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Abstract. Based on the development status and operational characteristics of 
regional power grids, an evaluation index system for investment capacity of 
power grid enterprises is established. The projection pursuit model is used to 
determine the weight of the index, and combined with grey correlation theory, 
the comprehensive benefit evaluation value of power grid enterprises in each 
region is calculated. On this basis, a multi-objective investment decision model 
based on benefits is proposed, which realizes the optimal allocation of invest-
ment to power grids in various regions and provides guidance for power grid 
enterprises in their investment planning. 
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1 Introduction 

It is clearly stated in the power development plan that the accuracy of power grid 
benefit evaluation plays an important role in achieving refined management of the 
power grid. For the hard problem of consciousness of identification of vulnerable 
nodes in complex power grids, the existing literature proposes the following solu-
tions: 

One is the comprehensive evaluation model of grey correlation degree using ana-
lytic hierarchy process (AHP), which achieves a good combination of expert experi-
ence subjectivity and node data objectivity [1]; The second is a comprehensive evalu-
ation method based on the perspective of power grid operation [2]; The third is the 
fusion of subjective and objective weights [3]. Currently, some scholars have con-
ducted research on investment allocation decisions in power grid enterprises. Based 
on the results of the benefit evaluation, funds are allocated proportionally, but the 
requirement for maximizing investment benefits is ignored [4]. By optimizing and 
solving the variable weight theory based investment decision model, the investment 
priorities of different enterprises are highlighted. However, the factors considered are 
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limited, and budget allocation cannot be based on the development status of power 
grids in different regions [5]. 

In summary, existing literature on indicator weights has a certain subjectivity, and 
lacks research on the rational allocation of power grid funds in various regions. This 
paper introduces the projection pursuit and grey theory to evaluate the benefit of pow-
er grids in various regions, which can achieve reasonable allocation of budget funds 
and improve the level of refined management of power grids. 

2 Construction of evaluation index system for regional 
power grid investment capacity 

For the power grid, the evaluation of investment capacity has strong strategic signifi-
cance for determining the reasonable investment scale of the power grid. According to 
the development status and operational characteristics of the regional power grid, the 
indicator system constructed should consider four aspects: economy, scale, operation, 
and society. The evaluation index system for the comprehensive investment capacity 
of regional power grids is shown in Table 1. 

Table 1. Comprehensive evaluation index system for investment capacity of regional power 
grids 

Level indica-
tor 

Secondary indicators Indicator 
attribute 

Economic 
Benefits (A) 

Asset liability ratio (A2) Cost type 
EBITDA profit rate (A3) Benefit type 
Increased sales of electricity per unit investment (A4) Benefit type 
Operation and maintenance fees for unit assets (A7) Cost type 

Grid scale (B) Annual maximum load rate (B1) Benefit type 
Installed capacity supported by unit substation (B2) Benefit type 
Installed capacity supported by unit line (B3) Benefit type 

Operating 
efficiency (C) 

Average load rate of the line (C1) Cost type 
Average load rate of main transformer (C2) Cost type 
Comprehensive line loss rate (C5) Cost type 

Social benefits 
(D) 

Proportion of new energy access (D1) Benefit type 
Saving standard coal (D2) Benefit type 
CO2 reduction (D3) Benefit type 

3 Evaluation model of power grid investment benefit 
based on projection pursuit and grey theory 

3.1 Projection pursuit model 

(1) Data standardization processing 
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The problem of comprehensive benefit evaluation of power grid enterprises can be 
described as follows: the set of 𝑚 objects to be evaluated is 𝑄 ൌ ሼ𝑄ଵ, 𝑄ଶ,… , 𝑄௠ሽ, and 
the index set of 𝑛 indicators is 𝑆 ൌ ሼ𝑆ଵ, 𝑆ଶ, … , 𝑆௡ሽ. Each indicator has different physi-
cal meanings, and the evaluation matrix is 𝑋 ൌ ൫𝑋௜௝൯௠ൈ௡. The extreme value method 

is used for data processing, and it is as follows [6]: 

 𝑌௜௝ ൌ ൞

௑೔ೕି୫୧୬௑೔ೕ
୫ୟ୶௑೔ೕି୫୧୬௑೔ೕ

, 𝑆௝ ∈ 𝑆௕

୫ୟ୶௑೔ೕି௑೔ೕ
୫ୟ୶௑೔ೕି୫୧୬௑೔ೕ

, 𝑆௝ ∈ 𝑆௖
 (1) 

where max𝑋௜௝ and min𝑋௜௝ are the maximum and minimum values of the j-th indica-
tor, respectively; 𝑋௜௝ is the evaluation value of the indicator; 𝑆௕ and 𝑆௖ are the sub-
script sets of benefit and cost type indicators in S. 

