
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Multi-time Scale Scheduling Strategy for Power System with Large-scale
Intermittent Energy
To cite this article: J Zheng et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 486 012104

 

View the article online for updates and enhancements.

This content was downloaded from IP address 119.146.131.186 on 15/10/2019 at 09:37

https://doi.org/10.1088/1757-899X/486/1/012104


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

2019 4th Asia Conference on Power and Electrical Engineering (ACPEE 2019)

IOP Conf. Series: Materials Science and Engineering 486 (2019) 012104

IOP Publishing

doi:10.1088/1757-899X/486/1/012104

1

 

 

 

 

 

 

Multi-time Scale Scheduling Strategy for Power System with 

Large-scale Intermittent Energy 

J Zheng
1
, YY Zhang

2
, AQ Guo

3
 and X Huang

4
 

1
 Electrical and Computer Engineering Department, University of Macau, Macau, 

P.R.China 
2
 State Grid Shandong Jinan Power Supply Company, Jinan, P.R.China 

3
 Zhuhai Hengqin thermoelectric CO,. LTD., Zhuahi, P.R.China 

4
 State Grid Zhejiang Hangzhou Power Supply Company, Hangzhou, P.R.China 

Abstract. Large-scale integration of intermittent energy has brought many problems to active 

power dispatching of the power grid, which will not only increase the operation cost, but also 

increase the operation risk. This paper developed a multi-time scale scheduling strategy, 

integrated day-ahead scheduling, intra-day dispatching and automatic generation control 

(AGC) system, in order to ensure the safe and stable operation of power grid. The strategy 

aims to minimize the sum of operating costs of power system, and sets six constraints such as 

power flow constraint, to analyse and optimize the dispatching process of power systems. After 

simulation and analysis by Particle Swarm Optimization (PSO) algorithm, the results show that 

the strategy has a significant optimization on the power system with intermittent energy. 
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1.  Introduction 

Since intermittent energy represented by wind power and PV power were connected to power grid, the 

power fluctuation caused by environmental factors has brought voltage and frequency stability 

problems to the system. To cope with the power fluctuation issue, the system should have greater 

capacity [1]. However, problems such as unreasonable structure of traditional power supply and 

difficult power consumption are the main reasons that have restricted China’s development of 

intermittent energy [2-4]. Therefore, it is of great practical significance to research the scheduling 

strategy for power system with large-scale intermittent energy. 

Many researches have been reported on the integration of large-scale intermittent energy. 

Reference [5] proposed that battery energy storage is an effective measure to enhance the grid-

connected capacity of intermittent energy. Besides, the configuration of battery energy storage in 

power grid was emphatically analyzed. 

Meanwhile, optimized dispatching of new energy has drawn more attention. Considering the 

specific situation, the new energy power generator set with the lowest marginal cost is preferred to 

meet the load demand with the lowest total production cost of the system [6-7]. The main method of 

achieving the balance of active power is to manage conventional units and new energy units 

reasonably [8]. Reference [9] constructed a multi-scale model including three different control 

modules, to analyze the optimal dispatching of PV power stations. 

This paper constructs a multi-time scale scheduling model integrated day-ahead scheduling, intra-

day dispatching and AGC system, from the perspective that the optimal model can improve the 
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dispatch of power system with large-scale intermittent energy. A compromise decision of stable 

operation and the integration of intermittent energy can be got, with both power balance and technical 

conditions of generator units taken as constraints. 

2.  Multi-time scale scheduling principle 

Based on day-ahead scheduling data, intraday dispatching is used for adjustment, and short-term load 

response is conducted through AGC system [10-13].
 
Figure 1 is a multi-time scale scheduling 

principle diagram [14]. 

 

Figure 1. Multi-time scale scheduling principle diagram. 

