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Abstract. The technological breakthrough of energy storage and the rapid decrease in cost make the
application prospect of energy storage in power system more and more extensive, and will play an
increasingly important role in the safe and efficient operation of power system. The optimal arrangement of
energy storage load operation is conducive to the maximization of economic profit on the grid side, which is
of great significance to the satisfaction of power demand of the distribution network.

1 Introduction

Energy storage is an indispensable part in the
construction of smart power grid and energy Internet.
Research on energy storage prediction is conducive to
promoting the consumption of energy storage and
meeting the power demand of the Internet of things. The
study of energy storage started early abroad. It is
necessary to store energy to strengthen the grid and
maintain load levels (H. Ibrahim,2007). Under the
energy storage classification, the battery energy storage

is more flexible to the load response of the power system.

At present, the battery energy storage power station can
give full play to its own function and gain benefits by
improving the current electricity price system abroad (S.
Bjarne,2013). In general, the existing research literature
has carried out valuable research on various aspects of
energy storage, which provides a theoretical basis for
this paper. However, there is still room for further
exploration in the prediction of energy storage load.

Based on battery energy storage, this paper studies
the energy storage load operation under the influence of
various factors such as electricity demand and electricity
price of power grid in spot market.

2 Energy Storage Load Operation
Prediction Model

The operation of energy storage load is affected by many
factors, and its charging and discharging state is not only
determined according to the energy demand of users, but
also flexibly adjusted according to the economic and
stability indexes of electricity consumption. The two
main factors that affect the charging and discharging
state of energy storage equipment are the electricity
demand and the difference of electricity price in each
period.
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Energy storage is related to electricity demand and price
of the power grid, and its operation is the result of
balanced factors. Firstly, there is a significant correlation
between electricity demand and time. When the off-peak
load is low, the energy storage device stores energy;
When the peak load is high, the stored electricity is
released to meet the demand of other loads. Therefore,
the operation of energy storage load is closely related to
the load demand. Secondly, under market conditions, the
price directly reflects the relationship between supply
and demand, guiding the operation of energy storage
load. When the electricity price is low, the energy
storage device can store energy; When the electricity
price is high, the energy storage device releases
electricity.

In addition, the energy storage load operation can
also play an important role in the auxiliary services of
the power grid, such as can participate in frequency
modulation, voltage regulation, standby, emergency
power supply, improve the power supply quality,
maintain the safety of the power grid, and so on.

In this paper, the prediction of battery energy storage
participating in electric energy spot market load
operation is divided into two stages: the first stage, based
on the market clearing price, combined with the
constraints of battery energy storage and storage
capacity and output, preliminarily arranges the energy
storage and discharge of energy storage; In the second
stage, the operation prediction model of energy storage
load is introduced to preliminarily determine the time set
of energy storage and discharge of battery energy storage
equipment, and the "loss factor" is introduced in the
energy storage period to finally determine the energy
storage and discharge capacity of each period and
optimize the operation of energy storage.

21 The first stage: preliminary operation
scheme of energy storage load
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In the electric energy spot market, battery energy storage
devices arrange energy storage and discharge plans, and
obtain benefits by making use of peak-valley price
differences. The cost is mainly the storage cost, and the
revenue is the electricity sales revenue.

In the process of battery energy storage and
discharge, there are two constraint conditions: energy
storage capacity constraint and output constraint.

It is assumed that the stored energy of battery energy
storage can be converted into equivalent electrical
energy. If the energy storage is 1kWh, 1kWh of
electrical energy can be sold in the power market. Then
the energy stored by the battery can be calculated within
the time period of T as shown in Equation (1) :
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Where, ¢ is the energy stored by the battery at
b
time ¢, ~ ¢ is the total amount of energy stored by the

b
battery at time t, and ¢ is the total amount of energy
stored by the battery at time ¢.
Due to the constraint of battery capacity, energy storage
or discharge cannot be sustained for a long time, so the
trading volume of battery energy storage should meet the
constraint, as shown in formula (2) :

b
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Where, Emi“ and Emax are respectively the
minimum energy storage and maximum energy storage
of the battery.

The storage capacity of battery energy storage is also
restricted by the battery energy storage output, as shown
in Equations (3) and (4) :
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Where, ~min | ~max are the battery energy storage

minimum efforts and maximum output.

In the first stage, based on the electricity market
clearing price and the constraint conditions, the
operation state of battery energy storage at each moment
is preliminarily understood.

