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Abstract. Power grid distribution of investment in fixed assets involves power
grid infrastructure, small infrastructure, production and other technical upgrad-
ing, marketing, science and technology, informatization and other different busi-
ness areas, investment scale and structure difference, complex driving elements,
how to consider the company management and power grid development practice,
build scientific, quantitative, efficient and accurate fixed assets investment allo-
cation strategy is particularly important. Therefore, according to the analysis of
investment structure of various majors, combined with the analysis of historical
development level and key drivers, carry out research on the optimization of fixed
asset investment distribution strategy, promote the scientific distribution of fixed
asset investment of the company, and improve the efficiency of precision invest-
ment by relying on digital intelligence.

Keywords: power grid fixed assets investment, project type structure analysis,
investment demand analysis, investment distribution technology

1 Introduction

It is of great significance for provincial power grid enterprises to do a good job in in-
vestment planning by studying the accurate allocation and calculation method of in-
vestment, formulating a scientific and reasonable distribution plan, and avoiding inef-
ficient and ineffective investment and waste of resources.

Literature [1] uses the time series forecasting model to simulate and analyze histor-
ical data to verify the feasibility and operability of the model. Literature [2] divides
infrastructure investment into three parts: basic allocation investment, deduction of in-
vestment and adjustment of investment, and establishes a project investment decision
allocation model. Literature[3] proposes an investment allocation method based on dis-
tribution network evaluation. Literature [4] Firstly, the evaluation index system of dis-
tribution network investment effectiveness is established, and secondly, the investment
efficiency index is calculated according to the investment data of the past years, and
the investment share of the project is determined. Literature [5] uses logistic curve to
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fit the relationship between power grid performance and cumulative investment; The
investment allocation model is established with the goal of minimizing the variance of
the power grid performance margin.Literature [6] explores the use of System Dynamics
(SD) to model ESG investment strategies for power grid companies, offering a dynamic
approach to optimize investment decisions and predict future ESG investment scales
and efficiencies.Literature [7]presents a hierarchical agglomerative clustering-based
strategy for generating representative demand curves to optimize transmission expan-
sion planning and compares its efficiency with the K-means method using the IEEE
118-node network.

In present, the method of determining the investment allocation coefficient of differ-
ent regions and types, and the analysis of power grid investment projects and invest-
ment demand is relatively weak, resulting in a large deviation between the investment
allocation result and the actual demand of enterprises.

2 This Paper Studies the Technical Route

To accurately grasp the power grid enterprise own investment ability and local power
construction demand, optimize the structure of investment in fixed assets, improve the
overall economy of the construction of power grid and local effectiveness, drive and
promote the sustainable development of local economy, in accordance with the basic
route of fixed assets investment distribution final annual investment allocation plan.
The technical route of this paper is shown in Figure 1 below.
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As can be seen from Figure 1, the investment allocation method proposed in this
paper mainly includes the following implementation steps: (1) calculate and determine
the company's annual fixed asset investment scale; (2) Calculate and determine the
company's fixed asset investment structure for the year; (3) Determine the annual in-
vestment scale of each unit and profession to achieve "vertical to the end" investment
management.

3 Research on the Auxiliary Decision-making Technology of
Power Grid Investment Demand Based on Project Category
Analysis

3.1 Category Analysis of Power Grid Investment Projects

Power grid infrastructure engineering business includes the main network infrastructure
and distribution network infrastructure.among, The main network infrastructure type of
investment is mainly based on the investment objects, Divided into extension invest-
ment and new construction investment, According to the expected progress of the pro-
ject and the completion of the cumulative investment, The planning requirements of the
new investment, the investment strategy and the completion of the preliminary work of
the project; Distribution network infrastructure type investment is target-oriented, Ac-
cording to the optimization frame, solve safety hidden trouble, solve heavy overload,
meet structural load growth, improve the quality of voltage, meet the load growth, im-
prove power supply reliability optimization target from power supply characteristics,
technical characteristics, project attributes, profitability, history years investment allo-
cation situation multidimensional comprehensive consideration concluded annual in-
vestment proportion, Give play to support the company's business development, guar-
antee the operation of the power grid, and improve the function of electricity service;
in addition, Policy guidance will produce the highest priority investment guidance ef-
fect for power grid construction projects, Power grid construction projects shall deter-
mine the annual investment by considering the corresponding policies.

3.2 Empirical Auxiliary Analysis Based on the Percentage of Markov Chain

The preliminary probability statistics of Markov Chain are carried out by the investment
scale data of each professional category from 2016 to 2023. The change rates for vari-
ous investment categories across the years are summarized in Table 1.

