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Abstract. Under the background of the new electricity system reform, the power grid

investment players have more economic requirements for Distribution Investment, and the economic

and social bene�ts brought by Distribution Investment are paid more attention. This paper presents

a model considering voltage level for evaluating the input and output e�ciency of the distribution

network.Firstly, the input and output evaluation system of distribution networks covering di�erent

voltage level and di�erent categories is constructed. Secondly, through the analysis of the relevance

of distribution project, a model which includes input-output bene�t of distribution network is

constructed based on gray relational ideal solution. On the basis of the above, the strategy of

dynamic adjustment of the resolution coe�cient is put forward, and the e�ective evaluation of the

input and output e�ciency of the distribution network is realized. The results of the study prove

the e�ectiveness of the proposed method.

Key words. Distribution network investment, Input-output bene�t evaluation, Index system,

Gray relational ideal solution.

1. Introduction

A new round of power system reform has entered the implementation stage. No.
nine civilization clearly put forward "orderly release of placing of electric business
to social capital", and the distribution services will be gradually introduced into the
market competition[1-2]. In the development of distribution network planning, in
order to protect the company's stable operation, each year power grid enterprises
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will invest a lot of manpower, material and �nancial resources; In the production
and operation of distribution network, through the realization of production goals,
personnel performance appraisal, power grid enterprises measure the e�ectiveness
of investment judgments, but the outputs and the resources of the distribution net-
work are not analyzed, and the e�ciency of the operation process is not re�ected
in the input of the distribution network side into the output, which can not be
used to evaluate the resource allocation and resource utilization of the distribution
network[3].

At present, some related researches have been carried out both at home and
abroad. Literature [4] establishes the investment bene�t evaluation and decision
model of distribution network with 35 kV and below from the aspects of overall
investment bene�t, investment decision and so on. In literature [5], a model of
network investment evaluation under incentive supervision with multi-period opti-
mization power �ow and regulatory constraints is proposed. In literature [6], a new
stochastic optimization model for distribution network investment considering the
demand side response and coordinated voltage control is proposed. In literature
[7-8], based on system dynamics method, the reliability index of grid investment is
analyzed, and the investment optimization simulation model of distribution network
is established. In literature [9], In di�erent models of investment and �nancing, the
economic evaluation model of grid connected distribution system and photovoltaic
energy storage system is established. In addition, the literature [10] re�ects the
overall contribution of the investment to the income through the bene�t index, and
establishes the evaluation model with entropy weight method and comprehensive
scoring method.

It can be seen that the existing results of the research still exist disadvantages in
the following two aspects:

1)The current research is mainly focused on the evaluation system based on the
e�ciency of input index of distribution network, and the comprehensive input and
output indicators have not been considered, and the overall input-output e�ciency
of the distribution network can not be re�ected, and a partial input-output e�ciency
evaluation can not be carried out.

2) Most of the research is only using the deterministic method, failed to consider
the impact of uncertain factors on the operation process of the distribution, and the
lack of in-depth analysis (evaluation of input-output bene�t of distribution network
considering voltage distribution), therefore, the evaluation results often have great
deviations from the actual situation, which reduces their guiding signi�cance for
planning decisions.

In view of this, based on the previous work, this paper further studies the input-
output evaluation system of distribution network. First of all, according to the
voltage level and di�erent evaluation utility, a comprehensive evaluation index sys-
tem of input and output bene�t based on correlation analysis of distribution network
project is put forward; Secondly, the evaluation model of input and output bene�ts
of distribution network is constructed based on the method of the comprehensive
weighting strategy which is combined with expert scoring and central point distance
method; On this basis, in order to avoid the adverse e�ects of other uncertainties on
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the evaluation results, a dynamic adjustment strategy based on the resolution coef-
�cient is proposed to realize the e�ective evaluation of the input-output e�ciency of
the distribution network.

