0.7656, 0.9578, 1.4499, 1.8528 )
I13 0 9 8 1 9 0 5 11 17 (0.7894, 0.9596, 1.5869, 2.3466 )
I14 5 5 5 9 12 1 1 2 20 (1.0548, 1.3178, 2.0433, 2.5226 )
I15 4 5 4 11 6 18 7 0 5 (1.0114, 1.2853, 2.0357, 2.6403 )
I16 0 4 1 16 25 1 1 9 3 (0.8974, 1.0201, 1.4211, 1.8240 )
I17 8 0 1 4 0 10 24 5 8 (0.8205, 1.1206, 1.7769, 2.2579 )
I18 9 11 9 4 1 0 14 4 8 (1.4167, 1.8811, 3.1508, 4.1841 )
I19 3 1 2 2 3 9 1 37 2 (0.5129, 0.6848, 1.0995, 1.3087)

Then by Eq. (2), the fuzzy index value of hydropower station 1 is converted into real number
value, which is shown in the 1st column of Table 5. Other columns of Table 5 are the index value
data of else hydropower stations, which are obtained by same method.

Assuming that the weight assignment is given by decision-makers as shown in Table 6, below
is the evidence synthesis process.

According to the index value shown in Table 5 and index weight shown in Table 6, the two-
story evidence synthesis shown in Fig. 2 is implemented for the assessment of small hydropower
stations as follows.

Based on Eq. (12), the weighted BPA functions of all focal elements on each index are
obtained as shown in Table 7. Here, to make the data more efficient in finite digits, the index
weight values are expanded proportionally. For example the maximum weight value (wI16 =
0.0803) is expanded to 0.95.

According to Eqs. (13) and (14), evidence synthesis is carried out based on the data in
Table 7. BPA functions �A1 , �A2 , �A3 and �A4 are obtained as shown in Table 8.
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Table 5: The index value

1 2 3 4 5 6

I1 1.8352 2.0885 1.3513 2.0476 2.1711 2.4456
I2 2.5068 1.9040 2.1014 3.4414 1.1824 2.8148
I3 3.2095 1.8491 1.7564 3.4396 2.2106 1.4954
I4 1.8946 1.1412 2.1374 1.4896 1.7528 2.5219
I5 1.0185 1.8816 3.3921 1.0834 1.5633 1.4716
I6 2.6666 3.2113 3.6494 0.9920 1.8987 2.1744
I7 1.8426 1.8359 2.4733 2.7961 2.5863 2.3306
I8 2.3916 1.8849 1.6046 1.5430 1.9079 1.5120
I9 2.3329 1.5699 3.4793 1.2027 1.8001 1.8255
I10 2.0842 2.2339 1.6929 3.4589 1.4291 3.1277
I11 3.1569 2.9947 2.0574 1.3634 2.4986 2.8924
I12 1.2565 1.5139 1.8758 2.2592 1.9604 2.0256
I13 1.4206 1.7997 1.5037 1.4198 2.0056 1.7570
I14 1.7346 2.4102 3.4173 2.4393 0.8773 1.6701
I15 1.7432 1.3526 2.6066 1.5466 1.4290 1.0562
I16 1.2907 2.5168 2.3760 2.1364 1.0729 3.7265
I17 1.4940 2.2383 1.8830 0.9498 1.8463 1.6289
I18 2.6582 1.7362 1.2071 0.8148 2.2122 1.4570
I19 0.9015 2.2732 5.1946 1.4683 1.6932 1.3873

Table 6: The weight assignment

Attribute Attribute weight value Index Index weight value

A1 0.2866

I1 0.0462
I2 0.0662
I3 0.0803
I4 0.0353
I5 0.0586

A2 0.2403

I6 0.0577
I7 0.0363
I8 0.0506
I9 0.0509
I10 0.0448

A3 0.3428

I11 0.0357
I12 0.0487
I13 0.0402
I14 0.0732
I15 0.0647
I16 0.0803

A4 0.1303
I17 0.0446
I18 0.0561
I19 0.0296
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Table 7: The weighted BPA functions of all focal elements on each index