Table 1. Change rates of various types of investment per year.

Production

Power grid Small infra- and other Mar!(etlng Science and .
Class . . technical re- Information
construction structure technical re- technology
form
form
2017 -5.02% 0.42% 1.46% 3.64% 0.14% 0.00%

2018 1.99% 1.50% 0.45% -5.03% -0.01% 0.53%
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2019 2.07% -1.41% 0.81% -1.68% 0.34% 0.42%
2020 0.71% 0.33% -1.44% -0.92% 0.08% 0.88%
2021 1.50% 0.21% 0.06% -0.32% -0.31% -1.14%
2022 0.98% -0.47% -0.94% 0.03% 0.01% 0.22%
2023 -0.06% -0.16% -1.14% 0.17% 0.00% 1.35%

Fall  (-55-0.5) (-1.5-0.5) (-1.5-0.5)  (-5,0.5)  (-1,-0.5)  (-1.5,-0.5)

Using the change probability matrix and the change rate of each interval, the propor-
tion of the smooth distribution of Markov chain is calculated and normalized and the
gray prediction of 6 types of professional investment demand in the next year (2024) is
obtained. The expected changes in the demand for various professional investments are
shown in Table 2.

Table 2. Forecast of Markov Chain in 2024.

Power grid Production Marketin
specialt constrﬁc- Small infra- - and other technicalg science and information
P y . structure  technical technology
tion reform reform
Der;grllg for — ¢0.86% 0.76% 10.33% 5.79% 0.25% 1.76%
Der;‘g‘l“; for 55 8304 1.18% 11.79% 9.43% 0.39% 1.77%
Delgg?g for 57 8204 2.68% 12.24% 4.40% 0.38% 2.29%
Denzlglllg for 59 899 1.27% 13.04% 2.72% 0.72% 2.72%
Der;ggg for  ¢0.60% 1.60% 11.60% 1.80% 0.80% 3.60%
Zonzlinge' 82.10% 1.81% 11.66% 1.48% 0.49% 2.46%
20;;3‘* 83.08% 1.34% 10.72% 1.51% 0.50% 2.68%
Zorizn]?ie- 83.03% 1.18% 9.58% 1.68% 0.50% 4.03%
2024 De-
mand Fore-  83.31% 1.24% 9.47% 1.09% 0.54% 4.36%
cast

4 Research on the Two-stage Allocation Technology of Fixed
Asset Investment in Power Grid for Fine Management

4.1 Research on Investment Allocation Technology of Power Grid Based on
Hierarchical Analysis

Hierarchical analysis (AHP) is a simple method of making decisions on some more
complex and vague problems, which is especially suitable for those problems that are
difficult to complete quantitative analysis. It is the American operations technologist
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T.L. Professor Saaty proposed a simple, flexible and practical multi-criterion decision-
making method in the early 1970s.

Using hierarchical analysis, the following four steps:

1)Establish a hierarchical structure model: divide the decision-making goals, factors
to consider (decision criteria) and decision-making objects into the highest level, the
middle level and the lowest level according to the interrelationship between them, and
draw the hierarchy diagram;

2)construct all the judgment in the various levels of the matrix: in determining the
weight of various factors need to build the judgment matrix, build judgment matrix is
easier to accept method, Saaty and others consistent matrix method, comparing all fac-
tors, using the same comparison scale, improve the accuracy;

3)Hierarchy single ranking and consistency test: whether the level single ranking
meets the requirements, the consistency test should be conducted, that is, the judgment
matrix can be within the determined range of inconsistency, and the consistency index
is defined:

Cl = (1

A represents the maximum feature root, and n represents the unique non zero feature
root. The closer the CI is to 0, the higher the consistency. To measure the size of the
ClI, experts introduce the consistency indicator R/ and define the consistency ratio:

CR = o 2)
RI

When the consistency ratio CR < 0.1, the inconsistency degree of judgment matrix
A can be considered within the allowable range, the degree of consistency is high, and
the consistency test is passed.

4)Hierarchical total ranking and consistency test: calculate the weights of the relative
importance of all factors at a certain level to the highest level (total target), which is
called hierarchical total ranking. This process proceeds from the highest level to the
lowest level. This step was performed on the premise that the relative importance of
monolayer factors to the previous layer is known.

4.2  Design of the Two-stage Investment Allocation Strategy

Combined with the actual business possible three scenarios of investment allocation
problems: (D scenario one: investment demand greater than investment approval
(4,>1, ), investment demand is almost equal to investment approval ( A, = I, devi-
ation within 500 million yuan), ®investment demand less than investment approval
(4, <1,), respectively, the two stages of investment allocation strategy design.