(2) Construct projection index function 
Essentially, the main purpose of projection is to map high-dimensional data to low-

dimensional subspaces to find feature projection vectors that reflect the original high-
dimensional data structure. Project the standardized evaluation matrix 𝑌, and the pro-
jection value 𝑃௜ of 𝑌 on the unit projection direction vector 𝑎 is: 

 𝑃௜ ൌ ∑ 𝑎௝𝑋௜௝
௡
௝ୀଵ  (2) 

where 𝑎 ൌ ሾ𝑎ଵ, 𝑎ଶ, … , 𝑎௡ሿ is the unit projection vector. 
The local projection points of the projection value should be condensed into sever-

al point clusters as much as possible, and the point clusters should be scattered as 
much as possible. Therefore, the projection index function can be expressed as [7]: 

 𝑄ሺ𝑎ሻ ൌ 𝐺ሺ𝑎ሻ𝐻ሺ𝑎ሻ (3) 

 𝐺ሺ𝑎ሻ ൌ 𝑆ሺ𝑎ሻ/𝐿ሺ𝑎ሻ (4) 

 𝑆ሺ𝑎ሻ ൌ ሾ∑ ሺ𝑃௜ െ 𝑃തሻଶ 𝑚⁄௠
௜ୀଵ ሿଶ (5) 

 𝐿ሺ𝑎ሻ ൌ ඥ∑ 𝑃௜
ଶ௠

௜ୀଵ  (6) 

where 𝐺ሺ𝑎ሻ  is composed of the standard deviation 𝑆ሺ𝑎ሻ  of 𝑃௜  and the module 
length 𝐿ሺ𝑎ሻ, with 𝑃ത  being the mean of 𝑃௜ . 𝐻ሺ𝑎ሻ describes the local density points 
after projection, and 𝐻ሺ𝑎ሻ can be defined as [8]: 

 𝐻ሺ𝑎ሻ ൌ ∑ ∑ ൫𝑅 െ 𝑟௜௝൯𝜀൫𝑅 െ 𝑟௜௝൯
௡
௝ୀଵ

௠
௜ୀଵ  (7) 

where 𝑅 represents the window radius of local density, and 𝑅 is taken as 0.1𝐿ሺ𝑎ሻ; 
𝑟௜௝ ൌ ห𝑃௜ െ 𝑃௝ห 𝐿ሺ𝑎ሻ⁄  represents the distance between samples; 𝜀ሺ𝑘ሻ  represents step 
function, and 𝑘 ൌ 𝑅 െ 𝑟௜௝. When 𝑘 ൒ 0, 𝜀ሺ𝑘ሻ ൌ 1; When 𝑘 ൏ 0, 𝜀ሺ𝑘ሻ ൌ 0. 

(3) Optimization model of projection index function 
When the evaluation value of the indicator in the sample is determined, the size of 

𝑄ሺ𝑎ሻ is related to the direction vector 𝑎. By constructing a maximization optimization 
model, the optimal projection vector can be calculated. 𝑎 is the unit projection direc-
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tion vector, and it satisfies ∑ 𝑎௝
ଶ௡

௝ୀଵ ൌ 1. Therefore, ω ൌ ሺ𝑎ଵଶ, 𝑎ଶ
ଶ, … , 𝑎௡ଶሻ can be used 

as the indicator weight vector. This model can reflect the degree of impact of different 
indicators on overall benefits, and solve the problem of subjective factors in weight 
determination. The optimization model for projection index function is as follows: 

 ቊ
max𝑄ሺ𝑎ሻ ൌ 𝐺ሺ𝑎ሻ𝐻ሺ𝑎ሻ

𝑠. 𝑡. ∑ 𝑎௝
ଶ௡

௝ୀଵ ൌ 1
 (8) 

3.2 Grey relational projection theory 

The grey relational projection method integrates projection theory with grey theory to 
quantitatively evaluate decision plans [9]. 

