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Abstract. Frequent natural disasters and extreme weather events have encouraged
governments around the world to speed up efforts to promote low-carbon transfor-
mation in various sectors. Under the goal of “double carbon”, the construction of
new power system has been continuously promoted, and the following new invest-
ment related to power grid has also gradually increased. From the perspective of
power grid companies, based on the overall study of the economic benefits of new
investment in power grid under the new power system, this paper classifies and
analyzes the relevant investment in power grid under the new power system based
on the scenario analysis method, studies the cash inflow and outflow of various
typical new investment in the new power system during the whole life cycle, and
gives the relevant calculation scheme, which is the direction of new investment in
power grid under the new power system Investment scale and investment income
provide scientific basis for economic benefit measurement.
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1 Introduction

Under the “double carbon” goal, it is imperative to build a new type of power system
based on new energy. Under the new situation, power grid enterprises have also generated
new demand for investment projects, it is necessary to analyze and measure the economic
benefits of new investment projects of power grid by category.

Under the new power system, new energy consumption and distributed wide access
are the key points of power grid investment [1]. The benefit of power grid investment
mainly refers to the economic benefit analysis of the result of power grid investment,
and the quantitative expression of the benefit generated within the depreciation period
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in the form of internal rate of return, rate of return on investment, net present value
[2]. The literature [3] improved the TOPSIS method based on the benefit assessment
index system and constructed a grid investment benefit index system suitable for the
characteristics of the Chinese distribution grid. The literature [4] analyzed the benefit
level of the grid under different planning schemes based on the whole life cycle input-
output model. The literature [5] analysed the economic benefits of deploying energy
storage in PV systems by studying the net present value, discounted reporting period,
and benefit-cost ratio. The literature [6] considered the time value of money, whole
life cycle cost and other factors, and established a grid input-output benefit evaluation
model to analyse the economic benefits of grid investment. The literature [7] proposed
an improved index system for evaluating the efficiency of grid investment projects, and
evaluated the investment effectiveness as well as the efficiency of actual grid projects.
The literature [8] considered the time-series characteristics of distributed power sources
such as wind power and photovoltaic and electricity load, and carried out multi-objective
optimization of the distribution grid investment strategy. The literature [9] constructs a
two-level distribution grid project investment efficiency evaluation index system, which
provides a scientific and reasonable evaluation of the distribution grid project investment
efficiency. The literature [10] established a hierarchical and comprehensive evaluation
index system to evaluate the investment benefits of county-level distribution networks.

In summary, this paper establishes a model for measuring the economic benefits
of new investments in power grids and analyses the cash flows of various typical new
investment projects in power grids over their whole life cycle to provide some reference
for the investment measurement of actual power grid planning projects.

2 Economic Efficiency Model for New Investment in Typical Power
Grids Under New Power Systems

Through the economic benefit measurement of power grid investment, we can understand
the economic benefits of power grid investment projects, and provide certain theoretical
support for future power grid investment decisions, so as to improve the rationality and
scientificity of power grid planning and construction.

The economic benefit model of new investment in typical power grid under the
construction of new power system is shown in Eq. 1:

Beco = Lo — Call (1)

where, B, is the economic benefit of new investment in power grid, I, is the present
value of cash inflow in the whole life cycle, C,y; is the present value of cash outflow in
the whole life cycle.

The measurement of economic benefit can provide reference for investment decision
by calculating internal rate of return and investment rate of return.

Internal rate of return refers to the discount rate when the total present value of capital
inflows equals the total present value of capital outflows and the net present value equals
zero. Its calculation equation is as follows:

Z [(CI —CO),(1+IRR)'] =0 )
t=0
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where, t represents the year, (CI — CO), represents the net cash flow in year t, /IRR
represents the internal rate of return.

Next, based on the summary of cash inflows and outflows in the whole life cycle,
the two typical projects under the construction of new power system - distributed photo-
voltaic grid connection project and large-scale new energy grid connection project will
be studied by scenario economic benefit model.

3 Economic Efficiency Model of New Investment Driven
by Distributed Photovoltaic

In this paper, economic benefit analysis is conducted based on three grid connection
modes of distributed photovoltaic [11], as shown in Fig. 1.

The main income and expenditure in the whole life cycle of distributed photovoltaic
grid investment are as follows:

Mg = I,}s + Isr + Iia + Irv - (Cinvest + COM + Cretirement) (3)

where, Ci,yesr 18 the cost of the investment stage of the project, Coyy is the operation and
maintenance cost of the project, Crerirement 1S the cost of the retirement and scrapping
stage, II}S is the income from electricity sales, [j, is the income from the network over-
charge, I, is the income from the capacity reserve fee, and I, is the discounted value
of the residual value of fixed assets.

3.1 Main Cash Outflows in the Whole Life Cycle

The cost in the investment stage is mainly divided into design planning cost, equipment
purchase cost and construction and installation cost, as shown in Fig. 2.

The cost of the investment phase of the typical new investment project of the power
grid under the new power system is calculated as follows:

Cinvest = Cps + Cgp + Crr “4)

where, Cinyesr 1 the investment stage cost of the project, Cpyg is the design and planning
cost of the project, Cgp is the equipment purchase cost of the project, and Cgy is the
construction and installation engineering cost of the project.