2.2 The second stage: optimize the operation of
energy storage load

Based on the first stage, the running state of battery
energy storage in each period is preliminarily obtained.
In the second stage, an optimization model is constructed
to maximize the profit and introduce the loss coefficient
At this time, the objective function of battery energy
storage is shown in Equation (5)

max R = Y [L() % P()) x 0] =1.2.3,.24)  (5)

t=1

Where, R, is the profit gained in one natural day of
battery energy storage, L(t) is the loss coefficient,

P(t) is the clearing price of the power market at time #;

Q(t) is the battery energy storage/discharge capacity.
When energy storage is purchased, the value is negative,
representing the cost; when energy release is sold, the
value is positive, representing the income.

The revenue of energy storage device is the revenue
from energy release minus the cost of energy storage and
the cost of energy loss in the process of energy storage.
In general, the participation of battery energy storage in
the electricity market is economic only when the revenue
of energy storage devices is positive. Therefore, in order
to maximize the profits of battery energy storage when
participating in market transactions, it is necessary to try
to find a period in the electricity market where the price
difference is large for energy storage and discharge.

Due to the introduction of loss coefficient, the
calculation method of battery energy storage is shown in
Equation (6) :
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Through the second stage of optimization, we can
further determine the optimal storage capacity operation
plan of battery energy storage.

3 Analysis of examples

In this section, a real-time market of simulated electric
energy is established. The trading mode is bilateral-
centralized, and the clearing is unified every hour. The
market is unique in power consumption, and the supply
side power supply includes 1 wind power supplier, 1
photovoltaic supplier and 1 battery energy storage
supplier.

Each supplier provides power to meet the demand of
the customer. The city's on-site electricity prices are
subject to real-time supply and demand conditions and
fluctuations. The subjects and specific information of
each party in the electric energy market are shown in
Table 1, 2 and 3.

Table 1 Information of each market subject in the electric
energy market

suppliers capacity marginal cost
Wind power 1000kW 0
Photovoltaic power 700kW 0
Energy storage 1000kW | A constant value

Table 2 Basic information of battery energy storage

Battery energy storage combined
capacity efficiency efficiency
3000kWh 1000kW 75%
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Table 3 Wind power and Photovoltaic power output in the
electric energy market (unit: kW)

time point | wind power | Photovoltaic power
1 45 0
2 45 0
3 45 0
4 45 0
5 45 0
6 45 0
7 45 30
8 35 50
9 30 60
10 25 60
11 24 65
12 22 70
13 20 70
14 20 70
15 20 65
16 22 60
17 24 40
18 25 30
19 35 0
20 35 0
21 40 0
22 45 0
23 45 0
24 45 0

The market clearing price curve is shown in Figure 1.
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Fig. 1. Forecast daily market clearing prices at each time
At this point, the constraint condition is:
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According to the market clearing price, the energy
storage capacity and output constraint of battery energy
storage are satisfied, and the operation scheme of energy
storage equipment under the first stage is carried out.
The results are shown in Fig. 2.
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Fig. 2. Prediction of the first stage of battery energy storage

Fig. 2 shows the prediction of the operation of
battery energy storage at each moment. The negative
value represents the purchase of energy storage and the
positive value represents the energy release and sale.

In the second stage, the objective function is:

max R = S [L()x PO)x 0] =12,3,.24)  (8)

From this, the energy storage and discharge feasible
sets of battery energy storage can be preliminarily
obtained, as shown in Equations (9) and (10) :

7'={12,34,56,7,10,16,17,18,22}  (9)
17 =1{8,9,1112,1314,15,19,20,21,23,24}  (10)

The loss coefficient should be introduced in the
energy storage stage, so that the battery energy storage
tends to choose the period when the price difference is
large enough to make up for the loss of electricity. At
this point, the purchase and sale of battery energy
storage is recalculated.

After solving the model, the transaction quantity of
each period of battery energy storage is obtained. The
results are shown in Figure 3:
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Fig. 3. Prediction of the second stage of battery energy storage

4 CONCLUSION

In this paper, a load prediction model based on the
characteristics and influencing factors of energy storage
equipment is proposed. The results of the example show
that the model can be used to reasonably predict the
operation of the energy storage equipment in each period
of the day, reflect the situation of the energy storage
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participating in the electric energy spot trading market,
and provide support for the optimization of the operation
of energy storage load.

The operation of energy storage load affects the total
power demand in the grid. The original electricity
demand is deducted from the energy storage load to
obtain the electricity energy demand that the distribution
network needs to meet. The reasonable load arrangement
of the energy storage equipment can effectively cut the
peak and fill the valley and avoid the blocking of the
transmission line. Smoother load curve can reduce the
power loss in the transmission process, extend the
service life of existing transmission and distribution
facilities, improve asset utilization rate, and give full
play to the effect of investment in transmission and
distribution equipment.
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