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Abstract. During the heating season in my country's Three Norths, the operation mode of "using heat to 
determine electricity" for cogeneration units has made the "wind curtailment rate" high. Electricity storage 
and heat storage are both important ways to solve this problem. In order to determine the optimal power and 
capacity of heat storage and power storage devices, this paper proposes a two-layer optimization model that 
considers the economic benefits of the entire system and the life of the power storage device is affected by its 
operation. Comsidering the iterative life of the power storage device, the optimal solution for the power, 
capacity and location of the heat storage and power storage device is obtained by using the particle swarm 
algorithm. Finally, the actual data of the IEEE classic 33-node system verifies the effectiveness of the 
proposed method. 

1 Introduction 

Making full use of renewable energy such as wind power 
and photovoltaics is the basic strategy of my country's 
energy development[1]. For a long time, the State Grid 
Electric Power Company has provided comprehensive 
services for the access and consumption of renewable 
energy from grid planning, grid construction, dispatch 
operation and market transactions, which has enabled my 
country's renewable energy to achieve leapfrog 
development[2]. The installed capacity of wind power and 
photovoltaics ranks first in the world. With the rapid 
development of renewable energy, wind power and 
photovoltaics, due to their inherent randomness and 
volatility, make the consumption of wind power and 
photovoltaics increasingly serious, which obviously 
restricts the further development of renewable energy[3]. 
Especially in the heating season in my country's "Three 
Norths" area, in order to meet the heating demand, the 
cogeneration units work in the "fixed electricity by heat" 
mode, which significantly reduces the flexibility of the 
system, resulting in a large number of "abandonment of 
wind and energy[4]". 

At present, there have been many studies on new 
energy generation and consumption solutions. Literature 
[5] shows that adding heat storage devices in thermal 
power plants and effectively increasing the absorption 
capacity of new energy in the integrated energy system. 
The configuration of power storage devices is an effective 
means to improve the flexibility of the power system, and 
it will obviously also have a positive impact on the 
consumption of new energy in the system. Although 
multiple forms of energy storage improve the new energy 
consumption capacity of the integrated thermoelectric 

system, it also increases the initial investment cost of the 
system. Therefore, how to optimize the distribution of the 
power and capacity and location of each energy storage 
device and consider the economic indicators of the system 
to solve the problem of new energy consumption has 
become a current research hotspot. 

Literature [6] proposed a heat storage optimization 
configuration method for improving the level of 
intermittent energy consumption with the lowest 
operating cost and equipment cost as the optimization 
goal. There are also studies abroad that show that the 
configuration of electric boilers in the power system can 
improve the capacity of wind power[7]. Large-scale energy 
storage systems can stabilize wind power volatility and 
improve the power quality of wind power connected to the 
grid[8], while weakening the peak-to-valley contradiction 
between wind power, electrical load and thermal load[9]. 
Literature [10] configures the power and capacity of heat 
storage and electricity storage devices at the same time for 
the system with point-to-gas conversion, so that the 
system can achieve the economical optimum. However, 
this paper fails to consider the influence of the depth of 
discharge and the number of discharges on the life of the 
electricity storage device.  Reference [11] uses the particle 
swarm algorithm to obtain the optimal configuration 
results of the energy storage device capacity and power 
when considering the life loss of the power storage device. 
Using the particle swarm algorithm to solve the bi-level 
programming problem has fast convergence speed and 
high efficiency. Simple advantages, but this article fails to 
consider the impact of different energy storage device 
configuration addresses on the system power flow. 
Moreover, the above research methods default to the fixed 
value of the configuration cost of energy storage unit 
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power and capacity, which is inconsistent with the fact 
that the configuration cost will also change according to 
the land price of the energy storage location in practice. 

In this paper, we study the above problems and 
propose an economical optimization configuration 
method for heat storage capacity and power, and capacity, 
power, and location of power storage devices. This 
method also considers the impact of the life of the power 
storage device along with the operation of the power 
storage device. And the impact of the configuration cost 
of the energy storage device with the change of the 
configuration location. The two-level programming 
model of the electric and heating integrated energy system 
is established, and the optimal configuration scheme is 
calculated by the particle swarm algorithm. Finally, 
through the simulation analysis of the IEEE classic 33-bus 
system, the effectiveness of the method is verified, and it 
has guiding significance for the configuration of various 
energy storage devices in the actual system. 

