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Abstract. In order to meet the requirements of precise investment in the distribution network under the 
new power reform, this paper proposes an optimization model for the investment decision of the distribution 
network. With the largest net present value rate and the smallest comprehensive cost of grid operation as the 
optimization goal, and certain capital constraints as constraints, a distribution network 0-1 programming 
model is established and solved by LINGO software; the analysis of an example shows that this model can 
ensure the safety of investment in the distribution network and the precise investment allocation in the 
distribution network under certain financial constraints. 

1 Introduction 
In the context of the in-depth promotion of the new 
power reform, the power grid pays more attention to the 
lean management of investment. As the core part of the 
power system, the distribution network proposes a 
scientific and comprehensive distribution network 
investment decision-making optimization method, which 
is the key to effectively improving the level of power 
grid investment management. 

The investment optimization of distribution network 
construction projects is currently a hot research topic. 
Literature [11] chooses to take the maximum annual 
expected benefit investment ratio of the distribution 
network as the objective function, comprehensive 
investment capital constraints, load demand constraints, 
and financial benefits. This is an optimization method 
for annual investment decision-making based on the 
largest annual return; literature [13] uses an improved 
TOPSIS method to make investment optimization 
decisions on the established set of distribution network 
benefit evaluation index system. References [14] and [15] 
analyzed the sensitivity of individual projects to 
comprehensive indicators and obtained optimal results 
within a certain project investment limit. In the past, 
scholars paid more attention to the investment benefits 
brought by the investment of distribution network 
projects, but often ignored the urgency of investment in 
the construction of distribution network projects, and it 
was difficult to achieve the "precision" goal of 
investment. 

This paper proposes a decision-making optimization 
model for distribution network construction projects. A 
0-1 linear programming optimization model is 

constructed based on the objective functions such as the 
largest net present value rate and the smallest 
comprehensive cost of grid operation, as well as the 
investment ratio and other constraints, and the 
calculation and analysis are given to obtain investment 
results and optimize resource allocation. 

2 Optimal Model of Investment Decision 
for Distribution Network Project 
In order to solve the optimization problem of the 
investment decision-making of the distribution network 
project, a 0-1 programming model is established to make 
the optimization decision of the project, mainly to 
analyze the objective function, constraint conditions and 
model solution method of the matching algorithm of the 
investment project and the different types of investment 
urgency of the distribution network . 

Since power grid investment is a physical investment 
project, the total investment is fixed, and the investment 
amount of each project is also fixed, so the decision 
result should not be the proportion of investment but 
should be whether to invest in the project. General linear 
programming cannot solve the fixed cost problem, so 0-1 
linear programming is needed. In order to determine 
whether a project is adopted or eliminated, an optimized 
variable 0-1 vector X can be defined. 
                             1 2, . . . . . .i nX x x x x   (1) 

In the formula, xi represents the selection of the i-th 
item, xi is a variable, and only takes 0 or 1. When it is 0, 
it means that the item is not selected, and when it is 1, it 
means that the item is selected; n is the total number of 
alternative items. 
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2.1. Objective function 

(1) Optimal objective function of investment decision for 
distribution network project 

In order to measure the power grid's ability to 
respond to risks with increased investment, first consider 
the security benefits of the grid, while focusing on 
economic benefits, and select the operation of the grid 
(the minimum overall cost and the largest net present 
value rate) as the objective function. 

Objective function 1: Minimal overall cost of grid 
operation 

Grid operation requires comprehensive consideration 
of its reliability and economy. To pursue high reliability, 
generally more backup costs must be invested to avoid 
the risk of power outage. If the pursuit of low backup 
cost is ignorant, it may result in low reliability of grid 
operation and power outages. The risk is very high, 
which will bring greater risk loss. Therefore, the 
operation of the power grid should balance the reliability 
cost and the risk cost of power outage. As shown in 
Figure 1, find the intersection of reliability cost and 
power outage risk cost (comprehensive cost) as the best 
advantage of grid operating costs. It can be calculated as 
follows: 
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In the formula, riskC  is the comprehensive risk cost 

of power grid operation;  F t  is the cost function of 

power grid outage risk; spareC  is the economic loss cost 
of power grid outage;  F m  is the power grid reliability 

cost function; when 
=risk spareC C

, the obtained value is 
intjoC , which is the power grid The minimum overall 

operating cost. 
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Fig. 1. Reliability Cost-Grid Outage Risk Cost Analysis Curve 