The corresponding letters for each type of investment are shown in Table 3.
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Table 3. Letters corresponding to the investment.

Type of invest- Initial invest- Investment ver- Priority in- Basic in- Promeotional

ment ment needs ification scale vestment vestment investment
total investment 10 A0 AO01 A02 A03
Power grid in- 1l Al All Al2 Al3
vestment
Small infra- 2 A2 A21 A22 A23
structure
Production and
other technical 13 A3 A3l A32 A33
reform
Marketing tech- 14 A4 A4l A42 A43
nical reform
science and 15 A5 A51 AS52 AS3
technology
informatization 16 A6 A61 A62 A63

Among: The initial total investment demand is equal to the total initial investment
demand of the six categories, as shown in the following formula:

L=>"1 3)

The approved scale of investment is equal, as shown in the following formula:

A =" T (4)

n=l" 1

In the formula, A | represents the approved investment scale, and /, represents the

approved investment scale for different categories.
A=A+ 4, + 4, (%)

In the formula, A, is the priority investment, 4,, is the basic investment, and A4,

is the enhancement investment.

4.3  Empirical Demonstration of the Two-stage Investment Allocation in a
Typical Year

Taking the investment verification situation in 2022 as an example, a two-stage invest-
ment allocation demonstration considering professional differences.

According to the investment demand situation and the investment verification situa-
tion in 2022, as shown in Table 4.

Table 4. Investment demand and investment verification in 2022.

Investment type Initial investment demand Investment approval
Total investment 1 0 602.79 Ao 597.00
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It can be seen that in 2022, the investment plan of scenario 1 should be applied for
investment allocation.

Constrained discrimination

1) Discrimination 1

According to the calculation, in 2022, (I0-A0) / A05%, and the investment verifica-
tion is less than the investment demand, so only the enhancement investment needs to
be reduced according to the enhancement motivation;

2) Discrimination 2

The investment demand in 2022 is shown in Table 5.

Table 5. Investment demand in 2022.

Type In 2022

Demand for investment Proportion
Power grid construction 480.4 79.70%
Among them: renewal 338.6 -
Among them: new 141.8 -
Small infrastructure 13 2.16%
Among them: renewal 11.5 -
Among them: new 1.5 -
Production technical reform  66.11 10.97%
Among them: renewal 49.23 -
Among them: new 16.88 -
Other technical reform 8.67 1.44%
Among them: renewal 2.73 -
Among them: new 5.94 -
Marketing technical reform  10.96 1.82%
science and technology 3 0.50%
information 20.6211 3.42%
amount to 603 100.00%

It can be seen that within the reasonable range of the average proportion of invest-
ment demand of various types, there is no investment category with a large deviation
from the historical situation, so there is no additional investment category with an ap-
propriate reduction.

Two-stage allocation

First, the priority investment allocation. Through the analysis of the 2022 policy,

The key policy investments of power grid infrastructure in 2022 are: ensure and ac-
celerate the solution of Guangdong power supply and demand (Guangdong target grid,
West Guangdong grid improvement, Guangdong network), offshore wind power and
other new energy transmission and consumption project, railway supporting traction
station project; give priority to preventing power grid safety risks, wind prevention and
disaster resistance; arrange the annual investment in 2022.
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The key policy investment of small infrastructure in 2022 is: production housing
projects of county (district) power supply bureau with poor production conditions and
seriously insufficient housing area; Guangzhou and remote counties to meet the afford-
able housing projects of remote serving or temporary cadres, newly employed gradu-
ates and employees with housing difficulties; extension projects meeting the production
schedule.

Key policy orientation of production and other technical renovation projects: imple-
mentation of counter measures such as shortage of short-circuit resistance of main
transformer, maintenance and isolation function; installation of special work plan of
network company, installation of provincial and local ASON network equipment and
remote monitoring technology upgrading of communication power supply; rectification
of production equipment and facilities, replacement of production vehicles and instru-
ments; transformation of smart substation, digital transmission line, improvement of
power grid dispatching operation capacity and pilot application of new technologies;
renovation and renovation of non-production sites and ancillary facilities, and purchase
of office equipment.

The key policy orientation of marketing technology reform is to meet the technical
transformation requirements of the metering devices of market trading users under the
power market reform. In order to adapt to the entry of low-voltage users into the spot
market, gradually carry out the low-voltage broadband carrier transformation and the
purchase of operation and maintenance replacement kits matching to the market trans-
action. In order to meet the needs of the new type of power system construction, im-
prove the intelligent level of metering devices, pilot and promote the new generation of
intelligent terminals; build a new generation of intelligent measurement system, carry
out the construction of a new generation of provincial metering automation system;
build a modern power supply service system, and promote the transformation of tradi-
tional business hall to the direction of intelligent Internet business.