2 Changes of electric heating 
characteristics before and after heat 
storage devices in cogeneration units 

2.1 Electric heating characteristics of the 
extraction steam unit without heat storage 

The correlation and coupling relationship between the 
generation power of the cogeneration unit(pୣ୪) and the 
external heating power( p୦ ) is generally called the 
"electric heating characteristic", which can well reflect the 
external operating characteristics of the cogeneration unit, 
so it is an important part of the analysis of the flexible 
operation capability of the cogeneration unit. An effective 
way. Before configuring the heat storage device, the 
electrothermal characteristic diagram of the cogeneration 
unit is shown in Figure 1 below. 

 

Figure 1. Electric heating characteristics of the extraction 
steam unit without heat storage 

c୴ଵ is the value of c୴ corresponding to the maximum 
electric output, c୴ଶ is the value of c୴ corresponding to the 
minimum electric output, where c୴  is the reduction in 
power generation under the condition of the same amount 
of steam extracted and the unit heating heat is extracted; 
c୫ is the value of the back pressure operation The 
coefficient of elasticity of electric power and thermal 
power (that is, the slope of the back pressure curve, which 
can be approximated as a constant); h଴  is a constant; 

h୘,୫ୟ୶ is the maximum heating power of the extraction 
steam unit; h୫ୣୢ is the heat supply of the steam turbine 
when the generating power of the unit is minimum Power; 
P୫ୟ୶  and p୫୧୬  are the maximum and minimum power 
generation of the extraction steam generator under pure 
condensing conditions. 

It can be seen from the operating interval shown in 
Figure 1 that under a given thermal load, the power 
generation has a certain degree of adjustability. For 
example, under the heating power h, the power generation 
can be adjusted between P୉ - P୊ , but The greater the 
thermal power, the smaller the adjustable range of the 
electrical power. This is because, under a given amount of 
steam extraction, this type of unit can adjust the electric 
power output of the entire steam turbine by adjusting the 
amount of steam for condensing power generation, but the 
larger the amount of extraction steam, the greater the 
proportion of steam that can be used for adjustment Less, 
so the adjustment range is smaller. 

2.2 Electric heating characteristics of the 
extraction steam unit with heat storage 

After the extraction steam generator is equipped with a 
thermal storage tank, its electric heating characteristics 
will also change. Suppose the design maximum heat 
storage and heat release power of the heat storage tank are 
hୡ୫ୟ୶  and h୤୫ୟ୶ , respectively. For a certain power 
generation power, the heat is released through the heat 
storage tank, and the maximum heating power h of the 
whole (steam turbine and heat storage tank) will be on the 
original basis. Increase h୤୫ୟ୶ upward, which is equivalent 
to that the AB and BC segments in Figure 1 are shifted to 
the right by h୤୫ୟ୶ as a whole, as shown in Figure 2. In 
addition, when the power generation power of the steam 
turbine is between p୫୧୬-Pୡ  there is a minimum heating 
power (section CD in Figure 1). After the heat storage is 
configured, the minimum heating power will shift to the 
left by hୡ୫ୟ୶. Therefore, as shown in Figure 2,the overall 
operating range of the extraction steam generator with 
heat storage is enclosed AGIJKLA. 

  
Figure 2. Electric heating characteristics of the extraction 

steam unit with heat storage 
It can be seen that for a certain heating level h, before 

the heat storage is configured, the power generation of the 
cogeneration unit can only be adjusted between P୉-P୊ and 
after the heat storage is configured, the power generation 
of the steam turbine can be allowed to be between P୑-Pୌ. 
As a result, the insufficient heat supply of the steam 
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turbine or the remaining part of the heat supply is 
compensated by heat storage to maintain the stability of 
the total heating power, thereby improving the peak 
regulation capacity of the cogeneration unit. 