Firstly, the day-ahead scheduling plan forecast the hourly power grid situation before the research 

day. Then, the intra-day dispatching do continuous adjustments every 15 min from 00:00 of the 

research day, which is based on ultra-short-term forecast of load, wind power and PV power. When 

obtaining the first 15 min of ultra-short-term forecast data, the day-ahead forecast results would be 

quickly corrected, and the correction amount would be added to obtain the latest data. The intra-day 

dispatching can be regarded as a kind of feedback, which will feed the latest ultra-short-term forecast 

data obtained back to the original basic calculation data.  

The intra-day dispatching ensure the data remain roughly same as the impending actual conditions 

in a short time, but does not pursue precise regulation and optimization. After the intra-day 

dispatching, AGC system would adjust the power generation and stabilize the grid frequency. 

3.  Multi-time scale scheduling model 

3.1.  Objective function 

To analyze the real-time intra-day dispatching process clearly, the conventional units are divided into 

base-load units and peak-load regulation units. Aiming at the minimum total operating cost of power 

system, set 
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(1) 

as the objective function. This function takes into account the generation cost ( )t

i iC p , the start-up cost  

of base-load units t

iS , the regulation cost of peak-load units ( )iL t , and the cost of abandoned 

intermittent energy. 

Where i and t are respectively the index for conventional units’ number and hours, T is the total 

number of hours divided in the study period, gN  and kN  are respectively the total number of base-

load units and peak-load units in the system, t

ip is the active power output of unit i at time t, t

iu is the 

operation state of unit i at time t (1 means running, 0 means stopping). 
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( )t

i iC p is the characteristic cost function of unit i that only related to the active power output of it. 
2( )t t t

i i i i i i iC p a P b P c  
 

(2) 

ia , ib  and ic  are constants which have been given. 
t

iS is the start-up cost function of unit i at time t, shown as: 
1 / 1[ (1 )] (1 )

t
i ixt t t

i i i i iS e u u
 

    
 

(3) 

Where i  and i  are respectively the fixed cost and cold start-up cost of units, i is the thermal 

time constant of units, 
t

ix is hours of running or stopping continuously of unit i at time t. 

( )iL t is the peak-load regulation cost of peak-load regulation unit i. It is related to the intermittent 

energy size and scale which is connected to the power grid. 

exA is the adjustment cost of the intermittent energy units. exE is the interactive energy of 

intermittent energy station and the power grid. 
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(4) 

Where bA  is the penalty cost of abandoned intermittent energy, and dA  is the reward cost of 

expanded intermittent energy. They are all related to the electricity market. 

0
( )

T

ex exE P t dt 
 

(5) 

Where exP  is real-time interactive energy of intermittent energy station and the power grid. 

3.2.  Constraint condition 

On the basis of ensuring the safe and stable operation, there are some constraints need to be 

considered. 

3.2.1.  Constraint for power flow. 
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(6) 

Where GiP  and GiQ  are respectively the active power and reactive power of the base-load units at 

the system bus bar i, KiP and KiQ  are respectively the active power and reactive power of the peak-load 

regulation units at the system bus bar i, LiP and LiQ  are respectively the adjustment amount of active 

power and reactive power at the system bus bar i, DiP and DiQ  are respectively the active power and 

reactive power of the load at the system bus bar i. 

3.2.2.  Constraints for unit technical output. 
    min max

min max

t t t
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t t t
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(7) 

Where t

ip  and t

iq  are respectively the active power technical output and reactive power technical 

output of the conventional unit i, min

ip , max

ip , min

iq  and max

iq  are respectively the lower limit and upper 

limit of the active technical output and reactive technical output of unit i. 

3.2.3.  Constraints for unit climbing rate.  
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(8) 

Where i

rU  and i

rD  are respectively the allowed output rising and falling limit rates of the active 

power of unit i per unit time. t is the time interval, which is one unit time. 

3.2.4.  Constraints of unit minimum running time or downtime.  
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(9) 

Where on

iT  and off

iT  are respectively the minimum running time and minimum downtime of unit i. 

3.2.5.  Constraints for power transmission of intermittent energy station and the power grid. 
    max( )ex exP t P

 
 (10) 

Where max

exP  is the power limit of the transmission line. 

