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The current power grid planning mostly realizes the calculation and analysis based on the factors of operation reliability or
operation economy, but low-carbon green operation has become the main melody of power system development. Aiming to
support the green and reliable operation of the power grid, this paper proposes a power grid low-carbon collaborative planning
method based on improved cat swarm optimization algorithm. First, the carbon emission characteristics of the whole cycle of
power grid construction are analyzed on the edge side, and a power grid planning model including environmental, economic,
and reliability is constructed; on the cloud side, the cat swarm optimization algorithm is improved based on quantum
mechanics and chaotic algorithm to achieve efficient solution to the power grid low-carbon planning model, which can support
the stable and sustainable operation. Finally, the simulation experiment is realized based on IEEE 39 bus system. In this
experiment, the construction cost and carbon emission of the proposed collaborative planning method are 23 million yuan and
2.28 t/MWh, respectively, which can reduce carbon emission while optimizing the construction cost and maintaining the low-
carbon and stable operation.

1. Introduction

Traditional power grid planning is to formulate the planning
scheme of the area where the power system is located on the
basis of meeting the constraints of power balance, taking the
load demand as the goal, taking safety, reliability, economy,
and rationality as the basic conditions, and taking the loca-
tion and capacity of power supply and power grid structure
as the main contents [1, 2]. Reasonable power grid planning
scheme plays a vital role in power grid construction and sys-
tem operation.

In recent years, in order to improve global warming and
maintain stable energy storage, green and sustainable energy
supply strategy has become an important research object in
power-related industries [3–5]. Power industry has signifi-
cant carbon locking effect, which requires that the economy
of the system and the benefits of carbon emission reduction
should be included in power grid planning.

At the same time, vigorously developing renewable
energy is an important demand for low-carbon transforma-
tion of social energy system. Large scale clean energy grid
connection is an important feature of new energy power sys-
tem. The proportion of renewable energy in the energy con-
sumption structure in 2050 is expected to exceed 60%.
Furthermore, as the main carbon emission source in the
power industry, the low-carbon development planning of
the power generation side has attracted extensive attention
of scholars at home and abroad [6, 7].

In the traditional planning method, the goal of power
grid planning is to achieve stable and reliable power supply.
In addition to considering the reliability and economy, the
new power system planning under the carbon trading envi-
ronment should also include the carbon level into the evalu-
ation system [8]. The essence of the evaluation decision-
making of the model is the tripartite game of economic indi-
cators, reliability indicators, and environmental indicators
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[9]. How to combine carbon level assessment with power
system planning decision-making [10], the establishment
of low-carbon assessment system is the primary problem
to ensure the optimal planning of new power system.

In view of the existing problems, in order to realize the
low-carbon and efficient steady-state operation of power sys-
tem, this paper proposes a collaborative planning method to
realize the low-carbon sustainable development of power
grid based on the efficient computing mode of cloud edge
collaboration, which can effectively control the carbon emis-
sion content of power grid and ensure the green sustainable
state of power grid. The main contributions of this paper are
as follows:

(1) Fully analyze the carbon emission characteristics of
power transmission and transformation equipment
in the power grid in the whole life cycle on the edge
side, then establish the carbon emission evaluation
model of equipment in the whole life cycle, model
the network loss based on DC power flow, and
embed it into the power grid planning model to pro-
vide reliable and comprehensive low-carbon power
grid model support for cloud side planning solution

(2) On the cloud side, the parameter update of cat
swarm optimization (CSO) algorithm is improved
based on quantum mechanics and chaos algorithm
to solve the problem of local optimization of tradi-
tional algorithm. In the later stage of algorithm iter-
ation, it can save population resources, improve the
search ability of local optimization and the accuracy
of global search, and then improve the efficiency of
planning problem solving

The main contents of the rest of the paper are arranged
as follows. The second section introduces the corresponding
research on power grid low-carbon planning; the third sec-
tion combs the overall framework of the paper; the fourth
section realizes the simulation verification based on the
improved standard example; the fifth section is the conclu-
sion of this paper.