3 Decision variables 

3.1. Capacity and power of heat storage device 

From the principle of changing the peak-shaving capacity 
of the cogeneration unit by the heat storage device, it can 
be known that by increasing the power of the heat storage 
device, the original operating range translation range in 
the thermoelectric characteristic diagram becomes larger, 
so the operating range of the cogeneration unit becomes 
larger. The power generation power adjustment range of 
the steam turbine is allowed to be further increased. 
Therefore, the power change of the heat storage device 
will change the power output range of the cogeneration 
unit, thereby affecting the new energy consumption 
capacity of the system. If the capacity of the heat storage 
device is too small, the heat storage capacity of the heat 
storage device is limited, and the impact on the system is 
very small; if the capacity is too large, the heat storage 
will always be insufficient, and the capacity of the heat 
storage device is related to the initial investment of the 
heat storage device Cost is related and will cause waste. 
Therefore, it is necessary to optimize the capacity and 
power of the heat storage device to increase the system's 
new energy consumption when the investment cost is 
appropriate. Due to poor thermal conductivity, heat 
storage devices are generally directly configured in 
thermal power plants to adjust the thermoelectric 
characteristics of cogeneration units. 

3.2 Power storage device capacity, power and 
configuration location 

Configuring the storage device in the system can directly 
change the power output range of conventional thermal 
power units and cogeneration units through the charging 
and discharging of the storage device. By reasonably 
controlling the charging and discharging process of the 
storage device, it can provide space for the consumption 
of new energy. The increased power of the power storage 
device can store and release more electric energy in a 
short time, so the electric output adjustment range of the 
unit will increase accordingly, and the system will have a 
stronger ability to absorb new energy. Like the heat 
storage device, the energy storage device also needs an 
appropriate power storage capacity to function, so it is 
necessary to optimize the capacity and power of the power 
storage device. While optimizing the capacity and power 
of the power storage device, the configuration address of 
the power storage device will also have a certain impact. 
The electric energy conduction ability is strong, and the 
transmission is completed almost in an instant, which 
makes the configuration address of the power storage 
device very flexible. On the one hand, the configuration 
address of power storage will change the power flow of 
the entire system, and the change of configuration 

location may cause the power flowing through a branch to 
exceed its operating limit. On the other hand, the land 
price of different addresses will also significantly change 
the power storage. The initial investment cost of the 
device. So it is necessary to optimize the addressing of the 
storage device. 

4 Objective function 

4.1.  Upper-level planning objective function 

The objective function of the Upper-level planning is： 

F ൌ ෍ 𝑇௦௜𝐶௦,௜ ൅ ෍ 𝐶௛,௜ ൅ 𝐶௤௙ ൅ 𝐶௬ 

Among the formule, 𝑇௦௜  is a variable of 0, 1, and 1 
means that a power storage device is installed at node i, 
and 0 means that no power storage device is installed at 
node i. Cୱ,୧ , 𝐶௛,௜ are the initial investment costs of 
electricity and heat storage devices, 𝐶௤௙ is the penalty cost 
of wind abandonment, and 𝐶௬  is the cost of the system 
during operation. 

Cୱ,୧ can be obtained by the following formula: 
Cୱ,୧ ൌ ൫𝐾ா,௜ ∗ 𝑆௠௔௫,௜ ൅ 𝐾௉,௜ ∗ 𝑃௦,௜൯

∗
𝑟଴ ∗ ሺ1 ൅ 𝑟଴ሻ௒ೞ

365 ∗ ሾሺ1 ൅ 𝑟଴ሻ௒ೞ െ 1ሿ
൅ K୛ ∗ Pୱ,୧ 

Among the formula, 𝑆௠௔௫,௜, 𝑃௦,௜  are the capacity and 
power of the power storage device at node i, respectively, 
and 𝐾ா,௜, 𝐾௉,௜ are the storage The cost coefficient of the 
capacity and power of the electric device at node i varies 
with the location of the node and is related to the land 
price of the node. 𝑌௦ is the life of the storage device, and 
𝑟଴ is the annual interest rate of the storage device. K୛ is 
the maintenance cost per day for each power storage. 

𝐶௛,௜ can be obtained by the following formula 

C୦,୧ ൌ ൫𝐾௘,௜ ∗ 𝐸௛,௜ ൅ 𝐾௣,௜ ∗ 𝑃௛,௜൯ ∗
𝑟ଵ ∗ ሺ1 ൅ 𝑟ଵሻ௒೓

365 ∗ ሾሺ1 ൅ 𝑟ଵሻ௒೓ െ 1ሿ
൅ K୵ ∗ P୦,୧ 

Among the formula, from the working principle of the 
heat storage device, the heat storage device mainly works 
with the cogeneration unit, so the heat storage device is 
mainly configured in the thermal power plant. 𝐸௛,௜, 𝑃௛,௜ 
are the capacity and power of the thermal power plant 
configured at node i for the heat storage device, 𝐾௘,௜, 𝐾௣,௜ 
are the storage The cost coefficient of the capacity and 
power of the thermal device is related to the location of 
the thermal power plant. 𝑌௛ is the life of the storage device, 
and 𝑟ଵ is the annual interest rate of the storage device. K୵ 
is the daily maintenance cost of each power heat storage 
device. 