2. E�ciency evaluation index system considering sub-voltage
level

2.1. Index selection idea

To construct the bene�t index system, we should make clear the types of input
and output indexes, and analyze the correlation between them, and conclude the
key indexes of input and output. Generally speaking, the input indicators mainly
refer to the investment of various projects, such as to solve the equipment over-
load and overload investment; the output indicators mainly include the quantity,
quality, e�ciency, bene�t of the relevant outputs, and the corresponding distribu-
tion network attributes are power supply capability, power supply quality, power
grid e�ciency and comprehensive bene�ts. In addition, the supporting indexes of
distribution network should be considered as input-output, such as power grid struc-
ture, equipment level, etc. The input-output evaluation index system of the "olive
shaped" distribution network is shown in �gure 1-1.

Fig. 1. 1-1 Relation between input and output evaluation index system of "olive
shaped" distribution network

2.2. Index System Design

In this paper, we consider the enterprise input resources and output data under
the sub-voltage level, and the evaluation index system of input and output cov-
ering input and output indicators is constructed, which covers three aspects that
contain power supply capability improvement, power grid structure upgrading and
equipment level promotion. As is shown in table 1-1.
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Table 1.1-1 Input and output bene�t evaluation index system of distribution network
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Voltage
level

Evaluation
attribute

Index name Index
unit

Index meaning

A.110kV
distri-
bution
network

A1.Unit
investment
power grid
capacity
upgrade

A11.Lifting 110kV vari-
able load ratio

% An increase in the 110kV variable load
ratio per million investment

A12.Solving the number
of 110kV heavy overload
lines

- Refers to the number of 110kV over-
loaded lines addressed per million yuan
of investment

A13.Resolving the 110kV
overload primary vari-
ables

- Refers to the number of 110kV overload
primary variables solved per million in-
vestment

A2.Unit
invest-
ment grid
structure
upgrade

A21.Increasing the pass
rate of "N-1" for 110kV
main transformer

% Refers to the conversion rate of 110kV
master change N-1 per million yuan in-
vestment

A22.Increasing the pass
rate of "N-1" on 110kV
lines

% Refers to the 110kV line pass rate of N-1
per million yuan investment promotion

A3.Unit
investment
equip-
ment level
upgrade

A31.Improving the stan-
dardization rate of 110kV
line section

% Refers to the standardized rate of cross
sectional 110kV lines per million yuan
of investment

A32.Increasing the stan-
dardization rate of capac-
ity of 110kV main trans-
former

% The standardized rate of 110kV main
transformer capacity per million yuan
investment

A33.Increasing the pro-
portion of 110kV on load
tap changer

% Refers to the increase in the cost per
million investment of 110kV on load tap
changer

B.35kV
distri-
bution
network

B1.Unit
investment
power grid
capacity
upgrade

B11.Upgrading the 35kV
variable capacitance to
load / million

% An increase in the 35kV variable load
ratio per million investment

B12.Solving the number
of 35kV heavy overload
lines

- Refers to the number of 35kV over-
loaded lines addressed per million yuan
of investment

B13.Resolving the 35kV
overload primary vari-
ables

- Refers to the number of 35kV overload
primary variables solved per million in-
vestment

B2.Unit
invest-
ment grid
structure
upgrade

B21.Increasing the pass
rate of "N-1" for 35kV
main transformer

% Refers to the conversion rate of 35kV
master change N-1 per million yuan in-
vestment

B22.Increasing the pass
rate of "N-1" on 35kV
lines

% Refers to the 35kV line pass rate of N-1
per million yuan investment promotion

B3.Unit
investment
equip-
ment level
upgrade

B31.Improving the stan-
dardization rate of 35kV
line section

% Refers to the standardized rate of cross
sectional35kV lines per million yuan of
investment

B32.Increasing the stan-
dardization rate of capac-
ity of 35kV main trans-
former

% The standardized rate of 35kV main
transformer capacity per million yuan
investment

B33.Increasing the pro-
portion of 35kV on load
tap changer

% Refers to the increase in the cost per
million investment of 35kV on load tap
changer

C.10kV
distri-
bution
network

C1.Unit
investment
power grid
capacity
upgrade

C11.Solving the number
of 10kV heavy overload
lines

- Refers to the number of 10kV over-
loaded lines addressed per million yuan
of investment