2. Related Work

Reasonable and effective planning methods for power grid to
realize low-carbon economy will help to understand the
actual low-carbon development level of power grid, feedback
the implementation effect of low-carbon measures, and find
the potential of power grid construction and improvement
[11, 12]. And the research on power grid planning method
and evaluation under the low-carbon development goal has
very important practical significance for guiding the plan-
ning, construction, operation, and management of low-
carbon power system.

The traditional linear programming model is essentially
a nonlinear multiobjective optimization problem. At pres-
ent, the existing power grid planning research only analyzes
and discusses the reliability index or economic index,
including the operation safety, power supply reliability,

investment scale, and economic return after the power grid
is put into operation.

At present, China’s carbon dioxide emissions from elec-
tricity account for 38.73% of China’s total carbon emissions
from fossil energy [13]. Therefore, on the premise of adapt-
ing to the national economic development, it is an urgent
problem to realize the adjustment of power energy structure
and strategic planning and the road of sustainable develop-
ment of power under the low-carbon mode [14].

Therefore, it is particularly important to introduce envi-
ronmental indicators into the construction of planning
model [15, 16]. In the power grid planning, the key issue
for the energy system is to promote the clean energy trans-
formation of the energy strategy of building a “national net-
work” by introducing the analysis of carbon emission
characteristics.

In fact, the contribution of power grid links to the reali-
zation of low-carbon power cannot be ignored [17, 18]. A
reasonable power grid structure can not only reduce the
power grid operation energy consumption but also reduce
the comprehensive carbon emission intensity at the power
generation side.

The research on low-carbon power grid planning is
mainly divided into the following three aspects [19, 20]: (1)
establish a low-carbon benefit evaluation model to compare
and analyze the low-carbon benefits of different power grid
planning schemes; (2) introduce low-carbon power technol-
ogy, analyze its influence mechanism on the change of opti-
mization planning scheme; (3) internalize the carbon
emission cost, embed the objective function of the tradi-
tional model, or increase the carbon emission constraints
to establish a low-carbon power grid planning model.

At present, there is still a relative lack of research on low-
carbon grid planning, taking into account the new energy
grid connection for power grid reliability or construction
economy analysis. Reference [21] proposed a multiobjective
transmission network planning model based on flexibility
and economy to realize the dual optimization of minimum
construction cost and optimal renewable energy treatment;
reference [22] takes the adaptability index of supply-
demand balance as the objective function of unit planning
stage and the adaptability index of operation state and net-
work structure as the objective function of network planning
stage to realize the dual planning of network source; a mixed
integer linear stochastic model is proposed in reference [23],
which is used for the optimal expansion planning of distri-
bution network and green energy devices to support the reli-
able and stable state; reference [24] is oriented to the analysis
of effective deployment of green energy in urban microgrid
with reliable power supply and optimal operation as the
objective function.

However, the above literature lacks the characteristic
analysis of carbon emission in the planning model. Consid-
ering only from the perspective of power grid reliability or
operation economy, the planning model is not complete,
which is difficult to meet the development needs of green
sustainability of current power grid.

Aiming to these problems, this paper analyzes the car-
bon emission characteristics of the whole cycle based on
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the efficient treatment mode of cloud edge cooperation and
constructs a power grid planning model including environ-
mental, economic, and reliability; the improved CSO algo-
rithm is introduced into the cloud to maintain the green
and sustainable system.