𝐶௤௙ can be obtained by the following formula 
C୯୤ ൌ 𝐾௤௙ ∗ ሺ𝑃௙௢௥ െ 𝑃௪ሻ 

Among the formula, 𝐾௤௙  is the penalty factor 
corresponding to each unit of air curtailment, 𝑃௙௢௥ is the 
predicted value of system wind power output, and 𝑃௪ is 
the total output of wind power. 

It represents the cost of coal consumption incurred 
during the operation of the units in the system, which 
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mainly includes two parts: general thermal power units 
and cogeneration units. 

𝐶௬ represents the cost of coal consumption generated 
during the operation of the units in the system, which 
mainly includes two parts: general thermal power units 
and cogeneration units. 

𝐶௬ ൌ ෍ 𝐶௖ሺ𝑖, 𝑡ሻ ൅ ෍ 𝐶௘ሺ𝑖, 𝑡ሻ 

𝐶௖ሺ𝑖, 𝑡ሻ is the cost of coal consumed by the thermal 
power unit at node i at time t, and 𝐶௘ሺ𝑖, 𝑡ሻ is the cost of 
coal consumed by the cogeneration unit at node i at time 
t. 𝐶௖ሺ𝑖, 𝑡ሻ can be expressed as the quadratic function of 
electric output 𝑝௘௟

௧  at time t, 𝐶௘ሺ𝑖, 𝑡ሻ can be expressed as 
the quadratic function of electric output 𝑝௘௟

௧ and heat pawer 
𝑃௛

௧ at time t: 

𝐶௖ሺ𝑖, 𝑡ሻ ൌ 𝑎௜൫𝑝௘௟,௜
௧ ൯

ଶ
൅ 𝑏௜𝑝௘௟,௜

௧ ൅ 𝑐௜ 
𝑝௘௟,௜

௧  is the electric output of the thermal power unit at 
node i at time t. 

𝐶௘ሺ𝑖, 𝑡ሻ ൌ 𝐴௜൫𝑝௘௟,௜
௧ ൯

ଶ
൅ 𝐵௜𝑝௘௟,௜

௧ ൅ 𝐶௜𝑃௛,௜
௧ 𝑃௘௟,௜

௧ ൅ 𝐷௜൫𝑝௛,௜
௧ ൯

ଶ

൅ 𝐸௜𝑝௛,௜
௧ ൅ 𝐹௜ 

𝑝௘௟,௜
௧  is the electricity output of the cogeneration unit at 

node i at time t, 𝑝௛,௜
௧  is the heat output of the cogeneration 

node i unit at time t. 

4.2.  Lower-level planning objective function 

The objective function of Lower-level planning is:  
F ൌ 𝐶௤௙ ൅ 𝐶௬  

The lower-level planning is the operation planning of 
the entire system, and the objective function of the lower-
level planning is the total cost of the system during 
operation, including the cost of abandonment penalty and 
the cost of coal consumption during the operation. 

5 Restrictions 

5.1.  Upper-level planning constraints 

The upper level planning is an unconstrained planning, 
which mainly gives the relationship between the initial 
investment cost and the decision variables. 

5.2.  Lower-level planning constraints 

DC power flow constraints: 

෍ 𝑇௝௞
௜ ሺ𝑃௘௟,௜

௧ ൅ 𝑃௪,௜
௧ ൅ 𝑃ௗ

௧ െ 𝑃௖
௧ሻ ൌ 𝑃஽,௝௞

௧

௜

 

Among the formula, 𝑃௪,௜
௧  is the wind power injection 

power of node i at time t, 𝑃ௗ
௧ is the discharge power of the 

power storage device at time t, 𝑃௖
௧ is the charge power of 

the power storage device at time t, 𝑇௝௞
௜  is the transfer factor 

between the active power flow of branch l୨୩  and the 
injected power of node i, and 𝑃஽,௝௞

௧  is the active power of 
branch l୨୩ at time t.  