C12.Solving 10kV over-
load variables

- Refers to the number of 10kV over-
load changes allocated per million in-
vestment

C2.Unit
invest-
ment grid
structure
upgrade

C21.Enhancing the "N-1"
pass rate of 10kV distri-
bution lines

% Refers to the N-1 transmission rate of
10kV distribution lines raised by every
million yuan investment

C3.Unit
investment
equip-
ment level
upgrade

C31.Improving the stan-
dardization rate of 10kV
line section

% Refers to the standardized rate of cross
sectional 10kV lines per million yuan of
investment

C32.Increasing the stan-
dardization rate of 10kV
distribution capacity

% The standardized rate of 10kV distribu-
tion capacity of each million yuan in-
vestment

C33.Increasing insulation
rate of 10kV overhead
lines

% Refers to the insulation rate of 10kV
overhead lines raised by every million
yuan investment
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3. Input-output e�ciency evaluation based on grey relational
ideal solution combination model

3.1. Ideal solution of grey relation

Technique For Order Preference By Similarity To Ideal Solution(TOPSIS) is a
method proposed by C.L.Hwang and other scholars to solve the multi-objective
decision-making method. The principle of TOPSIS is simple and the requirement of
raw data is not high, so it has been widely used in the �eld of power safety accident
risk operation planning, bene�t analysis of distributed power deliver, Hierarchical
evaluation of intelligent distribution network.

However, the traditional TOPSIS has been di�cult to guarantee the e�ectiveness
of the evaluation results. In view of this, this paper quoted by weighting method
which combines the expert scoring method with the central point distance method.
On this basis, using the dynamic adjustment strategy of resolving coe�cients, the
gray relational ideal point analysis method is constructed and applied to the actual
research on input-output bene�t evaluation of distribution network.

3.2. Index combination weighting setting

For the evaluation of the input-output e�ciency of distribution network, the
weight assignment should be carried out according to the importance of each index
in table 1-1. This paper, which uses a new combination weight based on the expert
scoring-center distance, can not only re�ect the importance of each index, but also
re�ect the value of input and output data.

The center point distance method is used as a data-driven empowerment method
to re�ect the extent and range of in�uence of relevant indicators on the target by
calculating the distance between the index values and their respective center points,
which can e�ectively deal with various types of indicators. Based on the above-
mentioned method, the concrete steps of the index weighting are given as follows:1)
Construct the basic data decision matrix X. For all the elements in the matrix X,
the evaluation index j of the index evaluation system constructed in this paper is
deterministic. The decision matrix X m×n is constructed for the evaluation scheme
set W=w1w2. . .wi. . .wmand the evaluation index set I=i1i2. . .ij . . .in;2) Due to the
inherent di�erences in the dimension and type of the evaluation index j, the basic
data of the candidate program needs to be standardized. For the bene�t type and
cost type indexes, the corresponding standardized formulas are respectively formula
(1) and formula (2).

bij =
bij

Σm
i=1bij

(1)

bij =

1
bij

(Σm
i=1

1
bij

)
(2)

Among them, i=1, 2, . . . , n j=1, 2, . . . , m, and bij [0, 1]. The index decision
matrix after standardization is represented by Rm×n. 3)Aiming at the normalized
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index matrix Rm×n,according to formula (3) and (4), the central point of each
evaluation index j and the distance named Lj between the index value of each selected
plan to the center point are calculated respectively. Among them, Lj is the coe�cient
of variation, which indicates the degree of variability of each index value.

bj =
(Σm

i=1bij)

m
(3)

Lj =
Σm

i=1 (bj − bij)
m

(4)

4)The coe�cient of variation Lj of the index value of each selected scheme is
normalized, and the distance weight factor j of each evaluation index j is determined,
as shown in formula (5)

λj =
Lj(

Σn
j=1Lj

) (5)

5)Based on the weight value of the expert scoring and the center distance method,
considering the input and output factors of each distribution network, the linear

combination method is adopted to determine the combination weight value
−
λ
J
of each

evaluation index j.
−
λ
J

= µλJ + (1− µ)
′

λ
J

(6)

Among them,
′

λ
J
represents the weight value of the index j determined by the expert

scoring method, µ represents the proportional adjustment coe�cient of the combined
weight, and µ satis�es µ [0, 1]. In combination with the practical application, the
value of µ in this paper is 0.5.