(1) Weighted grey correlation matrix 
Let 𝑌଴ ൌ ൫𝑌଴ଵ, 𝑌଴ଶ, … , 𝑌଴௝, … , 𝑌଴௡൯ be the ideal sample reference sequence, and 𝑌଴௝ 

be the maximum value of the j-th indicator value. The correlation degree 𝑒௜௝ between 
the two sequences can be: 

 𝑒௜௝ ൌ
୫୧୬

೔సభ,మ,…,೘
୫୧୬

ೕసభ,మ,…,೙
ห௒బೕି௒೔ೕหାఘ ୫ୟ୶

೔సభ,మ,…,೘
୫ୟ୶

ೕసభ,మ,…,೙
ห௒బೕି௒೔ೕห

ห௒బೕି௒೔ೕหା ୫୧୬
೔సభ,మ,…,೘

୫୧୬
ೕసభ,మ,…,೙

ห௒బೕି௒೔ೕห
 (9) 

where 𝜌 is the resolution coefficient, and there is 0 ൑ 𝜌 ൑ 1. This paper sets 𝜌 ൌ 0.5. 
The judgment matrix E ൌ ൫𝑒௜௝൯ሺ୫ାଵሻൈ୬  ( 𝑖 ൌ 0,1,2, … ,𝑚 ; 𝑗 ൌ 0,1,2, … , 𝑛 ) is com-

posed of ሺ𝑚 ൅ 1ሻ ൈ 𝑛 𝑒௜௝. 
(2) Grey correlation projection value 
Each evaluation scheme is treated as a row vector, where 𝜃௜ is the gray correlation 

projection angle and 𝜔௝ is the indicator weight column vector. The cosine of the angle 
between the evaluated solution 𝑄௜ and the ideal solution 𝑄଴ is [10]: 

 cos 𝜃௜ ൌ
ொ೔ொబ

‖ொ೔‖∙‖ொబ‖
ൌ

∑ ఠೕ௘೔ೕఠೕ
೙
ೕసభ

ට∑ ఠೕ
మ೙

ೕసభ ට∑ ൫ఠೕ௘೔ೕ൯
మ೙

ೕసభ

, 𝑖 ൌ 0,1,2, … , 𝑛 (10) 

The projection value of the evaluated scheme 𝑄௜ on the ideal scheme 𝑄଴ is the gray 
correlation projection value 𝑇௜, which is: 

 𝑇௜ ൌ ‖𝑇௜‖ cos 𝜃௜ ൌ
∑ ఠೕ

మ௘೔ೕ
೙
ೕసభ

ට∑ ఠೕ
మ೙

ೕసభ

ൌ ∑ 𝜔ఫതതത𝑒௜௝
௡
௝ୀଵ  (11) 

where 𝜔ఫതതത ൌ
ఠೕ
మ

ට∑ ఠೕ
మ೙

ೕసభ

. 

Using the 𝑇௜ value of each evaluated object as the benefit measurement standard, 
the larger the 𝑇௜  value, the higher the corresponding benefit value of the evaluated 
object. 
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4 The benefit based investment allocation decision method 

Based on the grey theory, the evaluation value of power grid benefits is obtained to 
achieve fund allocation for power grid investment decisions, maximizing the compre-
hensive benefits of the power grid, while minimizing the allocation results and plans 
of different allocation funds, so as to improve business performance, and optimize 
enterprise resource allocation. This paper establishes a multi-objective investment 
fund allocation optimization model as follows. 

 min𝑂 ൌ
ଵ

௠
ට∑ ሺ𝑓௜ െ 𝑓௜

଴ሻ௠
௜ୀଵ  (12) 

 max𝑍 ൌ ∑ 𝑓௜𝑇௜
௠
௜ୀଵ  (13) 

 s. t. ∑ 𝑓௜
௡
௜ୀଵ ൌ 𝐹 (14) 

 ฬ
௙೔
ೆା௙೔

ಽ

ଶ
െ 𝑓௜ฬ ൑

௙೔
ೆା௙೔

ಽ

ଶ
 (15) 

In the formula, 𝑓௜
଴ is the predicted investment funds for the i-th region's power 

grid, 𝑓௜ is the actual investment funds that can be allocated to the i-th region's power 
grid, 𝐹 is the total investment funds for each region's power grid, 𝑓௜

௎ and 𝑓௜
௅ are the 

corresponding lower investment limit and upper investment limit for the i-th region's 
power grid. 