3. Methodology Framework

3.1. Overall Framework. The processing and analysis mode
of the integration of cloud computing and edge computing
has strong data decision-making and analysis ability and
can realize more accurate and fast model solving and calcu-
lation. Therefore, a power grid low-carbon planning method
based on cloud side collaborative architecture to support the
low-carbon sustainable operation of power grid is proposed.
As shown in Figure 1, the low-carbon planning scheme
under the cloud side collaborative architecture proposed in
this paper includes two modules:

(1) Cloud Network Source Collaborative Planning Analy-
sis. With the help of cloud server cluster, the tradi-
tional CSO algorithm based on quantum mechanics
and chaos algorithm is improved to form the hierar-
chical multi-objective model and power supply col-
laborative planning, solve the problem of local
optimization in the traditional algorithm, and realize
the low-carbon sustainability planning analysis of
the current power grid

(2) Operation Characteristics and Model Analysis of
Edge Network Source. Aiming to better achieving
the goal of power sustainability and green, taking
into account the carbon emission characteristics of
the whole life cycle of power grid planning, this
paper establishes a green energy operation simula-
tion model at the edge of the collaborative planning
architecture to support the cloud to achieve efficient
and accurate power grid low-carbon planning
analysis

3.2. Low Carbon Factor Analysis and Modeling of Power Grid
at the Edge. Aiming to better achieving the goal of sustain-
ability and green, taking into account the carbon emission
characteristics of the whole life cycle, this paper establishes
a green energy operation simulation model at the edge of
the collaborative planning architecture.

Taking wind power as an example, based on the histori-
cal output data, this paper simulates and generates the
hourly sequential output sequence in line with the random
output characteristics of new energy.

The wind speed model is

dsit = −υi sit −�sið Þdt +
ffiffiffiffiffiffiffiffiffiffi
ο sitð Þ

p
dκit , ð1Þ

ο sitð Þ = 2υ
f sð Þ

ðs
1
�s − xð Þf xð Þdx, ð2Þ

where sit is the simulated wind speed at time t of wind
farm i; υi is the exponential attenuation coefficient of auto-
correlation function of wind speed corresponding to wind

farm i; �si is the average wind speed of wind farm i; f ðsÞ is
the Weibull function of wind speed; dκit is a random num-
ber sequence with normal distribution.

The wind speed can be accumulated hourly according to
dst :

sit = sit−1 + dst: ð3Þ

The output of the wind farm is

Pit =mit 1 − ξið Þui sit jid jisð Þ, ð4Þ

where Pit is the output of wind farm i at time t; mit is the
number of units available at time t of wind farm i; ξi is the
wake effect coefficient of wind farm; ui is the output charac-
teristic curve of wind turbine; jid and jis are the correction
coefficients of daily and seasonal characteristics of wind
speed, respectively.

3.2.1. Life Cycle Carbon Emission Characteristics of Power
Grid Planning. The construction, operation, maintenance,
and scrapping of a large number of power transmission
and transformation equipment in the power grid will con-
sume a lot of energy and produce carbon emissions. In this
paper, the whole life cycle evaluation method is used to ana-
lyze each link of the power grid, which can more compre-
hensively and scientifically analyze the low-carbon
planning and investment decision-making of the power grid.

The life cycle analysis of transmission equipment is
shown in Figure 2.

Based on the analysis of the whole life cycle of transmis-
sion equipment, the carbon emission assessment model of
the whole life cycle of transmission equipment can be
established.

The whole life cycle carbon emission of transmission
equipment can be decomposed into

εALL = εC + εO + εM + εF + εD, ð5Þ

where εALL is the carbon emission in the whole life cycle;
εC is the carbon emission during construction; εO is the car-
bon emission in operation; εM is the carbon emission in
maintenance; εF is the fault carbon emission; εD is the car-
bon emission from decommissioning.

Based on the above analysis, the investment cost model
of new lines can be established by introducing carbon emis-
sion cost:

C = 〠
N line

n

clinen + σnε
line
n

� �
, ð6Þ

where N line is the investment payback period of the line;
clinen is the equivalent annual value of the line investment; σn
is the carbon emission price in the n year; εlinen is the annual
equivalent carbon emission of the line in year n. The line
operation carbon emission caused by network loss is consid-
ered separately. εlinen and clinen can be calculated by the
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following formula:

εlinen = εALL − εOð Þ
N line

, ð7Þ

clinen = 1 + αð ÞN line−nα

1 + αð ÞN line − 1
C′, ð8Þ

where C′ is the investment amount of the line; α is the
capital discount rate.

