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Aiming at the problem of insufficient adaptability to the new elements of the

new power system in the current distribution network investment method, this

paper innovatively proposes a distribution network investment method based

on the new power system. By constructing a source-grid-load-storage-side

investment calculation model, the investment in the new power system can be

accurately calculated. First, the distributed power investment is calculated from

the two aspects of new construction and renovation. Secondly, construct the

grid investment demand and grid investment capacity measurement model,

and obtain the grid side investment model by weighted summation. Then, a

model for calculating the scale of investment that can be saved due to demand-

side response is constructed, and the cost of demand response is subtracted to

obtain a model for calculating the scale of investment that can be saved on the

load side. Finally, the energy storage side investment calculation model is

constructed from the power supply side, grid side, user-side energy storage

investment, and energy storage investment benefit. The research results are

applied to the empirical area, and scientific guidance is provided to realize the

precise investment in the area.
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1 Introduction

Building a new type of power system is an all-round change, a very challenging and

pioneering strategic project (Sánchez et al., 2022). From the perspective of power grid

investment, the investment structure and focus will undergo major changes (He et al.,

2022). Power grid enterprises should actively implement the reform of management

methods (Zhu et al., 2022), change investment concepts and thinking in a timely manner,

accurately grasp the focus and direction of investment, optimize investment strategies

(Zhang et al., 2022), and provide sufficient and accurate investment support for the

construction of new power systems.

At present, experts and scholars have conducted much research on distribution

network investment methods. Reference (Ren et al., 2019)estimates the size of the

OPEN ACCESS

EDITED BY

Bin Zhou,
Hunan University, China

REVIEWED BY

Leijiao Ge,
Tianjin University, China
Diansheng LUO,
Hunan University, China
Yibo Wang,
Northeast Dianli University, China

*CORRESPONDENCE

Zhao Fei,
zfjxdl@126.com

SPECIALTY SECTION

This article was submitted to Process
and Energy Systems Engineering,
a section of the journal
Frontiers in Energy Research

RECEIVED 14 June 2022
ACCEPTED 31 August 2022
PUBLISHED 05 January 2023

CITATION

Fei Z, Longjiang X, Jingliang Z, Ding C,
Jinghui F and Jun W (2023), A novel
investment strategy for renewable-
dominated power distribution networks.
Front. Energy Res. 10:968944.
doi: 10.3389/fenrg.2022.968944

COPYRIGHT

© 2023 Fei, Longjiang, Jingliang, Ding,
Jinghui and Jun. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Energy Research frontiersin.org01

TYPE Original Research
PUBLISHED 05 January 2023
DOI 10.3389/fenrg.2022.968944

https://www.frontiersin.org/articles/10.3389/fenrg.2022.968944/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.968944/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.968944/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2022.968944&domain=pdf&date_stamp=2023-01-05
mailto:zfjxdl@126.com
https://doi.org/10.3389/fenrg.2022.968944
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2022.968944


distribution network based on the current situation and load

growth of the distribution network, and proposes a model

strategy for distribution network investment allocation in

combination with regional development needs, economic and

social benefits of investment. Reference (Zheng et al., 2021)

establishes an improved comprehensive evaluation method

and evaluation model of distribution network investment

benefit based on the individual evaluation results of

investment benefit of distribution network reconstruction

project, combined with information entropy and fuzzy

analysis method. Reference (Wu et al., 2019)starts from

technology, benefit, and project maturity, and builds an index

system for investment ranking and evaluation of power grid

planning projects under the new power reform environment. The

precise investment decision of the distribution network in the above

literature is mainly aimed at the traditional power system and has

insufficient adaptability to the new elements of the new power system.

In order to implement the dual carbon goal, the state

proposes to build a new power system with new energy as the

main body. Compared with the traditional power system, its core

feature is that new energy occupies a dominant position. In the

future, wind power, photovoltaics, and energy storage will show

explosive growth. Reference (Elkadeem et al., 2019) proposes an

optimal investment model for a distribution network with

renewable energy that considers efficiency, benefit, and carbon

emission reduction. Based on the research of regional multi-

energy system model, reference (Nazir et al., 2021) proposes a

regional renewable energy generation capacity planning and

investment benefit optimization model based on different

dispatch time scales. Reference (Gao and Zhao, 2018) used

system dynamics and evolutionary game methods to study the

willingness of all parties to photovoltaic projects under the contract

energy management model. Although the above references all add

new elements related to renewable energy and storage, they do not

fully consider the impact of new elements on the investment and

construction of the new power system on the four sides of the

source, network, load and storage.