5 Case analysis 

This paper selects four regional power grids under the jurisdiction of a certain prov-
ince, namely Q1, Q2, Q3, and Q4, as the research objects. 

(1) Determination of index weights by projection pursuit model 
Solve the projection index function optimization model using linear decreasing 

weight particle swarm optimization algorithm. Set the initial condition as: number of 
particle swarm N ൌ 50, learning factor 𝑈ଵ ൌ 2, 𝑈ଶ ൌ 2, maximum iteration number 
M ൌ 1000, 𝑢௠௔௫ ൌ 0.9, 𝑢௠௜௡ ൌ 0.4, and the calculated optimal projection direction 
and weight of each evaluation index are shown in Table 2. 

Table 2. Optimal projection direction and weights of indicators 

Indicator 
Optimal projec-

tion direction 
Weights Indicator 

Optimal projec-
tion direction 

Weights 

A2 0.034 0.0015 C1 0.273 0.1133 
A3 0.290 0.1269 C2 0.158 0.0378 
A4 0.154 0.0378 C5 0.278 0.1163 
A7 0.135 0.0272 D1 0.241 0.0921 
B1 0.067 0.0076 D2 0.302 0.0876 
B2 0.235 0.0831 D3 0.236 0.1375 
B3 0.295 0.1314    
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(2) Calculate grey correlation projection values 
According to the standardized judgment matrix, the positive ideal solution of each 

indicator to be evaluated is 1. Calculate the grey correlation coefficient under each 
indicator according to formula (9). According to formula (11), combined with the 
weights of various indicators, the comprehensive benefit evaluation values of power 
grid enterprises in various regions can be calculated, that is, 0.0185, 0.0271, 0.0259 
and 0.0323. 

(3) Decision allocation of investment funds 
While meeting the development of power grids in various regions, it is necessary to 

reduce investment in inefficient or ineffective assets, improve the overall investment 
efficiency of power grid enterprises, and further optimize the resource allocation of 
enterprises. The total investment budget of a certain provincial power grid enterprise 
is 1.052 billion yuan, and the investment capacity and predicted funds of power grid 
enterprises in various regions are shown in Table 3. 

Table 3. Investment capacity and predicted funds of power grid enterprises in various regions 

Regions 
Lower investment 
limit/ million yuan 

Upper investment 
limit/ million yuan 

Predicted budget/ 
million yuan 

Q1 213 261 231 
Q2 225 282 274 
Q3 217 265 258 
Q4 234 294 289 

Using the investment allocation model mentioned above and substituting the data 
in Table 3, and then using the gamultiobj function to solve, it is Q1=216 million yuan, 
Q2=280 million yuan, Q3=264 million yuan, and Q4=292 million yuan. The corre-
sponding decision accuracy (the difference ratio between allocated funds and predict-
ed funds) is 6.49%, 2.19%, 2.33%, and 1.04%, respectively. It can be seen that the 
decision model of investment funds proposed in this paper provides a scientific deci-
sion-making method for improving the overall efficiency of power grid enterprises 
and optimizing resource allocation. 

6 Conclusions 

This paper considers the investment benefits of power grids and conducts research on 
power grid investment decisions. The projection pursuit theory effectively solves the 
problem of subjective factors interfering with the determination of indicator weights 
in the process of evaluating the benefits of regional power grids. Furthermore, com-
bined with grey theory, the comprehensive benefits of each regional power grid are 
determined by solving the grey projection values. On this basis, with the goal of max-
imizing comprehensive benefits and minimizing investment differences, a benefit 
based investment allocation decision model is constructed, and a case study is carried 
out with an actual case of a region. The results show that the regional power grid in-
vestment decision model proposed in this paper can comprehensively consider the 
investment benefits and investment capacity of the regional power grid, thus provid-
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ing a new method for power grid enterprise benefit assessment and investment deci-
sion-making. 
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