3.2.2. Reduce Power Grid Loss. Power grid loss will increase
additional carbon emissions on the power generation side.
Reducing loss is the most direct low-carbon measure in
power grid links. In this paper, the network loss is modeled

based on DC power flow and embedded into the power grid
planning model to realize the collaborative optimization of
network loss management and power grid planning [25].

Under the normal operation of high-voltage transmis-
sion network, the node voltage amplitude is close to 1.0 pu.
Therefore, combined with the traditional AC power flow
equation, the expression of active power loss P is

P ≈
θi − θj
� �2

g
, ð9Þ

where θi − θj is the voltage phase angle difference; g is
the conductivity of the line.

Equation (7) shows that the line network loss can be
approximately expressed as the product of line conductance

Edge computing
cluster

Analysis of carbon emission
characteristics in the whole life cycle
𝜀ALL = 𝜀C + 𝜀O + 𝜀M + 𝜀F + 𝜀D

Nline

n

Cloud Computing
Center

Model support

Network loss analysis

Pit = mit (1–𝜉i) ui (sitjidjis)
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line + 𝜎n𝜀n
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Figure 1: Overall architecture of the proposed method.
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Figure 2: Life cycle of transmission equipment.
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and the square of node voltage phase angle difference, that is,
the active power mainly depends on the node voltage phase
angle difference.

3.3. Cloud Side Network Source Collaborative Planning
Model Optimization. In this paper, the economy, reliability,
and environmental benefits are comprehensively considered
in order to build a hierarchical multiobjective collaborative
planning model; based on the server cluster, the improved
CSO algorithm is adopted to realize efficient multiobjective
optimization and ensure the green sustainability of power
grid planning and analysis.

3.3.1. Network Source Collaborative Planning Model. The
low-carbon power grid planning model proposed in this
paper is a bilevel planning model. The planning objectives
and contents of each layer model are as follows.

(1) The upper model is mainly the construction cost
model. The planning economy considers the con-
struction cost and the operation cost after putting
into operation, mainly including power grid invest-
ment cost. The upper model is as follows:

C1 = CNCG + CNL + CLS + CNC + CNE, ð10Þ

where CNCG is the construction cost of power grid peak
shaving power plant; CNL is the construction cost of power
grid line; CLS is the cost of grid loss; CNC is carbon emission
cost; CNE is the power purchase cost.

The CNCG calculation model of construction cost of
power grid peak shaving power plant is

CNCG = 〠
I

i=1
μNCG,ixi = 〠

I

i=1
BNCG,i ⋅

r r + 1ð ÞNI

r + 1ð ÞNI ⋅ xi, ð11Þ

where xi is a 0-1 decision variable, indicating the opera-
tion status for peak shaving generator unit, where 0 repre-
sents shutdown and 1 represents operation; μNCG,i refers to
the annual value such as the investment cost of the generat-
ing unit i; I refers to the number of generator units to be
added; BNCG,i refers to the initial investment cost of the gen-
erating unit i; r refers to the annual discount rate of the
investment; NI refers to the planned service life.
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Whether constraints
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Output planning results
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Figure 3: Power grid planning flow chart based on improved cat swarm algorithm.
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The CNL calculation model of power grid line construc-
tion cost is

CNL = 〠
J

j=1
μNWT ,jyj + 〠

K

k=1
μNPV ,kzk

= 〠
J

j=1
BNWT ,j ⋅

r r + 1ð ÞNJ

r + 1ð ÞNJ − 1
⋅ yj

+ 〠
K

k=1
BNPV ,k ⋅

r r + 1ð ÞNK

r + 1ð ÞNK − 1
⋅ Zk,

ð12Þ

where yj and yj are 0-1 decision variables, indicating the
operation status of grid connected lines of wind farm and
photovoltaic power station; J and K refer to the number of
grid connected lines of the wind farm and the number of
parallel lines of the photovoltaic power station to be added;
μNWT ,j and μNPV ,k are the equivalent annual values of the
investment cost of the corresponding grid connected lines,

respectively; BNWT ,j and BNPV ,k are the corresponding initial
investment costs, respectively; NJ and NK are the planned
service life of corresponding lines, respectively.