3.3. Consider the dynamic adjustment of resolution coe�-
cients

The important step of the evaluation index system in this paper is to quantify
the di�erence between the input-output evaluation objective and the ideal solution
of the distribution network. In any evaluation scheme i, the degree of di�erence
between the evaluation index j and the positive and negative ideal solutions can
be expressed by the positive correlation coe�cientγ+ijand the negative correlation

coe�cientγ−ij , respectively, and the concrete quantitative calculation formulas are
shown in formula (7) and formula (8).

γ+ij =
min
i

min
j (4F+

ij ) + εmax
i

max
j (4F+

ij )

4F+
ij + εmax

i
max
j (∆F+

ij )
(7)

γ−ij =
min
i

min
j (4F−

ij ) + εmax
i

max
j (4F−

ij )

4F−
ij + εmax

i
max
j (4F−

ij )
(8)
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Among them, ∆Fij
+ means that the evaluation scheme i corresponds to the dis-

tance of positive di�erentiation of the index j, and ∆F ij
− stands for the distance

of negative di�erentiation of the evaluation index i corresponding to the index j.
By formula (7)and (8), we can see that the size of correlation coe�cientγ+ij is closely
related to the resolution coe�cient j . In this paper, the distribution correlation de-
gree of the i and the sensitivity of the model to the evaluation object will be a�ected
by the value of the resolution coe�cient j . Generally, in practical applications, the
value of is set by the decision maker and has 0≤ ≤1, and usually the is identical to
the 0.5[20]. However, the method is a�ected by subjective decision making, and the
persuasiveness of the evaluation result is low. In many cases, the constant resolution
coe�cient will reduce the validity of the correlation coe�cient.

In order to avoid the shortcomings of the above mentioned methods, the dy-
namic adjustment strategy is adopted aiming at the inherent characteristics of the
resolution coe�cient, so that the input-output bene�t evaluation results are more
objective. For the dynamic adjustment of resolution coe�cient , dynamic values
should be dynamically determined according to the numerical distribution of the
speci�c data of the evaluation object. Speci�cally, we need to compute the average
di�erence dynamic distance 4Fj−var = (Σn

j=14F
+
ij )/m of any evaluation index j in

the evaluation scheme i. On this basis, the overall di�erence of normalized index
matrix Rm×n is analyzed, and the boundary value factor Dj of matrix Rm×n is
calculated, as shown in formula (9).

Dj =
4Fj−var

max
i

max
j (4F+

ij )
(9)

For any evaluation of j, There are j [0, 1]. Considering the in�uence factors
of input-output bene�t evaluation, the value of resolution coe�cient j is adjusted
dynamically. That is, when Dj=0, the range of j to 0<j≤1; when Dj(0, 0.5], j is

j=4D
2
j ; when Dj>0.5, 0.8≤j≤1. Based on the above dynamic adjustment strategy, it

can not only enhance the resolution ability of similar data of each evaluation scheme,
but also make di�erent evaluation indexes j corresponding to di�erent resolution
coe�cients j and avoid the adverse e�ects of human factors on evaluation results.

3.4. Solve the Process

Considering the sub-voltage level, the evaluation model of the input-output bene-
�t of the distribution network based on the grey relational ideal method is as follows:

1) According to the basic data of the evaluation scheme i, the numerical value of
the evaluation index j is calculated.