Index BPA function π1 π2 π3 π4 π5 π6 �

I1 �1 0.0840 0.0956 0.0619 0.0937 0.0994 0.1120 0.4534
I2 �2 0.1407 0.1069 0.1180 0.1932 0.0664 0.1580 0.2168
I3 �3 0.2184 0.1258 0.1195 0.2341 0.1504 0.1018 0.0500
I4 �4 0.0723 0.0436 0.0816 0.0569 0.0669 0.0963 0.5824
I5 �5 0.0678 0.1253 0.2259 0.0721 0.1041 0.0980 0.3067
I6 �6 0.1247 0.1502 0.1707 0.0464 0.0888 0.1017 0.3174
I7 �7 0.0571 0.0569 0.0766 0.0866 0.0801 0.0722 0.5705
I8 �8 0.1320 0.1041 0.0886 0.0852 0.1053 0.0835 0.4014
I9 �9 0.1151 0.0774 0.1716 0.0593 0.0888 0.0900 0.3978
I10 �10 0.0788 0.0844 0.0640 0.1307 0.0540 0.1182 0.4700
I11 �11 0.0891 0.0845 0.0581 0.0385 0.0705 0.0816 0.5776
I12 �12 0.0665 0.0801 0.0992 0.1195 0.1037 0.1072 0.4238
I13 �13 0.0682 0.0864 0.0722 0.0682 0.0963 0.0844 0.5244
I14 �14 0.1197 0.1663 0.2358 0.1683 0.0605 0.1153 0.1340
I15 �15 0.1371 0.1064 0.2050 0.1216 0.1124 0.0831 0.2346
I16 �16 0.0935 0.1822 0.1721 0.1547 0.0777 0.2698 0.0500
I17 �17 0.0785 0.1176 0.0990 0.0499 0.0970 0.0856 0.4724
I18 �18 0.1749 0.1143 0.0794 0.0536 0.1456 0.0959 0.3363
I19 �19 0.0244 0.0616 0.1408 0.0398 0.0459 0.0376 0.6498

Table 8: The BPA functions of all focal elements on each attribute

Attribute BPA function π1 π2 π3 π4 π5 π6 �

A1 �A1 0.1972 0.1269 0.1586 0.2439 0.1255 0.1333 0.0147
A2 �A2 0.1718 0.1559 0.2048 0.1123 0.1258 0.1462 0.0832
A3 �A3 0.0959 0.1842 0.2760 0.1654 0.0645 0.2060 0.0080
A4 �A4 0.1582 0.1568 0.1544 0.0679 0.1600 0.1142 0.1885

Through Eq. (15), BPA functions �A1 , �A2, �A3 and �A4 are normalized based on the data
in Tables 6 and 8. The normalized BPA functions are shown in Table 9.

Table 9: The normalized BPA functions of all focal elements on each attribute

Attribute BPA function π1 π2 π3 π4 π5 π6 �

A1 �A1 0.0565 0.0364 0.0454 0.0699 0.0360 0.0382 0.7176
A2 �A2 0.0413 0.0375 0.0492 0.0270 0.0302 0.0351 0.7797
A3 �A3 0.0329 0.0631 0.0946 0.0567 0.0221 0.0706 0.6599
A4 �A4 0.0206 0.0204 0.0201 0.0089 0.0209 0.0149 0.8943

According to Eqs. (16) and (17), evidence synthesis is carried out based on the data in
Table 9. Total BPA function �A is obtained as shown in Table 10.
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Table 10: The total BPA functions of all focal elements

BPA function π1 π2 π3 π4 π5 π6 �

�A 0.0911 0.0970 0.1333 0.1016 0.0637 0.0989 0.4144

The ranking result of 6 small hydropower stations in Guangxi can be obtained by sorting
total BPA functions in descending order. Therefore, the assessment result of green intelligent plan-
ning and transformation in this case is: hydropower station 3, hydropower station 4, hydropower
station 6, hydropower station 2, hydropower station 1 and hydropower station 5. Hydropower
station 3 is the optimal hydropower station.