The calculation model of power grid loss cost CLS is

CLS = τ〠
D

d=1
〠
T

t=1
I2d,tRit, ð13Þ

where τ represents the unit network loss electricity
price, 10000 yuan/(kW·h); D is the total number of trans-
mission lines used by the system; Id,t is the current on line
d in the corresponding period t; Ri is the resistance of the
corresponding line; T refers to the total number of time
periods.

CNC calculation model of carbon emission cost

CNC = ω〠
I

i=1
〠
T

t=1
eNCG,iPNCG,iΔt, ð14Þ

where ω represents the market carbon emission price;
eNCG,i is the carbon emission intensity per unit power of unit
i; PNCG,i is the corresponding active output of the unit i.

The power purchase cost CNE can be set to a constant.

(2) The lower level model is mainly the new energy
power generation cost model. The cost mainly
includes the generation maintenance cost and power
abandonment loss of new energy generator units.
The loss caused by grid connection and power aban-
donment is taken as the reference objective function
of power grid planning

C2 = CNG + CNQ: ð15Þ

The CNG calculation model of new energy power gener-
ation maintenance cost is

CNG = 〠
T

t=1
cNG 〠

H

h=1
Ph,t

" #
Δt, ð16Þ

where cNG is the unit power generation maintenance
cost, respectively; Ph,t is the actual active output of the new
energy power generator set h for period t; T is the total num-
ber of time periods in the whole year.

The CNQ calculation model of power loss cost is

CNQ = 〠
T

t=1
cNQ 〠

H

h=1
Ph,t − Ph0,tð Þ

" #
Δt, ð17Þ

where cNQ is the unit loss cost; Ph0,t is the planned active
output of unit h for period t; T is the total number of time
periods in the whole year.

(3) For the above two-layer model, the following con-
straints are proposed in this paper
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Figure 4: IEEE-39 bus power system.

Table 1: Characteristic parameters.

Generation
type

Investment
cost (¥/kW)

Operation
cost

(¥/MWh)

Fuel cost
(¥/MWh)

Carbon
emissions (t/

MWh)

Wind power 8750 55 0 0

Solar energy 7850 75 0 0

Hydropower 25920 15 0 0

Nuclear
power

17450 10 4 0

Gas 2990 35 100 0.75
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The power balance constraint formula is

Pt = Atθt , ð18Þ

where Pt refers to the injected power vector of the node
in period t; At refers to the admittance matrix of nodes in
period t; θt refers to the phase angle vector of node voltage
in period t.

The branch power flow constraint formula is

Pd,t
�� �� ≤ Pd,max, ð19Þ

where Pd,t refers to the active power flow of branch d in
period t; Pd,max is the upper limit value of branch d in period
t.

The output constraint of generator set is

PNCG,min ≤ PNCG,i ≤ PNCG,max, ð20Þ

where PNCG,i refers to the corresponding active output of
the unit i; PNCG,min refers to the lower limit of active output
corresponding to the unit i; PNCG,max is the upper limit of
active output corresponding to the unit i.
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Figure 5: Output curve of new energy unit.

Table 2: Optimal planning schemes under different methods.