In order to adapt to the new elements of the new power

system, this paper proposes a distribution network investment

method based on the new power system. By constructing the

four-side investment model of source, network, load, and storage,

and predicting and analyzing the investment data of each side,

the asset investment strategy of power grid enterprises can be

adjusted., It is of great significance to realize precise investment

and improve market competitiveness.

2 Research ideas for new power
system investment methods

The general idea of research on new power system

investment methods is shown in Figure 1.

The formula for calculating the total investment scale of the

source, grid, load, and storage side of the new power system is

shown in Eq. 1:

T � C + G − L + (W − I) (1)

In the formula, Cis the power supply-side investment. G is

the grid side investment. Lis the investment on the energy

storage side. Wis the energy storage side investment. Iis the

energy storage side investment, respectively.

Investment on the power supply side: In response to the

need of accelerating the construction of a clean, low-carbon,

safe and efficient modern energy system, taking clean

development as the direction, and investing in optimizing

the power supply structure on the basis of ensuring energy

security.

Grid-side investment: In order to accelerate the

transformation of the distribution network from a single

power supply to an intelligent and interactive energy

Internet, realize a first-class modern distribution network

with high reliability, good interaction, economic efficiency,

and reasonably and effectively meet the demand for load

growth and safe and reliable power saving on the load side:

the investment in the construction of high, medium, and low

voltage distribution networks that can be saved due to

interruptible load response, etc. Minus the cost of demand

response.

Energy storage side investment: the initial cost investment of

energy storage on the power supply side, the grid side, and the

user side, and the operation cost investment minus the energy

storage subsidy.

Energy storage side income: The income from increasing

on-grid electricity, reducing the deviation of power

generation plant, and providing auxiliary services is the

energy storage income on the power supply side; the

income such as delaying the investment in grid

construction is the energy storage income on the grid side;

the income such as peak-valley arbitrage is the energy storage

income on the user side.

FIGURE 1
Research idea of new power system investment method.
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3 Research on calculation model of
new power system power supply side
investment

Figure 2 shows the calculation process of the investment scale

of the power supply side in the future.

The total investment scale of the power supply side is the

sum of the investment in the centralized power supply and the

investment in the distributed power supply. This paper mainly

studies the calculation method of the investment scale of the

distributed power supply (Abdelkader et al., 2018). The

calculation formula is shown in Eqs. 2–3:

C � Cfb + Cjz (2)
Cfb � C1 + C2 + C3 + C4 (3)

In the formula, Cfbis the total investment in distributed

power. Cjzthe investment in centralized power. C1and C2are the

investment in the construction and reconstruction of 10 kV lines

to meet the needs of distributed power supply access. C3and

C4are t the construction and reconstruction of distribution

transformers, respectively.

3.1 10 kV line-side distributed power
investment

Considering that the tie line satisfies the N-1 check and the

maximum load rate of the single radiation line does not exceed

70%, the maximum access capacity of the single-circuit 10 kV

line distributed power supply is 6 MW.

1) Investment in new 10 kV lines and power distribution

facilities

The calculation formula is shown in Eq. 4:

C1 � a(SLDGZ − λSLDGZ)
6

(rdzPdzx + y1Pzpd + y2rdfzPdfz)
+ b(SLDGZ − λSLDGZ)

6
(rjzPjzx + y3Pzzs + y4rjfzPjfz) (4)

FIGURE 2
Flow chart of investment scale calculation of power supply side in future years.
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In the formula, SLDGZis the total installed capacity of the

distributed power supply on the 10 kV line side; aand bare the

proportions of cables and overhead lines in newly built lines

respectively; λ is the current 10 kV line consumption proportion

of distributed power. rdzandPdzx are the length and cost of the

newly-built single-circuit 10 kV cable trunk line respectively;

y1and Pzpdare the number and cost of the newly-built power

distribution facilities (ring network room, branch-box) of the

single-circuit cable line respectively; y2is a single distribution

Number of newly-built cable branch lines for electrical facilities;

rdfzand Pdfzare the unit length and cost of 10 kV cable branch

lines; rjzand Pjzxare the length and cost of newly-built single-

circuit 10 kV overhead main lines respectively; y3andPzzs are

newly-built pole switches for single-circuit overhead lines

quantity and cost; y4,rjfz, Pjfzare the number, length, and

cost of newly-built branch lines of a single-circuit 10 kV

overhead line, respectively.