Upper limit constraint on active power of branch 
transmission: 

0 ൑ 𝑃஽,௝௞
௧ ൑ 𝑃௝௞,௠௔௫ 

Where 𝑃௝௞,௠௔௫  is the upper limit of active power 
transmission of branch l୨୩. 

Unit climbing rate constraint: 
 𝑃௥௔௠,௜,௠௜௡ ൑ 𝑃௜

௧ െ 𝑃௜
௧ି௜ ൑ 𝑃௥௔௠,௜,௠௔௫ 

𝑃௥௔௠,௜,௠௔௫ is the upper limit of the thermal output of 
the unit at node i,  𝑃௥௔௠,௜,௠௜௡  is the lower limit of the 
thermal output of the unit at node i. 

Cogeneration unit output upper and lower limits: 
𝑚𝑎𝑥൛𝑐௠,௜𝑃௛,௜

௧ ൅ 𝐾௜, 𝑃௘௜,௠௜௡,௜ െ 𝑐௩,௜𝑃௛,௜
௧ ൟ ൑ 𝑃௘௟,௜

௧

൑ 𝑃௘௟,௠௔௫,௜ െ 𝑐௩,௜𝑃௛,௜
௧  

𝑃௘௟,௜
௧ ，𝑃௛,௜

௧  are the electricity output and heat output of 
the cogeneration unit at node i at time t, 𝑃௘௜,௠௜௡,௜ ，
𝑃௘௟,௠௔௫,௜ respectively represent the upper and lower limits 
of electric output under pure condensation conditions. 

Heat storage and heat release power constraints: 
െP୦ ൑ 𝑆௛,௞

௧ െ 𝑆௛,௞
௧ିଵ ൑ 𝑃௛ 

Capacity constraints of heat storage devices: 
S୦,୩

୲ ൑ E୦ 
The battery energy storage model is as follows: 

0 ൑ Pେ ൑ Pୱ 
0 ൑ Pୈ ൑ Pୱ 

0 ൑ SOC୲ ൑ Eୱ 

SOC୲ାଵ െ SOC୲ ൌ ∆tሺPେ ൈ kେ െ
Pୈ

kୈ
ሻ 

𝑃஼, 𝑃஽, 𝑆𝑂𝐶, 𝑃௠௔௫, 𝑆௠௔௫, 𝑘஼, 𝑘஽  are charging power, 
discharging power, storage power, maximum power, 
maximum power, charging efficiency, and discharging 
efficiency. 

The heat storage remains unchanged before and after 
a cycle: 

S୦,୩
଴ ൌ S୦,୩

୘  
Maximum number of power storage devices: 

0 ൑ 𝑇௦௜ ൑ Tଵ 

6 Life loss model of power storage 
device 

This paper takes lithium batteries as the main research 
object. The working life of lithium batteries is a direct 
reflection of the capacity loss during the charge and 
discharge cycle. The factors affecting the battery working 
life include ambient temperature, peak charge current, 
depth of discharge, number of charge and discharge 
cycles, etc. Literature [12] have shown that the working 
life of a battery is closely related to its working mode. The 
depth of discharge is the most critical factor affecting the 
maximum number of cycles of the battery. The total 
electrical energy that can be released at a specific depth of 
discharge is certain, which is called effective discharge 
The total number of cycles of a lithium battery at a 
specific depth of discharge is constant. The greater the 
depth of discharge, the fewer the number of cycles of the 
battery and the shorter the working life of the 
corresponding battery. The relationship between the total 
number of cycles and the depth of charge and discharge 
of the lithium battery at the charge-discharge depth d is as 
follows: 

Nୢ
୤ୟ୧୪ ൌ Nଵ଴଴

୤ୟ୧୪ dି୩౦ 
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Nଵ଴଴
୤ୟ୧୪  refers to the total number of charge and 

discharge times when the charge-discharge depth is 100%, 
 k୮  is the exponential coefficient of the cycle life of 
different types of energy storage batteries, and the value 
is generally provided by the battery manufacturer based 
on the experimental test results. For the charge-discharge 
cycle process of a certain discharge depth d, it can be 
equivalent to the number of cycles at 100% charge-
discharge depth. The conversion formula is as follows：
Nୣ୯ ൌ Dୢd୩౦ 

In the formula: Nୣ୯  refers to the number of cycles 
equivalent to 100% charge and discharge depth, and Dୢ is 
the number of cycles under charge and discharge depth d. 
According to the actual state of charge (soc) curve of the 
battery during the study period, the raindrop counting 
method is used to count and extract each actual cycle 
period and the corresponding discharge depth d in each 
cycle period. 