Method New line (i⟶ j) New green energy node and its unit capacity (MW)

The proposed method 21→ 27, 22→ 19, 17→ 26, 14→ 3, 5→ 8, 4→ 8, 2→ 8 22 (30), 21 (55), 17 (25), 14 (35), 5 (25), 4 (25)

Reference [21] 24→ 15, 24→ 14, 23→ 19, 14→ 2 24 (35), 23 (15), 18 (35), 14 (40), 5 (20)

Reference [22] 21→ 27, 16→ 3, 14→ 2, 11→ 3 21 (35), 16 (45), 14 (25), 11 (20)

Reference [24] 26→ 18, 17→ 4, 14→ 19 26 (20), 17 (35), 14 (25)
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(4) Multiobjective programming model

The hierarchical multiobjective planning model is as fol-
lows:

min C1 = CNCG + CNL + CLS + CNC + CNE,
min C2 = CNG + CNQ:

(
ð21Þ

Further, rewrite as

L −min
s∈S

FvCv sð Þ½ �Ls=1, ð22Þ

where CvðsÞðv = 1,⋯, LÞ is the objective function; Fvðv
= 1,⋯, LÞ is used to mark that the objective function is at
the v priority level; meanwhile, Fv ≥ Fv+1ðv = 1,⋯, LÞ indi-
cates that level 5 takes precedence over level v + 1; s ∈ S repre-
sents a set of constraints; L −min

s∈S
represents the minimization

condition, that is, the minimization analysis and calculation
are carried out in the order of F1, F2,⋯, FL.

The characteristic of hierarchical multiobjective optimi-
zation model is that each goal in the model does not have
the same priority in the whole model and has targeted prior-
ity levels, and only one goal is considered in each level.

3.3.2. Construction of Mathematical Model Based on
Improved Cat Swarm Optimization Algorithm. The essence
of power grid multiobjective optimization algorithm is to
obtain the equilibrium solution of double-layer function at
the same time. The optimization of the model can be real-
ized by means of intelligent algorithms such as genetic algo-
rithm and CSO algorithm [26–28]. The CSO algorithm can
be updated by cats in different modes according to the cor-
responding speed and position formulas. Through the con-
tinuous updating of the global optimal value and local
optimal value, the optimal solution of the problem to be
solved is finally obtained [29].

The speed and position update formula of the cat in the
iterative process is

Vi+1
j,k =Vi

j,k + α × β × Gi
best −Vi

j,k

� �
, ð23Þ

Gi+1
j,k =Gi

j,k +Vi+1
j,k , ð24Þ

where Vi+1
j,k represents the updated velocity component

of the j-th cat in the k dimensional space; α is a constant;
Gi
best represents the global optimal solution after the i-th iter-

ation; β is the random number between ½0, 1�; Gi+1
j,k repre-

sents the updated position component of the j-th cat in the
k dimensional space; i is the number of iterations.

However, it should be noted that when solving the prob-
lem based on CSO algorithm, the cats in tracking mode can
be randomly distributed at any position in the search space,
which has the problem of local optimization.

Aiming at solving this problem, the quantum mechanical
model is combined with the CSO algorithm to optimize the
individual position in the cat population by using the charac-
teristics of quantum. In the quantization process, the cat in the
tracking mode takes the individual optimal position and the
global optimal position as the goal and updates the cat’s posi-
tion by constantly moving in the delta potential well.

The proposed
method
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Figure 6: Grid connection of new energy under different methods.

Table 3: Analysis of economic and environmental indicators of
different planning methods.

Method
Carbon emissions

(t/MWh)
Total construction cost

(100 million ¥)

The proposed
method

2.28 0.23

Reference [21] 3.12 0.73

Reference [22] 4.85 1.23

Reference [24] 5.81 0.43
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Quantum mechanics is an important branch of physics
in the field of micro matter. It is not only an important part
of the four mechanics of physics but also widely used in
other disciplines [30]. The quantum in the algorithm has
the characteristics that individuals in other algorithms do
not have: noncloning, superposition, entanglement, and col-
lapse. Due to the randomness of the speed and position of
cats in the delta potential well, cats in the tracking mode
can be randomly distributed at any position in the search
space in the iterative process of cat group optimization,
which improves the ability to get rid of local optimal points.
The update expression of individual position in quantum
space is