2) Investment in transforming 10 kV lines

The calculation formula is shown in Eq. 5:

C2 � (rzjk + rzjlj + rzld)Pjzx + (rzdk + rzdlj)Pdzx (5)

In the formula, rzjk,rzjlj,rzldare the current 10 kV overhead

clamp neck, old and bare conductor line length respectively;

rzdkand rzdljare the current 10 kV cable clamp neck and old-line

length,respectively.

3.2 Distribution and transformation side
distributed power investment

After calculation, the maximum distributed power access

capacity SPDG of a single distribution transformer is 0.8 times the

capacity of the distribution transformer.

1) Investment in new distribution transformers

The calculation formula is shown in Eq. 6:

C3 � pg(SPDGZ − ρSPDGZ)
0.5 × 0.6Sxb

(Pxb + z1rddPddx)

+ qg(SPDGZ − ρSPDGZ)
0.5 × 0.6Sp

(PP + z2rdjPdjx) (6)

In the formula, SPDGZis the total installed capacity of 10 kV

distribution transformer side distributed power; pis the

proportion of power distribution room/box substation in

newly built low-voltage equipment; gis the proportion of the

current number of public transformers to the total number of

distribution transformers;ρ is the proportion of distributed

power supply consumed by the current distribution

transformer; Sxbis the capacity of a single power distribution

room/box substation. Pxbis the cost of a single power distribution

room/box substation; z1,rdd andPddx are the single power

distribution room/box substation, respectively the

number, length, and cost of newly built low-voltage cable

lines; qis the proportion of pole-mounted transformers in

newly built low-voltage equipment.SPand PPare the capacity

and investment of a single distribution transformer

respectively; z2,rdjandPdjx are the newly built low-voltage

overhead lines of a single distribution transformer number,

length, and cost.

2) Investment in the transformation of distribution transformers

The calculation formula is shown in Eq. 7:

C4 � tljPp + rdjljPdjx + rddljPddx (7)

In the formula, tljis the number of old distribution

transformers; rdjljand rddljare the lengths of the old lines of

low-voltage overhead and cables, respectively.

4 Research on calculation model of
grid side investment in new power
system

Figure 3 shows the calculation process of the investment scale

on the grid side in the future.

The calculation formula for the investment scale on the grid

side is shown in Eq. 8:

G � μg(αGxq + βGnl) (8)

In the formula,Gxqis the power grid investment demand. μgis

the correction factor. Gnlis the power grid investment capacity.

αandβare the investment demand of the power grid and the

proportion of investment capacity, respectively, which can be

determined by the analytic hierarchy process.

4.1 Grid investment demand estimation

The idea of investment demand estimation is shown in

Figure 4.

1) Influencing factor system of power grid investment demand

The indicator system is shown in Figure 5.

4.2 Correlation analysis

The selection of key impact indicators is carried out through

correlation analysis (Gao et al., 2022). Correlation analysis refers
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to the analysis of two or more related variable elements to

measure the closeness of the correlation between the two

variable factors.

The calculation of the correlation coefficient is shown in

Eq. 9:

r �
∑(x−�x)(y−�y)

n������∑(x−�x)2
n

√ �������∑(y−�y)2
n

√ � ∑(x − �x)(y − �y)�����������������∑(x − �x)2∑(y − �y)2√ (9)

In the formula, ris the correlation coefficient,nis the

number of data items; �xis the arithmetic mean of the

independent variable seriesx;�yis the arithmetic mean of the

dependent variable seriesy.

From the correlation analysis, the key impact indicators are

GDP, the number of power supply households, electricity sales,

total profit, and the highest load of the whole society.

3) Forecast of the development trend of influencing factors

based on gray forecast

The amount of data required for gray prediction is small.

When processing the data, it does not seek the probability

distribution and statistical law of the data but uses the “gray

generation method” to seek a new sequence with weakened

randomness and strengthened regularity. The GM (1, 1)model

is used for the prediction of the development trend of the

influencing factors.