7 Typical day selection 

The typical day selection of the load curve in this paper is 
mainly divided into 8 categories. Since the load is quite 
different between the midweek and the weekend, it 
mainly includes the midweek and weekend of the four 
seasons of spring, summer, autumn and winter. The new 
energy power generation forecast value curve is divided 
into 4 categories, mainly The four seasons of spring, 
summer, autumn and winter are selected as the initial 
value of output. So there are 8 types of typical days in this 
article. Including the midweek and weekends under the 
four seasons of summer, autumn and winter, while 
considering the respective characteristics of the two types 
of curves. 

8 Algorithm flow for optimal 
configuration of electricity and heat 
storage devices 

This article mainly considers lithium batteries and thermal 
storage tanks as the main electricity and heat storage 
devices. The life of the lithium battery is affected by the 
depth of discharge of its work. It can be seen from the 
objective function expression that the initial investment 
cost of the battery varies with The change is caused by the 
change in battery life. The change is a change in the 
exponential relationship rather than a change in the linear 
relationship, which brings great trouble to the calculation. 
To address this issue, this article will adopt the battery life 
iteration method. The specific operation is to first give an 
initial battery life Y଴. After the battery life is determined, 
the initial cost is only proportional to the capacity and 
power of the power storage device. Regularize the 
problem to obtain the soc curve of the power storage 
device to determine the battery life Yୱ under the initial life 
Y଴. If the iteration condition is met, Yୱ is the actual life of 
the battery. If the condition is not met, Y_s is taken as the 
new battery initial life Y଴, Repeat the above steps to know 
the proper battery life Y. Regarding the life of the heat 
storage device, because the life of the heat storage device 

is relatively stable, it is generally directly regarded as an 
invariant. The specific configuration program steps are as 
follows: 

Step 1. Use the K-means clustering algorithm to 
cluster the new energy output curves and daily load curves 
throughout the year, and obtain 8 types of typical wind 
power output curves and typical daily load curves in the 
four seasons of spring, summer, autumn and winter, as our 
planning Scene set.  

Step 2. Set the initial life of the storage device Y଴. 
Step 3. Use the particle swarm algorithm to solve the 

two-level programming problem to obtain the optimal 
configuration capacity and power of the electricity storage 
and heat storage device and the configuration location of 
the electricity storage device, and at the same time obtain 
the operating status of the electricity storage device 
through running simulation.  

Step 4. Obtain the depth of discharge and the number 
of discharges of the power storage device by the raindrop 
counting method, so as to calculate the actual life Yୱ of the 
power storage device under the initial life Y଴.  

Step 5. Verify whether the life of the power storage 
device meets the error requirement |Yୱ െ Y଴| ൏ 1%Y଴. If 
the requirement is not met, set Yୱ as the initial life of the 
energy storage, and go back to step 2. If the requirements 
are met, Yୱ is the battery life, and the result is the optimal 
configuration result. 

In order to fully consider the uncertain characteristics 
of new energy power generation and the impact of energy 
storage life, the idea based on the combination of planning 
and operation and the output data of 96 points a day of 
new energy is adopted to solve the objective function by 
an improved particle swarm algorithm. The update 
formula of particle velocity and position in the iterative 
process of the improved particle swarm algorithm is: 

v୧ୢ
୲ାଵ ൌ wv୧ୢ

୲ ൅ cଵrଵሺPୠ୧ୢ
୲ െ x୧ୢ

୲ ሻ ൅ cଶrଶሺGୢ
୲ െ x୧ୢ

୲ ሻ 
x୧ୢ

୲ାଵ ൌ x୧ୢ
୲ ൅ v୧ୢ

୲ାଵ 

w ൌ w୫ୟ୶ െ ሺw୫ୟ୶ െ w௠௜௡ሻ ∗
t

t୫ୟ୶
 

Where: v୧ୢ
୲ ， x୧ୢ

୲  are the velocity and position of 
particle i in the d dimension at time t; cଵ，cଶ are learning 
factors, which reflect the learning ability of each particle 
to two extreme values; ; rଵ，rଶ The value is a random 
number between [0, 1]; w is the weighting factor, w୫ୟ୶ is 
the upper limit of the weighting factor, w௠௜௡ is the lower 
limit of the weighting factor, and t୫ୟ୶ is the maximum 
number of iterations; t is the current number of iterations; 
Pୠ୧ୢ