Objective function 2: Maximum net present value 
rate 

Net present value refers to the sum of the present 
value of discounting the net cash flow of each year 
during the project calculation period to the beginning of 
the construction period according to the industry 
benchmark rate of return or the set discount rate. Net 
Present Value Rate (NPVR, Net Present Value Rate), 

also known as net present value ratio and net present 
value index, refers to the ratio of the project’s net 
present value to the original investment present value, 
also known as the “total net present value”. The net 
present value rate is a dynamic investment income 
indicator, used to measure the profitability of different 
investment schemes, and to indicate the size of the net 
present value that can be achieved by the present value 
of a project's unit investment. The net present value rate 
is small, the return of unit investment is low, and the net 
present value rate is large, the return of unit investment 
is high. The net present value formula can be defined as 
follows: 
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In the formula, NPV is the net present value, CIt is 
the cash inflow in year t, COt is the cash outflow in year 
t, n is the life of the project, and i0 is the benchmark 
discount rate. The net present value can be calculated 
according to the financial cash flow statement. Projects 
with a net present value ≥ 0 are financially acceptable. 
In the multi-plan comparison, the one with the largest 
financial net present value is the best. 

The following formula is the net present value rate 
formula: 
                        

p
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    (4)
In the formula, N P V R  is the net present value rate, 

N P V  is the net present value, and pI  is the present 
value of the project's original investment. 

Therefore, in order to match the selected project with 
the weak links of the grid operation as a whole, to 
minimize the comprehensive cost of the selected project 
to the grid operation and maximize the net present value 
rate, the objective function is constructed as shown in 
Equations (5) and (6). 
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In the formula, intjoC  and NPVR  are the decision 
value of the project, intjo iC   is the comprehensive cost 
value of the i-th project on the grid operation; iNPVR  is 
the net present value rate of the i-th project, and n is the 
total number of projects included in the project. 

2.2 Restrictions 

For investment projects matching the algorithm for the 
urgency of power grid investment, the constraints mainly 
include the total investment constraint, the investment 
allocation ratio constraint, and the relationship between 
projects. 

(1)Total investment constraints 
The total investment constraint can be expressed as 

follows: 

                         j j P
1

nP

P P
j

c x T


   (7)

2

E3S Web of Conferences 194, 03020 (2020) https://doi.org/10.1051/e3sconf/202019403020
ICAEER 2020



 

In the formula, ci represents the planned investment 
of the i-th project, and T represents the total investment 
in the grid this year. 

(2)Investment allocation ratio constraint 
First of all, according to the relationship between the 

growth of the historical operating characteristics of the 
power grid in the region and the amount of investment, 
and the content of the investigation, the contribution of 
different types of projects to the development of the 
power grid can be determined, and the investment 
proportions can be allocated according to the project 
types. 

For category a and b projects classified according to 
investment decision attributes, the investment allocation 
ratio constraint can be expressed as follows: 

                             j j P
1

nP

P P
j
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  (8)

In the formula, Cpj represents the planned investment 
amount of the j-th project under the category P project, 
Pn represents the total number of projects in the category 
P project, Tp represents the total investment of the 
category P project, and P is equal to a or b. 

(3)Relational constraints between projects 
1) Mutually Exclusive Project. If item i and item k 

are mutually exclusive and can only choose one of them, 
the constraint equation can be expressed as 1i jx x   

2) Dependent Project. If there are item k and item l, 
and the occurrence of item k must be established when 
item l occurs, the constraint equation can be expressed as 

0k lx x   
3) Strictly complementary constraints. If item m and 

item n, the two items must be on or not at the same time, 
the constraint equation can be expressed as 0m nx x   

2.3 Solution 

LINGO is a set of software packages mainly used to 
solve large-scale linear, nonlinear and integer 
programming problems. Therefore, LINGO can be used 
to measure and calculate the investment decision-making 
problems of comprehensive plan management projects 
based on 0-1 programming. 

3 Analysis 
It is known that the estimated total investment in the 

distribution network of A area in a certain year is 
11.03225 billion yuan. In this section, based on the 
previously constructed model, the precise distribution of 
power grid investment projects in area A in a certain 
year is selected for analysis. 
(1)Basic data of investment projects 

There is a total of 20 projects in area A that require 
investment. Among them, there are 10 investment 
projects in category a and investment projects in 
category b that are precisely allocated for grid operation. 
The total investment of the project is 50 million yuan. 
The information of each project is shown in Table 1. 