’—b{ Economic benefit of self-use model ‘

Distributed photovoltaic
network connection mode

\—b{ Full access mode economic benefits ‘

Fig. 1. Three modes of connection of distributed PV

—ﬁ Economic benefits of self-generated surplus electricity network mode ‘
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Fig. 2. Costof power grid investment project in the investment period under the new power system

3.2 Main Cash Inflows in the Whole Life Cycle

The main cash inflows in the whole life cycle include electricity sales income, network
fee income, etc.

n 4 4

D= "33 "10,, x P, x (1 +i)7"] (5)

t=1 v=1 u=1

where, Ilgs is the electricity sales revenue, Q) , is the electricity sales volume of the
second type of users in the voltage level in the first year, and the value of vis 1 ~ 4,
representing the voltage levels respectively, and the value of u is 1 ~ 4, representing the
categories of large industry, general industry and commerce, residential and agricultural
users respectively. Pé’ . 1s the purchase price of electricity for class I users of the voltage
level, and i, is the benchmark rate of return.

The income from capacity reserve fee of distributed power users is as follows:

12
Iy =Y (St % ply) x (L+ie)™" (©)
m=1
5
Iy =D Q) x phy) x (1 +i) ™! @
v=I1

When capacity pricing is adopted, the capacity reserve fee income is the standby
capacity electricity price income, as shown in Eq. 10, where m is month, S’ is the
transformer capacity or maximum demand of the user in month m of year 7, and p?, is
the corresponding capacity reserve fee standard.

When pricing according to electricity quantity, the capacity reserve fee income is
the price of reserve electricity, as shown in formula (9), where is the voltage level, the
value of v is 1 to 5, representing the voltage levels respectively, and pgm is the capacity
reserve charge standard of the user with voltage class v in year 7, and Q), is the power
that can be supplied by the user’s self-owned power plant and distributed power supply
of the user with voltage class v in year ¢.
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Power grid supporting Income from Income from Internet Power transmission and Residual
investment benefits electricity sales connection fees distribution revenue value

Full life cycle of large-scale new energy grid connection
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Fig. 3. The life-cycle costs and benefits of large-scale new energy grid-connection

4 Economic Efficiency Model of New Investment Under Gird
Integration of Renewable Energy Generation

The main income and expenditure under the grid integration of renewable energy
generation are as follows.

Mne = II}S + Itd + Iime + Irv - (Cinvest + COM + Cr + Cretirement) (8)

where, Cr is the failure cost of the project, ;5 is the income from transmission and
distribution business, and i is the income from large-scale renewable energy network
connection fee.

The cost of new energy grid connection is basically the same as that of distributed
photovoltaic promotion. The main cash inflows in the whole life cycle include the income
from power transmission and distribution, the income from connection fees, the income
from electricity sales, and the residual value of fixed assets. The power transmission and
distribution income of market trading electricity includes the power transmission and
distribution income of large industrial users and the power transmission and distribu-
tion income of general industrial, commercial and other users. The life-cycle costs and
benefits of large-scale new energy grid-connection are shown in Fig. 3.

The grid charges for large-scale renewable energy are calculated as follows:

Linte = Lut + Qnybria X Irein ¥ (I+ ic)_[ )]

where, Iine is the income of large-scale renewable energy connection fee; I, is the cost
of the grid-connected line between the renewable power point and the public substation;
Qpybria 1S the connection fee coefficient; when ajypig is 0, the connection network is
shallow; when anybria € (0, 1), it is mixed; when opypyig is 1, it is deep;/rein is the cost
of grid enhancement for renewable power access.

5 Empirical Analysis

This paper makes an empirical analysis based on the investment situation of distributed
photovoltaic and supporting power grids in Hunan in 2021. The total investment situ-
ation of distributed photovoltaic supporting power grids in Hunan in 2021 is shown in
Table 1.

The economic benefit calculation results of the new investment are shown in
Table 2 (Unit as above).
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Table 1. Total investment in distributed photovoltaic and supporting power grids

Voltage Classes

35-110kV

1-10(20) kV

Less than 1 kV

Grid Investment Cost (Unit: Ten thousand Yuan)

30126.15

38986.78

23923.70

Table 2. Economic benefit calculation results of distributed photovoltaic and supporting power

grid

Voltage Classes 35-110kV | 1-10(20) kV | Less than 1 kV
Economic benefit of self-use model 5265.77 5359.30 2749.80
Economic benefits of self-generated surplus |44191.93 45753.75 23324.94
electricity network mode

Full access mode economic benefits 54099.49 54099.49 27049.75
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Conclusions and Suggestions

Based on the typical investment, this paper establishes the economic benefit model of
the typical new investment in the power system in the whole life cycle, and based on the
scenario analysis method, it makes a theoretical analysis of the two typical scenarios of
distributed photovoltaic propulsion and large-scale new energy grid connection, provid-
ing a scientific basis for the economic benefit calculation of the new investment in the
power system under the new power system.
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