The initial year index value is recorded as X(0), and the

initial number column

isX(0) � (X(0)(1), X(0)(2),/, X(0)(n)). Reference (Luo

et al., 2021) builds a model by the cumulative generation

of the grey generation method, then the model is:

X̂
(1)(k + 1) � [X(0)(1) − u

a
]e−ak + u

a
, k � 0, 1,/, n − 1 (10)

By reducing the above formula, the gray prediction model of

the original sequence can be obtained as:

X̂
(0)(k) � X̂

(1)(k) − X̂
(1)(k − 1), k � 2, 3,/, n (11)

4) Decision coefficient analysis based on AHP (Wang et al.,

2021)

FIGURE 3
Calculation flow chart of investment scale of grid side in future years.

FIGURE 4
Investment demand forecasting ideas.
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The analytic hierarchy process is used to analyze and predict

the decision coefficient of key impact indicators. The calculation

steps are as follows:

4.3 Establish a judgment matrix

Generally, the judgment matrix is established by the

reciprocal 1–9 scale scaling method. Assuming that the

judgment matrix is: A � ⎡⎢⎢⎢⎢⎢⎣ a11 ... a1m
... ... ...
am1 ... amm

⎤⎥⎥⎥⎥⎥⎦, then the element

aijof the judgment matrix A corresponds to the relative

importance of the two elements aiand ajin the hierarchy.

4.4 Calculation method of decision
coefficient

Assuming that the judgment moment isA � ⎡⎢⎢⎢⎢⎢⎣ a11 ... a1m
... ... ...
am1 ... amm

⎤⎥⎥⎥⎥⎥⎦,
firstly multiply each element by row and raise it to the powerm,
that is, to obtain the geometric mean of the elements in each row,
as shown in Eq. 12:

bi � ⎛⎝∏m
j�1

aij⎞⎠1/m

(i � 1, 2,/, m) (12)

By normalizing bi(i � 1, 2,/, m)again, the decision

coefficient of each element of the criterion layer or the

scheme layer can be obtained, as shown in Eq. 13:

ωj � bj∑m
k�1

bk

(j � 1, 2,/, m) (13)

4.5 Consistency check of judgment matrix

The rationality of the decision coefficient can be verified

by the consistency of the judgment matrix. If the judgment

matrix can pass the consistency check, it means that the

decision coefficient is reasonable; otherwise, the decision

coefficient is unreasonable.

Calculate the maximum eigenvalue λmaxof the judgment

matrix, as shown in Eq. 14:

FIGURE 5
Investment scale forecast influencing factors.

TABLE 1 Average stochastic consistency indicator parameters.

m 1 2 3 4 5 6 7 8 9

R.I. 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45
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λ max � 1
m
∑m
i�1

∑m
j�1
aijωj

ωj
(14)

To calculate the consistency index C.I., the formula is shown

in Eq. 15:

C.I. � λ max −m

m − 1
(15)

Define the mean consistency metric R.I..

4) Calculate the random consistency ratio C.R., the formula is

shown in Eq. 16:

C.R. � C.I.
R.I.

(16)

The average random consistency index R.I. can be found

from the Table 1 according to the matrix order m.

4.6 Check the consistency of the
judgment matrix, as follows

When C.R. � C.I.
R.I. < 0.1, it is considered that the judgment

matrix has acceptable inconsistency, otherwise, it is considered

that the initially established judgment matrix is unsatisfactory

and needs to be re-assigned and carefully revised until the

consistency check is passed.

5) Grid investment demand estimation

Construct an investment demand estimation model as shown

in Eq. 17:

Gxq � ∑n
i�1
ui ×[yi(k + 1) − yi(k)

yi(k) − yi(k − 1)] × x(k) (17)

In the formula, Gxqis the investment demand of the regional

distribution network in the next year;uis the factor’s decision-making

coefficient; yi(k + 1)is the value of the next year’s factor; yi(k)is the
value of the current year’s factor;yi(k − 1)is the value of the previous
year’s factor; x(k)is the amount of grid input for this year.

4.7 Grid investment capacity calculation
model

Figure 6 shows the calculation idea of investment capacity.

The power grid investment capacity prediction model (Yi

et al., 2021) can be divided into profit subsystem, depreciation

subsystem, and financing subsystem.