2) The decision matrix Xm×n is established, and the value of each evaluation
index is treated by dimensionless method. After the above standardization, the
normalized index matrix Rm×nis obtained. Based on the index matrix Rm×n, the
evaluation vector Wi=[bi1−var,bi2−var�· · · bij−var,bin−var] corresponding to the eval-
uation scheme set is calculated respectively, whichbij−varrepresents the median value
of each program corresponding to the evaluation index j.
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3) The corresponding weight value
−
λJof each input and output bene�t evaluation

index is calculated.
4) Determine the positive and negative ideal solutionsb+1 andb

−
1 corresponding to

the evaluation index j, and construct the positive ideal schemeW+=[b+1 ,b
+
2 ,· · · , b

+
j , · · · b+n ]

and the negative ideal scheme W−=[b−1 , b
−
2 , · · · b

−
j , · · · b−n ].

5) Based on the constructed positive and negative ideal schemes, the correspond-
ing resolution coe�cients j of each evaluation index j are determined according to
formula (9). On this basis, according to formula (7) and formula (8), the positive
correlation coe�cientγ+ijand the negative correlation coe�cientγ−ijof each scheme are
calculated.

6) Combine the weighted weights
−
λJand the positive and negative correlation

coe�cients into the positive ideal scheme, and calculate the grey relational grade
f the positive ideal schemeβ+

i = Σn
j=1λJγ

+
ijand the grey relational grade of the

negative ideal schemeβ−
i = Σn

j=1λJγ
−
ij .

7) Calculate the distanced+i =
√

Σn
j=1 (wi − w+)

2
of the evaluation scheme to the

ideal solution and the distance d−i =
√

Σn
j=1 (wi − w−)

2
of the negative ideal scheme

respectively. Respectively, the positive and negative ideals of the grey relational
grade β+

i andβ
−
i and the positive and negative ideal scheme distances d+i and d

−
i are

treated without a dimension.
8) Determine the closeness degree of all evaluation schemes i and ideal solutions

Si. he closer the Si is, the stronger the combination of the evaluation scheme and
the positive ideal scheme is, the better the input-output e�ciency of the distribution
network is; the smaller the Si is, the weaker the �t between the evaluation scheme
and the positive ideal scheme is, the worse the input-output e�ciency of the distri-
bution network is. Among them, si = s+i /

(
s+i + s−i

)
, ands+i is the deviation distance

between each evaluation scheme i and the positive ideal scheme, ands−i is the devia-
tion distance between each evaluation plan i and the negative ideal program. Based
on the above solution process, according to the calculation value of the degree of
adhesion Si, each evaluation scheme is sorted in sequence, and the corresponding
maximum is the best scheme determined by the model evaluation.

4. Example Analysis

4.1. Basic Data

In order to verify the practicability and validity of the model, in this paper, the
actual distribution network of four cities in China in 2015 are selected as the research
object, and the actual distribution network input data and output data of each city
are comprehensively evaluated and analyzed. For the sake of comparison, this paper
presents some of the basic data for the investment in di�erent provinces in 2015 as
shown in Table 3-1.

Table 3-1.Basis data of the distribution network in the cities of the province
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Distribution of network indicators (million) A
city

B city C
city

D
city

110kV dis-
tribution
network
investment

Total invest-
ment

New line investment 7689 29163 8707 7700

New substation investment 15382 43791 14348 15500

Infrastructure
investment

Solving equipment overload
and overload investment

646 513 314 925

Strengthening the investment
of space truss structure

6321 8181 7933 4251

Technical
transforma-
tion input

Line technical transformation
investment

315 840 178 559

Substation technical transfor-
mation investment

448 1145 120 906

Maintenance
input

Line maintenance investment 414 603 170 297

Substation maintenance invest-
ment

418 370 213 533

35kV dis-
tribution
network
investment

Total invest-
ment

New line investment 1807 3788 1863 2726

New substation investment 620 1793 1649 840

Infrastructure
investment

Solving equipment overload
and overload investment

362 589 867 457

Strengthening the investment
of space truss structure

4822 3341 1100 2415

Technical
transforma-
tion input

Line technical transformation
investment

336 739 521 542

Substation technical transfor-
mation investment

914 614 433 720

Maintenance
input

Line maintenance investment 373 165 560 280

Substation maintenance invest-
ment

168 468 408 212

10kV dis-
tribution
network
investment

Infrastructure
investment

Solving equipment overload
and overload investment

9979 4418 3554 6201

Strengthening the investment
of space truss structure

2360 2549 1773 1000

Technical
transforma-
tion input

Line technical transformation
investment

199 329 226 94

Substation technical transfor-
mation investment

478 526 545 376

Maintenance
input

Line maintenance investment 2197 4780 3326 4362

Substation maintenance invest-
ment

62 127 318 125
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4.2. Evaluation Calculation and Result Analysis