According to the index value data in Table 5 and weight assignment data in Table 6,
VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) [24] and Preference Ranking
Organization Method for Enrichment of Evaluations II (PROMETHEE II) [25] are adopted
to make the comparison experiments for the feasibility verification of the proposed assessment
framework. The comparison of the ranks of the 6 small hydropower stations based on the
proposed framework, VIKOR and PROMETHEE II is shown in Table 11. As can be seen in
Table 11, ranking of the 6 small hydropower stations according to the different approaches
used in order to evaluate of the reliability of the results shows that hydropower station 3
remained in first place for all approaches (proposed framework, VIKOR and PROMETHEE II),
while hydropower station 3 and hydropower station 4 are the top two hydropower stations and
hydropower stations 1 and 5 are the last two hydropower stations. There is a change in the
ranking of hydropower stations 2 and 6 using VIKOR whereby they changed places; while there
also is a change in the ranking of hydropower stations 1 and 5 using PROMETHEE II whereby
they changed places. Therefore, it shows that the framework proposed in this paper is feasible.
In view of the advantages of evidence synthesis theory in dealing with the conflict between
index values, the results obtained by this proposed framework are more reliable than VIKOR and
PROMETHEE II.

Table 11: The rank comparison of 6 small hydropower stations based on the proposed framework,
VIKOR and PROMETHEE II

Small hydropower station Rank

Proposed framework VIKOR [24] PROMETHEE II [25]

1 5 5 6
2 4 3 4
3 1 1 1
4 2 2 2
5 6 6 5
6 3 4 3

6 Discussions

Based on the data in Table 7, comparative analysis of the weighted BPA functions of 6
hydropower stations on the 19 indexes are shown in Figs. 3–6.
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Figure 3: Comparative analysis of the weighted BPA functions of 6 hydropower stations: on the
five indexes of power station economy attribute
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Figure 4: Comparative analysis of the weighted BPA functions of 6 hydropower stations: on the
five indexes of ecological environment attribute
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Figure 5: Comparative analysis of the weighted BPA functions of 6 hydropower stations: on the
six indexes of technical safety management attribute
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Figure 6: Comparative analysis of the weighted BPA functions of 6 hydropower stations: on the
three indexes of social benefits attribute

Based on the data in Table 9, comparative analysis of the normalized BPA functions of 6
hydropower stations on the four attributes are shown in Fig. 7.
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Figure 7: Comparative analysis of the normalized BPA functions of 6 hydropower stations on the
four attributes

It can be seen from Table 10, Figs. 3–7 that the index system (Fig. 1) constructed in this
paper takes into account the green and intelligent assessment of power stations and the proposed
assessment method can reasonably classify the power stations. Fig. 3 shows the development
potential and fund-raising capacity of 6 small hydropower stations; Fig. 4 shows the current
situation of green and sustainable development of 6 small hydropower stations; Fig. 5 reflects
the difficulty of intelligent transformation of various hydropower stations; and Fig. 6 shows the
social influence of various hydropower stations. Compared with other hydropower stations, 3 and
4 have obvious advantages in four attributes, which not only meet the requirements of green
development, but also have the feasibility of intelligent transformation, so they can be directly
planned and transformed.
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7 Conclusions

In this paper, the assessment framework of green and intelligent planning and transformation
of small hydropower stations is studied. 19 indexes are selected from four dimensions to form
the assessment index system of green and intelligent planning and transformation of small
hydropower stations. Multi-expert judgment aggregation based on fuzzed comparison scale and
two-story evidence synthesis are used to comprehensively assess the green and intelligent planning
and transformation of 6 small hydropower stations. The following conclusions can be drawn
through the application analysis of the example.

(1) The assessment index system and comprehensive assessment method constructed in this
paper can carry out scientific and objective assessment of small hydropower stations,
and achieve classification transformation according to the evidence synthesis result, which
provides decision-making basis for green and intelligent planning and transformation of
small hydropower stations.

(2) For the green intelligent small hydropower station which is in the initial development stage,
trapezoidal fuzzy number is more suitable for experts to carry out index assignment work.

(3) Evidence synthesis can reduce personal subjective interference, extract more abundant and
accurate information from index value set, and further obtain objective and accurate
decision-making results.
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