Table 1. Fundamental data table of class a (large industry) 
investment projects 

Item 
Numb

er 

Initial 
Investmen

t (ten 
thousand 

yuan) 

Net 
Present 
Value 
(ten 

thousand 
yuan) 

Net 
Present 
Value 

Rate (%) 

Comprehensi
ve Cost of 

Grid 
Operation (ten 

thousand 
yuan)

a b a b a b a b a b 

1 11 233 32
6

30
0

45
3 

1.2
9  

1.
39  7.2 10.8

2 12 500 14
0

61
2

21
5 

1.2
2  

1.
54  17.4 7.8 

3 13 120 16
0

15
0

30
1 

1.2
5  

1.
88  4.5 7.6 

4 14 148 21
1

22
0

35
7 

1.4
9  

1.
69  4.9 8.4 

5 15 320 22
3

42
0

33
5 

1.3
1  

1.
50  14.9 6.3 

6 16 300 41
1

32
5

52
3 

1.0
8  

1.
27  5.6 11.6

7 17 195 35
0

22
0

36
9 

1.1
3  

1.
05  7.8 7.3 

8 18 280 26
5

31
1

30
5 

1.1
1  

1.
15  7.3 5.2 

9 19 450 22
8

72
1

24
5 

1.6
0  

1.
07  14.4 3.95

1
0 20 311 11

0
41
9

25
4 

1.3
5  

2.
31  12.8 4.9 

(2)Optimal Algorithm for Investment Decision of 
Distribution Network Project 

The total investment in the region in 2019 is 50 
million yuan. The net present value rate and the 
comprehensive cost of the power grid are selected as the 
decision value. According to the model established in the 
previous article, the objective function of the investment 
project is expressed as follows. 
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Table 2. Constraints for different types of projects 

Total 
Investment 

(ten 
thousand 

yuan)

Type

Investme
nt 

Allocatio
n Ratio 

Maximum 
Investment 

Amount (ten 
thousand 

yuan) 

Association 
Constraint

5000 
A 35% 1750 x7-x9=0 

B 65% 3250 x14-x17≤
0

(3)Optimal Algorithm Process for Investment 
Decision of Distribution Network Project 
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Fig. 2. Diagram of optimization program for investment 

decision of distribution network project 

 
Fig. 3. Diagram of optimization result of investment decision 

of distribution network project 

After the objective function and constraint conditions 
are established, LINGO is used to solve the model. The 
calculation results are shown in Table 3. 

Table 3. Optimal result of power grid project investment 
decision 

Calculation Content Result

Type 
A 

1，3，4，7，8，
9，10 

B 12，13，14，
15，17，18，20

Total Investment (ten thousand yuan) 3196
Balance Investment (ten thousand yuan) 1804

It can be seen from the above results that after the 
investment is completed, the project decision value is 
20.53. Due to the constraints of the entire investment 
project, the balance of funds after the completion of the 
investment is 18.04 million yuan, of which the 
unselected projects are 2,5,6,11,16 and 19. So the second 
optimization should be done for the unselected projects. 

The second optimization result is that projects 
2,5,11,16 and 19 can be invested, and the risk of the 
investment amount increases by 1174.4 yuan. Therefore, 
the calculation results of the matching algorithm 
between the investment project and the weak link of the 
power grid is shown in Table 4: 

 
 

Table 4. Two calculation results of matching algorithm 
between investment project and weak link of power grid 

Ty
pe

Result
（Not 
select
ed）

Planne
d 

invest
ment 

allocat
ion 

ratio 

Planne
d 

Invest
ment 
(ten 

thousa
nd 

yuan) 

Actual 
Invest
ment 

Alloca
tion 

Ratio 

Actual 
Invest
ment 
(ten 

thousa
nd 

yuan)

Balanc
e 

Invest
ment 
(ten 

thousa
nd 

yuan)

A 2,5,6 35% 1750 54.35
% 1737 

1804 
B 11,16,

19 65% 3250 45.68
% 1459 

A 6 35% 1750 51.14
% 2557 

19 
B / 65% 3250 48.48

% 2424 

It can be seen from the above results that when the 
investment is optimized for the first time, under the 
constraint of ensuring that the risk cost is within a certain 
range, projects 2, 5, 6, 11, 16, and 19 are not selected, 
and the investment balance is 18.04 million yuan; when 
it comes to the second optimization investment, the 
entire investment is completed, and in order to meet the 
investment objectives and constraints, the final result of 
the two types of projects is to exclude project 6 without 
investment, and the remaining projects are invested. This 
investment increases the risk cost of 11.744 million yuan. 
However, the net present value rate of the entire project 
is maximized, with a balance of only 190,000 yuan. The 
investment aiming to solve the weak links of the power 
grid should be based on ensuring safety, so the 
investment should be made according to the first 
optimization results, but if you want to maximize the 
allocation of resources as much as possible, you can 
appropriately increase the investment. 

4 Conclusion 
Based on the objective functions such as the largest net 
present value rate, the smallest grid risk value, and the 
investment ratio and other constraints, this paper 
constructs a distribution network investment decision-
making optimization model. The case is calculated and 
analyzed, and the investment results are obtained. Under 
the premise of meeting certain safety benefits, the 
economic benefits of distribution network investment are 
maximized. This model can provide theoretical guidance 
for investment in regional power grids and even large 
power grid projects. 
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