3.2.6.  Constraints for the output power of intermittent energy station. 
    max
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Where 
max

,i wp  and 
max

,i sp  are respectively the output power upper limit of wind power and PV power 

stations. 

4.  Simulation analysis of multi-time scale scheduling 

4.1.  Case description 

This paper designs an experimental power system that meets the actual situation, including six types of 

power sources: thermal power, gas power, nuclear power, pumped storage power, wind power, and PV 

power. The load forecast data on the calculation date is also set. Among them, the total installed 

capacity of wind power and PV power is 1000MW, accounting for 19.2% of the total installed 

capacity of the system. Therefore, the experimental system is a typical power system with large-scale 

intermittent energy, and the installed capacity of all power sources and their proportions are shown in 

Table 1. 

Table 1. The installed capacity and proportions of all power sources in the system. 

Source type Thermal 

power 

Gas 

power 

Nuclear 

power 

Pumped 

storage 

Wind 

power 

PV 

power 

Total 

Capacity /MW 2450 520 800 400 700 300 5170 

Proportions 47.4% 10.1% 15.5% 7.7% 13.5% 5.8% 100% 

The number of various power supply units is specifically like 9 thermal power units, 4 gas power 

units, 2 nuclear power units, 2 pumped storage power units, 4 wind power plants and 5 PV power 

plants. 

4.2.  Simulation result 

4.2.1.  Scheduling result. The practicality of the multi-time scale scheduling model is verified by 

comparing with the day-ahead scheduling model mentioned in Reference [15]. Use PSO algorithm 

with inertia weight to solve the two models, and obtain two calculation results. The compared results 

with the actual load data on the calculation day are shown in Figure 2. 
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Figure 2. Scheduling results. 

The blue curve with “×” mark is the actual load data of the system on the calculation day. The 

green curve with “·” mark is the obtained day-ahead scheduling plan. The red curve with “○” mark 

is the dispatching plan data using the multi-time scale scheduling model of this paper. 

Through the method of multi-time scale scheduling, the data are corrected every 15 minutes to 

track the reality, which means to decrease the difference between the day-ahead scheduling plan and 

the actual output. And this little difference can ensure the security requirements of power system after 

adjusting power generation by AGC system. These results shows that the multi-time scale scheduling 

model has a remarkable effect on the optimal dispatching of unstable power systems after connected to 

the intermittent energy. 

4.2.2.  Output data of conventional units. During the intra-day dispatching process, the output data of 

thermal power, gas power, nuclear power and pumped storage power conventional units which is 

divided to 96 parts by every 15-minute periods of the day is shown in Figure 3. 

 

Figure 3. Output curve of different conventional units. 

Thermal power and nuclear power are mainly responsible for the basic load. The output of thermal 

power units is basically kept between 1700 MW to 2400 MW. It’s impossible at the technical level to 

regulate the peak load by starting or stopping a large number of thermal power units. Meanwhile, the 

switching action needs a great cost, which doesn’t meet the optimal conditions of the objective 

function. As for nuclear power units, they keep full-time operation, and the total output power of the 

two units remains 800MW unchanged. 

While gas power and pumped storage power are responsible for peak-load regulation. The 

adjustment speed of gas power units is fast, so it can cope with sudden power change. For pumped 

storage power, the power is negative at night, which means the units are working as load, and the 

power is positive during the day, which means the units are working as the hydropower station. 
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5.  Conclusions 

In order to ensure the safety and stability of the power grid, this paper presents a multi-time scale 

scheduling model with day-ahead scheduling, intra-day dispatching and AGC system. A practical 

example is designed and the simulation results are presented in the form of comparison diagram. The 

results show that this model has a significant practicability on the optimization of the power system 

with intermittent energy. As well, this paper analyses the output data of conventional units, and studies 

the different roles played by thermal power, gas power, nuclear power and pumped storage power in 

the dispatching process. 
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