The investment ability prediction formula is shown in Eq. 18:

Gnl � Np − Tp +D + F (18)

In the formula, Gnlis the investment capacity of the power

grid company. Npis the net profit of the power grid company.

Tpis the profit turned over by the power grid company. Dis the

depreciation amount. Fis the financing amount.

1) The net profit subsystem is shown in Eq. 19:

Np � SD + TZp + Yp + Qp − CBZ − Sp (19)

In the formula, SDis the income from electricity sales. TZPis

the investment income. YPis the income from the outside

business. QPis the income from other businesses. CBZis the

total cost and expense. SPis the income tax.

FIGURE 6
Investment capability forecast flow chart.
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2) The depreciation subsystem is shown in Eq. 20:

D � (DZCL −DZCT + ΔDZC)/N (20)

In the formula, Nis the depreciation period. DZCLis the

original value of depreciable fixed assets in the previous year.

DZCTis the original value of depreciable fixed assets. ΔDZCis the

original value of newly added fixed assets.

3) The financing subsystem is shown in Eqs. 21–23:

F � min(FBZ, FFZ) (21)
FBZ � (Np − Tp +D) × ε × (1 − λBZ)/λBZ (22)

FFZ � λFZ(FZCL +Np − Tp − FHK) − FFZL + FHK

1 − λFZ
(23)

In the formula, FBZand FFZare respectively the financing

amount under the constraints of capital security rate and

debt ratio. εis the cash flow coefficient; λBZis the capital

security rate. λFZis the asset-liability ratio. FHKis the

repayment amount. FZCLand FFZLare the assets and assets

total liabilities.

5 Research on the calculation model
of new power system load-side
saving investment

Figure 7 shows the calculation process of the scale of

investment savings on the load side in the coming years.

The formula for calculating the scale of saving investment on

the load side is shown in Eqs. 24–25:

L � Lxq − Lcb (24)
Lxq � Lgxq + Lzxq + Ldxq (25)

In the formula, Lxqis the saving investment on the demand

side. Lcbis the cost of demand response. Lgxqis the high-voltage

substation to save investment. Lzxqis the saving of investment in

medium voltage equipment. Ldxqis for low-voltage equipment to

save investment.

The cost of demand-side response (Yang et al., 2021) is

calculated according to the regional demand response subsidy

price scheme.

6 Research on investment calculation
model of energy storage side of new
power system

6.1 Energy storage side investment
calculation model

Figure 8 shows the calculation process of the investment scale

of the energy storage side in the future.

The total investment cost of the energy storage system is

shown in Eqs. 26–28:

W � W1 +W2 (26)
W1 � WpsPEN +WesEN (27)

W2 � WompPEN +WomeEN (28)

In the formula, W1is the initial energy storage system

cost. W2is the operation and maintenance cost. Wpsis the

FIGURE 7
Flow chart of the scale of investment savings on the load side in the coming years.
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unit energy storage power cost. PENis the energy storage

rated power.Wesis the unit energy storage capacity cost. ENis

the rated capacity of energy storage. Wompis the operation

and maintenance cost of unit energy storage power. Womeis

the operation and maintenance cost of unit energy storage

capacity

6.2 Energy storage side investment
income model

Figure 9 shows the calculation process of the investment

income of the energy storage side in the future.

The future annual investment income of the energy storage

side is shown in Eq. 29:

I � Idw + Itl + Ibt (29)

1) Delaying investment in grid construction

The economic benefits of reducing investment in grid

expansion and reconstruction by installing energy storage

can avoid fixed capacity costs, which can be determined

according to the average cost of substations, transformers,

transmission lines, and their supporting equipment that are

less or delayed in construction, as shown in Eq. 30:

Idw � AtφηP max (30)

In the formula: Idwis the investment in grid construction

that can be delayed. Atunit power cost of distribution network.

φis the fixed asset depreciation rate of power distribution

equipment. ηis the charge-discharge efficiency. Pmaxis the

rated power of the energy storage.

2) Peak and valley arbitrage income

Under the premise of charging and discharging twice a day,

the main benefits of user-side energy storage projects are the

peak-valley price difference and the peak-to-parity price

difference arbitrage.

Assuming two charges and two discharges per day, the peak

electricity price under special circumstances is not considered,

FIGURE 8
Calculation flow chart of investment scale of energy storage side in the future.