Gi+1
j,k =Di

j,k + dci Mi
k −Gi

j,k

��� ��� ln y−11
� �

, ð25Þ

Di+1
j,k = y2H

i
j,k + 1 − y2ð ÞWt

k, ð26Þ

qi = q1 − q1 − q2ð Þ i
im

, ð27Þ

b =
−1 y3 ≤ 0:5,
1 y3 > 0:5,

(
ð28Þ

Oi
1,Oi

2,⋯,Oi
k

� �
= 1
n

〠
n

j=1
Hi

j,1, 〠
n

j=1
Hi

j,2,⋯, 〠
n

j=1
Hi

j,k

 !
,

ð29Þ
where Gi+1

j,k represents the updated position component
of the j-th cat in k dimensional space; i is the number of iter-
ations; qi is the expansion compression factor of the i-th iter-
ation; Oi

k is the optimal location center of the population in
the k dimensional space of the i-th iteration; y1, y2, and y3
are random numbers of ½0, 1�; Hi

j,k is the historical optimal
position component of individual j in i-th iteration k dimen-
sional space; q1 and q2 are the initial and end values of
expansion compression factors, respectively. In this paper,
q1 = 1:25 and q2 = 0:62; n is the population number; im is
the maximum number of traces.

Aiming to ensuring the optimal performance of full cycle
optimization, through the research and analysis of chaos, it
is used to improve the update steps of the algorithm based
on this. Therefore, on the basis of quantum optimization cat
swarm algorithm, by introducing tent mapping and using its
randomness and ergodicity, CSO algorithm can avoid prema-
ture. The individual position update expression for each cat is

gi+1
j,k =

2gij,k 0 ≤ gi
j,k ≤ 0:5,

2 1 − gij,k
� �

0:5 ≤ gij,k ≤ 1,

8<
: ð30Þ

where gij,k ∈ ½0, 1�, and the mutual mapping transforma-

tion of chaotic vector Ogi
j,k ∈ ½a, b� can be realized based on

the following formula.

gij,k =
Ogij,k − 1
b − a

==
a + gi

j,k b − að Þ − 1
b − a

: ð31Þ

Although the combination of quantum mechanics and
chaotic mapping theory and algorithm can balance the global
and local search ability. However, the fixed mixing rate will
weaken its balance effect in the early or late stage of the algo-
rithm, so that the local and global search ability cannot achieve
satisfactory results.

According to equation (30), this paper improves the
value method of the mixing rate. The value of the mixing
rate gradually decreases with the increase of the number of
iterations, so that the number of individuals in the search
mode can gradually increase with the increase of the number
of iterations.

ηi = ηmax αð Þ1+i/im−cos i/imð Þ, ð32Þ

where ηmax is the maximum value of mixing rate; α is a
fixed constant; i is the number of iterations; im is the maxi-
mum number of traces.

In the search mode of quantum chaotic cat swarm algo-
rithm, the individuals with different fitness values have the
same amount of variation, which makes the algorithm can-
not make full use of the individuals with optimal fitness
values in the search of local optimal values, thus, reducing
the accuracy of local optimal solutions. As the number of
individuals in the mutation pattern changes, the more the
algorithm can adapt to the global variation, and the better
the algorithm can adapt to the change of the number of indi-
viduals in the mutation pattern. The formula for copying an
individual is

ζj = 1 −
fitness j

∑j=1fitness j

�����
�����

" #
× ζsum, ð33Þ

where ζj is the number of replicates of cat j; ζsum is the
total number of replicates in the memory pool; fitness j is
the fitness value of cat j.

Figure 3 is the flow chart of low-carbon power grid col-
laborative planning method using quantum chaotic cat
swarm algorithm proposed in this paper.

4. Experiment and Analysis

The simulation experiments all run in the same environ-
ment. The CPU processor is Intel (R) core (TM) i5-5200u
and the fuselage memory is 12.0GB. The simulation experi-
ment and verification analysis are completed by MATLAB
software.