Key policy orientation of science and technology is to implement the national inno-
vation-driven development strategy, adhere to the forefront of science and technology
in the industry, the major national strategy, the demand of production and operation,
and the high-quality development of the company, continuously improve the construc-
tion of system and mechanism, and enable the high-quality development of innovation
work.

The priority investment scale in 2022 based on the comparison of the above and
historical policies is shown in Table 6.

Table 6. Priority scale of investment in 2022.

Investment type Priority investment
Total investment A01 80.30
Investment in power grids All 70.00
Small infrastructure A21 2.00

Production and other technological improve- A31 500

ments
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Marketing technology transformation A41 1.00
Science and technology A51 0.30
Informatization A61 2.00

Then, the basic investment scale is determined, combined with the collection of var-
ious types of motivation, considering the extension scale, new planning needs, project
construction priority and other drivers, combined with the analysis of hierarchical anal-
ysis method, to quantify the basic investment scale allocation of each type of invest-
ment. For example, the investment in power grid construction considers the expansion
investment scale (33.86 billion yuan) in optimizing the grid, solving security risks, solv-
ing heavy overload and meeting the structural load growth, and the new construction
scale of the new planning demand (3.7 billion yuan), as shown in Table 7.

Table 7. Scale of basic investment in 2022.

Investment type Basic investment

Total investment Aoz 449.56
Investment in power grids Alz 375.60
Small infrastructure A22 6.00
Elr;)r(lltléction and other technological improve- A32 5123
Marketing technology transformation A42 2.73
Science and technology Asz 2.00
Informatization A62 12.00

Then, according to the priority investment scale, basic investment scale and invest-
ment, calculate total promotion investment A, = 67.14 billion yuan, according to the

professional investment demand /; proportion basis, preliminary allocation of various

types of investment promotion investment, then according to the promotion investment
key motivation between type adjustment, such as: small infrastructure without promo-
tion investment key motivation, and marketing key motivation weight is higher, so con-
sider cutting small infrastructure promotion investment, supply marketing promotion
investment. The enhanced investment scale for each type in 2022 is shown in Table 8.

Table 8. Scale of enhanced investment in 2022.

Investment type Promotional investmentt
Total investment Aos 66.14
Investment in power grids Al 3 50.40

Small infrastructure A, 0.00
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Production and other technological improve- A 777
ments 33 ’

Marketing technology transformation A 3 5.27
Science and technology A53 0.70
Informatization A63 2.00

Finally, the final investment allocation percentage of each type of investment in 2022
will be obtained according to the scale of the two-stage investment allocation. The spe-
cific results are shown in Table 9.

Table 9. Percentage of each type of investment allocation in 2022.

Priority invest- - Promotional in-
Investment approval Basic investment
ment vestmentt
Investment . . . .
type Serial Propor Serial Propor Serial Propor Serial Propor
P Num- .P Scale Num- 'p Num- 'p Num- 'p
tion tion tion tion
ber ber ber ber
Totalinvest-" » 6 1000006 2270 4 1345% A, 7530% A 11.08%
ment 0 01 02 03

Investmentin g3 ggo,, 4960 4 ya119 A, 75.73% A, 10.16%
power grids 0 11 12

Small infra-
structure
Production
and other
technological A3  10.72% 64.00 Ay,  781% A, 80.05% Ay 12.14%
improve-
ments
Marketing
technology
transfor-
mation

Scienceand 55000 300 A, 1000% Ay, 66.67% A 23.33%
technology

Informatiza- ¢ 56805 1600 A, 12.50% A,  75.00% A 12.50%
tion

A2 134% 800 A, 2500% A, 75.00% Ay 0.00%

A4 151% 9.00 A, 11.11% A, 3033% Ay 5856%

5 Conclusion

With the deepening of the reform of power system, the investment growth and cost
control of power grid enterprises are facing more strict regulatory constraints, which
puts forward higher development requirements for the rationality and precision of
power grid investment management and control. In this context, based on the analysis
of fixed asset investment category of power grid, this paper constructs the power grid
investment demand analysis model of Markov chain to assist the analysis of enterprise
investment decision, and constructs the two-stage investment allocation technology
based on hierarchical analysis method to provide reference and basis for power grid
enterprises to rationally allocate different types of projects.
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