FIGURE 9
Flow chart of future annual investment income calculation of
energy storage side.
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and only the peak, flat, and valley electricity prices are

considered, and the daily charge and discharge income is

calculated as shown in Eqs. 31–33:

Itl � Pf − Pc (31)
Pc � S(pm + pl) (32)
Pf � 2Sηph (33)

In the formula: Itlis the peak-valley arbitrage income. Pfis

the discharged income. Pcis the charging fee. Sis the rated

capacity of energy storage on the user side. phis the peak

electricity price. pmis the flat section electricity price. plis the

low price of electricity. ηis the charge-discharge efficiency.

6.3 Policy subsidy income

Policy subsidy income Ibtis calculated according to the

regional energy storage subsidy scheme.

6.4 Case analysis

6.4.1 Grid investment scale in historical years
The distribution network investment calculation method

based on historical investment results (Li et al., 2019) and

based on the new power system are respectively used to

calculate the investment scale of the county’s power grid in

the current year.

Based on the actual power grid investment scale from

2018 to 2021, the maximum deviation rate of the distribution

network investment calculation method based on historical

investment results is 9.42%, and the average deviation rate is

7.46%. But based on the new power system investment

calculation, the maximum deviation rate is 4.14%, and the

average deviation rate is 2.33%. The details are shown in

Table 2.

The calculation results show that, compared with the

distribution network investment calculation method based

on historical investment results, the deviation rate of the

distribution network investment calculation method based

on the new power system is significantly smaller, and the

investment scale is closer to the actual investment

completion.

6.5 Grid investment scale in the coming
years

Taking a county as a demonstration area, the investment

scale of the county’s distribution network based on the new

power system is predicted in 2022.

6.5.1 Investment calculation on the power
supply side

The county is a Class C power supply area. In 2022, the

installed capacity of distributed power supply in the county will

reach 30 MVA, the current line can accommodate an installed

capacity of 11.7 MVA, and the remaining capacity needs to be

absorbed by new lines and distribution transformers. The

variable side distributed installed capacity is 11.9 MV A. In

2022, the county’s power supply side investment is

3.6809 million dollars, and the details are shown in Table 3.

6.5.2 Grid side investment calculation
1) Calculation of power grid investment demand

In 2022, the county’s power grid investment demand is

18.3998 million dollars, and the specific results are shown in

Table 4.

Taking the highest electricity load of the whole society as an

example, the sensitivity analysis of the index is carried out. In 2022,

the highest electricity load in the whole society will increase by 8%

compared with 2021. Assuming other conditions remain

TABLE 2 Comparison of calculation results of two grid investment calculation methods.

Year Actual grid
investment
scale
(ten thousand
dollars)

Calculationmethod of power grid investment based
on historical investment effect

Calculation method of distribution network
investment based on new power system

Investment
scale
(ten thousand
dollars)

Deviation
rate
(%)

Average
deviation
rate (%)

Investment
scale
(ten thousand
dollars)

Deviation
rate
(%)

Average
deviation
rate (%)

2018 17.68 17.08 3.44 7.46 18.17 2.79 2.33

2019 28.75 31.01 7.86 28.57 0.61

2020 26.09 23.63 9.42 25.62 1.79

2021 18.41 16.73 9.13 19.17 4.14
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TABLE 3 Calculation results of investment scale on the power supply side.

Category Project name Data Data
value

Investment (ten
thousand
dollars)

Total
investment
(ten thousand
dollars)

Distributed power
investment

New investment on the 10 kV line side Length of overhead line (km) 10 62.76 189.85

Cable line length (km) 5 70.61

Column switch (pcs) 12 11.30

Ring network room (box) (seat) 3 23.54

Cable branch box (seat) 3 4.71

Overhead branch line (km) 2.4 11.30

Cable branch line (km) 0.6 5.65

Overhead card neckline (km) 0.5 3.14

Overhead bare conductor
line (km)

1.20 7.53

10 kV line side transformation investment Overhead old line (km) 1.3 8.16 18.83

Cable card neckline (km) 0 0.00

Old cable line (km) 0 0.00

Change on the column 12 18.83

New investment on the distribution
transformer side

Overhead low voltage line (km) 9.6 15.06 107.63

Power distribution room/box
change (block)

5 23.54

Cable low-voltage line (km) 8 50.21

Distribution transformer side
transformation investment

Old distribution transformer
(Taiwan)

20 31.38 51.78

Old low-voltage overhead
line (km)

13 20.40

Old low-voltage cable line (km) 0 0

Centralized power investment 0 0

Total 368.09

TABLE 4 Calculated results of power grid investment demand scale.