୲  is the time t The best position that the particle i can 
find during the d-dimensional flight; Gୢ

୲  is the best 
position that all particles can find during the d-
dimensional flight at time t. 

9 Case analysis 

This paper is based on the existing standard IEEE33 node 
power distribution demonstration system. The system 
wiring diagram is shown in Figure 3. Some improvements 
are made on the given parameters. Nodes 10 and 31 are 
connected to a 500 kW and 1000 kW wind farm 
respectively. The nodes 21 and 24 are respectively 
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connected to a thermal power plant. In the calculation 
process, the charge/discharge efficiency of the energy 
storage system is 90%; the initial capacity of the SOC is 
20%, the lower limit is 10%, and the upper limit is 90%; 
the annual interest rate of energy storage is 4.9%, the 
annual maintenance cost coefficient, and 𝑆௠௔௫  is in the 
process of solving The optimization range is set to 0～
20%×wind power installed capacity, the optimization step 
length is 5MW, the P_s optimization range is set to battery 
type 0～200MWh, the optimization step length is 5MWh; 
the 𝐸௛  optimization range is set to 0～ 20%×minimum 
heat treatment force, optimization step length is 5MW, 
𝑃௛optimization range is set to 0～200MWh, optimization 
step length is 5MWh. The population size of the particle 
swarm in the optimization algorithm is 200; termination 
conditions: 1. The evolutionary algebra reaches 100 
generations; 2. The objective function value changes less 
than 0.05 for 50 consecutive generations. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

18 19 20 21

22 23 24

25 26 27 28 29 30 31 32

 
Figure 3: Standard IEEE33 node power distribution 

system 
This paper clusters wind farm output scenes and 

analyzes the results of k-means clustering. The output 
curve of each typical scene obtained through clustering is 
shown in Figure 4. At the same time, the probability of 
each scene in a year is shown in Table 1.  

 
Figure 4: Clustering results of wind farm output scenarios 

 
Table 1. Probability of typical scenarios in one year 

scenes Probability 

Typical day 1 17.6% 

Typical day 2 28.5% 

Typical day 3 33.4% 

Typical day 4 21.5% 

The optimal configuration scheme of energy storage 
obtained by the algorithm in this paper is: power storage 
device 1: capacity 80MW, power 20MWh, node 13; 

power storage device 2: capacity 55MW, power 15MWh, 
node 18; heat storage device 1: 45MW, 15MWh, node 21. 
Heat storage device 2: 50MW, 20MWh, node 24; 

Table 2. Simulation results 

 

witho
ut 

energ
y 

storag
e 

with heat 
storage 

with 
power 
storage 

Both with 
power and 

heat storage 

wind 
curtailm
ent rate 

11.4% 5.3% 4.3% 2.5% 

total 
planning 

and 
operatio

n 
cost/yua

n 

1.34*
108 1.13*108 1.30*108 9.68*107 

actual 
life of 
energy 
storage/

year 

0 0 

power 
storage1: 
10.24 
power 
storage2: 
12.21 

power 
storage 1：
11.56 
power 
storage 2：
13.42 

10 Summary  

(1) In order to improve the capacity of new energy 
consumption, this paper proposes an algorithm for 
optimizing the configuration of the capacity and power of 
the electricity storage and heat storage devices at the same 
time as well as the configuration location. The simulation 
analysis of the actual project is carried out to verify This 
algorithm improves the effectiveness of wind power 
consumption.  

(2) The algorithm fully considers that the life of the 
storage device is affected by the depth of discharge in the 
actual working process of the storage device, and uses an 
iterative algorithm to calculate the actual life of the 
storage device. 

(3) Through the simulation example, it can be known 
that after adding the electricity storage and heat storage 
devices, the total cost of the system is reduced, and the 
wind power capacity of the system has been 
correspondingly improved. 
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