4.1. Experimental Background and Parameters. IEEE 39
node is used as an example to realize the optimization exper-
imental analysis. The simulation experimental system dia-
gram is shown in Figure 4. There are 39 independent
nodes in the system, of which 17 nodes have the installation
conditions of renewable energy power supply. The IEEE 39
node standard example includes 39 terminal nodes (10
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generator nodes, 21 load nodes, and 12 transformer nodes)
and 46 power lines, of which 17 nodes have the installation
conditions of renewable energy power supply.

The purpose of model optimization is to ensure the
coordination and consistency between power supply and
power grid planning and finally realize the low-carbon sus-
tainable operation of power grid.

The unit operation characteristic parameters of various
power generationmodes are shown in Table 1. There is no dif-
ference in the parameters of the same type of unit set by each
generator. The maximum capacity of reallowed to be con-
nected to each node is 85MW, and the allowable fluctuation
range of node voltage is ±5%. Where the transmission price
is 0.43 yuan/kWh and the carbon trading price is 50 yuan/ton.

For more intuitive expression, the fan output curve and
photovoltaic power generation output curve are given, as
shown in Figure 5.

4.2. Comparison of Different Optimization Objectives in Low
Carbon Environment. Aiming to comprehensively evaluate
the clean and low-carbon characteristics, this paper further
introduces two evaluation indexes such as green energy pen-
etration γ and utilization efficiency η [31, 32]. Penetration
efficiency γ refers to the proportion of the total power gener-
ation of green energy in the total power consumption of sys-
tem load in the planning period, which represents the
comprehensive utilization capacity of the system for renew-
able energy; utilization efficiency η refers to the ratio of the
actual power generation of green energy to the maximum
available power supply under natural conditions.

In this paper, reference [21], reference [22], and refer-
ence [24] are used as comparative methods to verify the
optimality of the proposed method.

Table 2 shows the optimal planning schemes for IEEE 39
bus system under different analysis methods and describes
the planned lines and deployment of new energy units
accordingly.

Figure 6 shows the grid connection of new energy under
different planning methods.

It can be seen fromTable 2 and Figure 6 that the grid plan-
ning algorithm proposed can achieve efficient calculation and
analysis of new energy grid connection. After planning, the
green energy penetration γ and utilization efficiency η are
98.56% and 98.72%, respectively; the planning effect of the
comparison method is obviously poor. The green energy per-
meability and utilization efficiency after planning in reference
[24] are 93.54% and 94.23%, which are 5.02% and 4.49% lower
than the results of the proposed algorithm.

The reason is that the algorithm proposed adopts the
way of cloud edge cooperation to model and analyze the
whole cycle of power grid construction carbon emission on
the edge side, which makes the solution model more reliable
and complete; in the cloud, CSO algorithm is improved
based on quantum chaos algorithm to improve the process-
ing and analysis efficiency of the planning model.

Furthermore, this paper also makes a quantitative analy-
sis on the carbon emissions and construction costs of the
results of different planning methods. Table 3 shows the
comparison of the two indicators.

As shown in Table 3, the proposed planning method can
achieve better carbon emission at lower construction cost,
and the construction cost and carbon emission are 23 million
yuan and 2.28 t/MWh, respectively; Compared with reference
[21], the construction cost and carbon emission are optimized
by about 50 million yuan and 0.84 t/MWh, respectively.

5. Conclusion

In order to support the power grid to realize low-carbon and
stable operation, a power grid low-carbon planning method
using improved CSO algorithm is proposed. Relying on the
cloud side collaborative computing mode, this method inte-
grates the carbon emission characteristics into the grid plan-
ning model on the edge side and effectively solves the low-
carbon scale of power grid based on the improved CSO algo-
rithm based on quantum chaos algorithm in the cloud, so as
to avoid the model solution falling into a suboptimal solu-
tion. The simulation results show that the proposed collabo-
rative planning method can achieve a more reliable and
green power grid operation state under the condition of
low construction cost.

The exploration and construction of carbon trading
market have gradually become the focus of power market.
The future research direction is to further consider the ele-
ments of low-carbon power market in the traditional plan-
ning model, and then establish a relatively complete new
power system planning model.
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