Key influencing
factors

Measured
value of
decision
coefficient

Grid
investment in
2021 (ten
thousand
dollars)

Actual
value in
2021

2020 actual
value

Forecast
for 2022

Forecast value
of
power grid
investment
in 2022 (ten
thousand
dollars)

Power grid
investment
in 2022 (ten
thousand
dollars)

GDP (ten thousand dollars) 0.2615 1,753.67 131.03 122.23 140.46 491.60 1,839.98

Number of power supply
households (households)

0.0333 50.33 50.32 50.34 372.27

Electricity sales
(100 million kWh)

0.5128 29.78 29.05 30.53 5,875.43

Total profit (ten thousand
dollars)

0.0634 1.97 1.77 2.19 123.75

The highest load in the
whole society (ten thousand
kilowatts)

0.129 823.1 762 889.10 1,557.44
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unchanged, a sensitivity analysis is carried out on the different

growth rates of the highest electricity load in the whole society.

The calculation results of the scale of power grid investment

demand show that when the growth rate of the highest

electricity load in the whole society changes between −20%

and 20%, the predicted value of investment demand changes

between −3.34% and 6.59%.

The changes in the forecast value of investment demand are

shown in Table 5.

After calculation, GDP, electricity sales, and the highest load

of the whole society are the most sensitive factors.

2) Calculation of power grid investment capacity

Using the investment capacity prediction model, it is

estimated that the county’s power grid investment capacity in

2022 will be 28.2955 million dollars. The specific results are

shown in Table 6.

3) Calculation results of grid side investment

Taking into account the investment demand and

investment capacity of the power grid in the region, the

weights of the investment proportion calculated by the

AHP method are 0.4 and 0.6 respectively, and considering

the grid side investment correction coefficient of 0.95, the final

investment on the grid side of the county in 2022 is

23.1204 million dollars.

6.6 Load-side saving investment
calculation

In 2022, the maximum demand-side response load in the

county is 30MW, and the demand-side load response coefficient

is 0.7. Due to the interruptible load response, 30 km of new 10 kV

overhead lines, 36 switches on the column, 7.2 km of overhead

branch lines, 32 transformers on the column, and 32 km of

overhead low-voltage lines can be reduced, saving investment

of 3.5648 million dollars as shown in Table 7.

The annual fixed unit price of the electricity subsidy is

62.79 cents/kWh, the single response time is 2 h, and the

number of responses in the whole year is 10 times. The

demand response load in the county is 65,577kW, and the

demand response cost is about 0.8231 million dollars.

To sum up, the load-side saving investment in 2022 is

2.7416 million dollars.

6.6.1 Energy storage side investment calculation
1) Investment scale of energy storage side

In this paper, the unit energy storage power cost is

0.3923 million dollars/MW, the unit energy storage

capacity cost is 0.3138 million dollars/MWh, and the unit

energy storage power operation and maintenance cost and

unit energy storage capacity operation and maintenance cost

are 6.276 dollars/kW. In 2022, the county’s energy storage

side investment will be 4.6741 million dollars, the details are

shown in Table 8.

2) Energy storage side investment income

6.7 Delay grid construction

In this paper, the unit power cost of the distribution network

is 0.1569 million dollars/MW, the charging and discharging

efficiency is 81%, the fixed asset depreciation rate of the

distribution equipment is 30%, and the rated power of the

energy storage is 5 MW. According to Eq. 30, it can be

TABLE 5 Sensitivity analysis results of the highest electricity load in the whole society.

Index Planning scheme
(ten thousand
dollars)

Change in the growth rate of the highest load in the
whole society (%)

−20 −10 −5 5 10 20

Predicted value of grid investment in 2022 (ten thousand dollars) 1839.98 137.41 138.44 138.96 139.99 140.51 141.54

Compared with the standard value (ten thousand dollars) −61.51 −31.04 29.91 60.39 90.87 121.34

Relative change rate (%) −3.34 −1.69 1.63 3.28 4.94 6.59

TABLE 6 Calculation results of power grid investment capacity.