4.2.1. Index Weight and Resolution Coe�cient Calculation Based on the con-
structed input-output bene�t evaluation index system, combined with the 2.2 2.3
section of the expert scoring-center point distance combination weighting and the
distinguishing coe�cient dynamic adjustment strategy, the combination weights of
each evaluation index and the weights of the resolution coe�cients are calculated
for 4 cities at each voltage level, as shown in table 3-2.

Table 3-2. Index weight and scale factor

Voltage
level

Evaluation
attribute

index
name

Expert scor-
ing weight

Center dis-
tance weight

Combination
weight

Resolution
coe�cient

A A1 A11 0.059 0.025 0.042 0.840

A12 0.048 0.087 0.068 1.000

A13 0.044 0.032 0.038 0.761

A2 A21 0.052 0.057 0.055 0.959

A22 0.047 0.020 0.034 0.877

A3 A31 0.041 0.025 0.033 0.712

A32 0.039 0.013 0.026 0.853

A33 0.045 0.079 0.062 0.968

B B1 B11 0.050 0.062 0.056 0.667

B12 0.048 0.101 0.075 0.923

B13 0.044 0.062 0.053 0.908

B2 B21 0.046 0.019 0.033 0.629

B22 0.048 0.021 0.035 0.883

B3 B31 0.049 0.009 0.029 0.807

B32 0.040 0.077 0.059 0.925

B33 0.035 0.016 0.026 0.974

C C1 C11 0.051 0.062 0.057 0.742

C12 0.045 0.051 0.048 0.851

C2 C21 0.055 0.081 0.068 0.840

C3 C31 0.039 0.032 0.036 0.690

C32 0.031 0.049 0.040 0.852

C33 0.044 0.020 0.032 0.948

The above results show that the combination weights based on the linear weights
of the principal and objective weights are more stable and e�ective. At the same
time, because the input and output indexes of the distribution network have their
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own units and orders of magnitude, there may be some degree of inequality. To solve
the evaluation index j, the input and output bene�t indicators need to be treated in
a dimensionless way.

4.2.2. Input-Output Bene�t Evaluation Results The value of the evaluation
scheme i corresponding to the evaluation index j is calculated, as shown in table
3-3. Overall, the lifting evaluation attributes of the power supply capability of the
unit investment grid under each voltage level are less sensitive, which shows that the
investment in various areas of the city to ensure the safety and reliable operation of
the power grid tends to be stable in every year; In the unit investment grid structure
to enhance the evaluation attribute, under each voltage level, the City C's the main
transformer "N-1" pass rate and line "N-1" pass rate are signi�cantly lower than the
other three cities, which indicates that the investment in strengthening the structure
of the grid is the same as that of other cities, but its output e�ciency is low, and it
is necessary to re-plan and design the investment scheme of the grid structure under
each voltage level.