Data Data value (ten
thousand dollars)

Net profit 45.69

Turn in profits 37.50

Depreciation 1738.44

Financing amount 1,082.92

Investment capacity 2,829.55
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obtained that the delay of power grid construction is

0.1906 million dollars.

6.8 Peak and valley arbitrage income

In this paper, the peak electricity price is 14.59 cents/kWh;

the trough electricity price is 3.36 cents/kWh, and the flat

segment electricity price is 8.34 dollars/kWh. The rated

capacity of the user-side energy storage is 4 MWh, the

charging and discharging efficiency is 81%, and the energy

storage system works 330 days a year. Then the Eqs. 31–33

can be obtained, the peak-valley arbitrage income is

0.1575 million dollars.

6.9 Energy storage subsidy income

The energy storage compensation standard in this area

is 31.38 dollars/kW per year. After calculation, the energy

storage subsidy income in this area is 0.1412 million

dollars.

To sum up, in 2022, the energy storage side income in the

region will be about 0.5678 million dollars, and the energy

storage side investment in the region 2022 will be

4.1847 million dollars.

6.9.1 Calculation results of new power system
investment in the demonstration area

The estimated scale of investment on the power supply

side is 3.68 million dollars, the estimated scale of investment

on the grid side is 23.1204 million dollars, the scale of saving

investment on the load side is 2.7416 million dollars, and the

estimated scale of investment on the energy storage side is

4.1847 million dollars.

According to the research idea of the new power system

investment method, which can be obtained from Eq. 1, the total

investment in the county’s new power system in 2022 is

estimated to be 28.2443 million dollars.

7 Conclusion

Considering the investment and construction needs of new

elements on the source, grid, load, and storage sides, this paper

innovatively constructs an investment scale calculation model

based on the new power system on the four sides of the source,

grid, load, and storage. On the power supply side: Considering

factors such as lines, distribution and transformation distributed

power access standards, safe and reliable operation, and grid

construction standards in different power supply areas, develop a

new energy grid investment scale calculation model that takes

into account safety and economy. On the grid side: overall

TABLE 7 Save investment due to interruptible load response in 2022.

Investment voltage level Data Data value Investment (ten thousand
dollars)

Total investment (ten
thousand dollars)

Investment in high voltage equipment Required Transformer Capacity (MW) 0 0 0

Number of substations (seats) 0

MV equipment investment Overhead line length (km) 30 188.28 256.0608

On-column switch (pcs) 36 33.8904

Overhead branch line (km) 7.2 33.8904

Low-voltage equipment investment On-column variation (units) 32 50.208 100.416

Overhead low-voltage lines (km) 32 50.208

Total 356.4768

TABLE 8 Calculation results of investment scale on the energy storage side.

Energy storage configuration Energy storage rated
power (MW)

Rated capacity of
energy storage (MWh)

Investment (ten thousand
dollars)

Power side energy storage configuration 0 0 0

Grid-side energy storage configuration 2.5 5 259.6695

User side energy storage configuration 2 4 207.7356

Total 467.4051
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consideration of regional investment needs and investment

capacity, and research on the investment scale calculation

model based on the three major financial statements,

economic development and power demand. On the load side:

Considering the interruptible load’s participation in peak shaving and

the corresponding demand subsidy policy, a load-side saving

investment scale calculation model that takes into account the

benefits of the delay in the construction of the distribution

network and the corresponding demand is developed. On the

energy storage side: Considering the configuration of energy

storage capacity and energy storage subsidy policy, develop an

energy storage side investment calculation model that takes into

account the costs and benefits of energy storage. The four-side

investment calculation method based on the new power system,

load and storage, plays an important role in meeting the precision

requirements of distribution network investment projects under the

new situation and improving the investment efficiency of the

power grid.

The research results are applied to the calculation of the

investment scale of a new power system in a county in the future,

and can accurately predict the investment scale of the next year.

From the perspective of historical years, comparedwith the traditional

distribution network investment calculation method, the calculation

results of the four-side investment scale calculation method of the

source network, load and storage are more accurate and have certain

forward-looking results. In the future, the input data optimization

model can be revised based on accumulated experience, providing

more flexible investment plans for long-term construction investment

decisions, continuously improving the accuracy of model prediction,

and better adapting to the new energy-based distribution network

under the “carbon peaking and carbon neutrality” goals. New power

system planning investment decisions.
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