Table 3-3. Results of input and output indicators of various cities

Evaluating
Indicator

A
city

B city C
city

D
city

Evaluating
indicator

A
city

B city C
city

D
city

A11 2.09 2.67 2.06 2.01 B21 70% 71% 68% 92%

A12 2 1 1 3 B22 94% 94% 82% 85%

A13 2 8 1 2 B31 87% 85% 82% 91%

A21 89% 86% 70% 89% B32 82% 89% 82% 84%

A22 92% 97% 95% 97% B33 90% 87% 100% 98%

A31 79% 89% 90% 92% C11 72 41 49 35

A32 89% 94% 90% 88% C12 56 181 105 165

A33 95% 92% 90% 98% C21 44% 41% 37% 48%

B11 1.91 2.31 2.16 2.32 C31 88% 83% 75% 80%

B12 2 7 2 5 C32 82% 81% 77% 98%

B13 2 10 5 2 C33 63% 73% 54% 78%

According to the evaluation results, the positive and negative ideal solutions were
W+=[0.596, 0.462, 0.358, 0.422, 0.287, 0.379, 0.412, 0.296, 0.221, 0.384, 0.501, 0.329,
0.242, 0.480, 0.359, 0.519, 0.367, 0.326, 0.351, 0.386, 0.443, 0.466] and W−=[0.479,
0.332, 0.274, 0.301 0.198, 0.234, 0.398, 0.275, 0.202, 0.302, 0.469, 0.278, 0.185, 0.359,
0.331, 0.473, 0.343, 0.248, 0.295, 0.365, 0.358, 0.374]. The positive and negative cor-
relation coe�cientsγ+ijandγ

−
ijof each scheme and the grey relational gradeβ+

i andβ
−
i of

the positive and negative ideal schemes are determined. The speci�c calculation re-
sults are shown in table 3-4.

Table 3-4. The province around the city distribution network into the comprehensive evaluation
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results

Calculation result A city B city C city D city

β+
i 0.731 0.707 0.621 0.862

β−
i 0.597 0.642 0.852 0.597

d+i 0.828 0.793 0.973 0.629

d−i 0.731 0.601 0.941 0.369

Finally, the comprehensive evaluation results of di�erent cities were 0.596, 0.562,
0.417 and 0.663 respectively. According to the sorting of evaluation value, the degree
of merit of input and output bene�t evaluation scheme of distribution network is D
City, A City, B city and C city. Combined with the basic data of various provinces
and cities, considering analysis of numerical results, we can see that although the
capital invested annually in the distribution network convergence, network output
bene�t is a large gap, which also verify the validity of input and output e�ciency
of the model in the paper. From the horizontal regional dimension, with a new
round of power system reform and the regional energy development of the Internet,
the e�ciency of city distribution network investment by di�erent voltage shows a
rising trend, D city and A City can maintain the existing scale of investment and
continue to improve the economic bene�ts of the city distribution network; C city
needs to readjust the investment plan of distribution network, with emphasis on
the key input indexes a�ecting the power grid bene�t, the quality of power supply
and the e�ciency of power grid. Although this paper only compares the input and
output economic bene�ts of the distribution network in 2015, the model constructed
in this paper is still applicable to the evaluation of input-output e�ciency in the
years.

5. Conclusion

The paper, which focus on the core issue of the evaluation of the input and output
e�ciency of the distribution network with the sub-voltage level, proposes a gray
relational ideal solution model based on the comprehensive weighting method and
the uncertain dynamic adjustment strategy. The main conclusions and achievements
of this research include the following aspects:

First, according to the di�erent voltage level and the evaluation utility, through
the analysis of the relationship between input and output items of the distribution
network, a comprehensive evaluation index system of input and output bene�ts is put
forward. The index system comprehensively considers the corresponding relationship
between the input index and the output index, which not only re�ects the input-
output e�ciency of the whole distribution network, but also can be applied to the
input and output e�ciency of a certain local power grid and a certain voltage level
assessment, both holistic and targeted.

Second, the expert scoring and center distance method are combined to design
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and calculate the index weight, which weakens the adverse e�ects caused by subjec-
tive factors and objective error and improves the evaluation of scienti�c rationality
to a certain extent. At the same time, the dynamic adjustment strategy of resolu-
tion coe�cient is introduced, and the bene�t evaluation model of the ideal method
of grey relation is constructed, and the accurate evaluation of the input and output
bene�ts of the distribution network is realized.

Third, the evaluation of bene�ts have been done due to the lateral region of the
city. The numerical results show that although the capital invested in the distribu-
tion network convergence, network output bene�t is a large gap, which also verify
the validity of input and output e�ciency of the model that is also applicable to the
longitudinal time dimensions.
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