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Abstract. Aiming at the independent AC/DC microgrid, a simple and effective multi time scale control 
strategy is proposed by adopting the combination of day ahead scheduling and real-time control. The day 
ahead scheduling strategy takes the minimum operation cost of AC/DC microgrid as the goal, and schedules 
the controllable loads in the AC/DC microgrid with particle swarm optimization, which makes full use of 
renewable energy. The real-time control strategy controls the output of the distributed generation, the load 
reduction and the switching of the diesel generator according to the real-time energy storage state of charge 
(SOC), which keep the power balance of the AC/DC microgrid. The effectiveness of the proposed two-level 
control strategy is verified by a practical AC/DC hybrid microgrid. The results show that the proposed 
method can make full use of renewable energy and ensure the economic and reliable operation of AC/DC 
hybrid microgrid.  

1Introduction 

The microgrid composed of photovoltaic, energy storage, 
diesel generator and other equipment has the advantages 
of making full use of renewable energy and providing 
independent power supply for users, which is suitable for 
supplying power to users in areas where the construction 
of power facilities is difficult, such as islands and 
mountainous areas[1,2]. Compared with the traditional 
single AC microgrid or DC microgrid, AC/DC hybrid 
microgrid has the advantages of convenient DC load 
access, high acceptance capacity of distributed 
generation, flexible and diverse networking form and 
control mode[3], which can improve the level of system 
security and stability and reduce network loss [4, 5]. 

As one of the core technologies of microgrid, optimal 
dispatch is an important support to deal with the 
uncertainty of renewable energy and load and ensure the 
economic and reliable operation of microgrid[6,7]. 
Compared with the traditional AC microgrid, AC/DC 
hybrid microgrid presents the characteristics of AC/DC 
operation zoning, energy coupling, source load variety 
and operation mode diversification[8-10], so the optimal 
dispatching of AC/DC hybrid microgrid is more complex. 

At present, domestic and foreign scholars have done 
some research on the optimal dispatching of AC/DC 
hybrid microgrid. In reference [11], considering the 
operation cost, fuel emission and power loss load of 
microgrid, the optimization objective function is 

established and solved by multi-objective particle swarm 
optimization algorithm. According to document [12], a 
method combining daily dispatching with day scheduling 
is proposed for the operation optimization of microgrid 
containing sodium-sulfur battery energy storage system. 
The real-time scheduling plan is based on ultra-short-
term power forecasting, which can modify the day ahead 
dispatching plan to ensure the optimal operation of the 
microgrid. In reference [13], the island independent 
microgrid system adopts the method of time-to-time 
control, and the system scheduling strategy is formulated 
with the constraints of system active power balance and 
normal operation of equipment. In reference [14], 
according to the load characteristics of AC/DC hybrid 
microgrid in practical application, the microgrid optimal 
dispatching plan is formulated, and the economy and 
power supply reliability of microgrid are improved with 
the help of demand side management technology.  

This paper proposes a multi time scale power 
regulation strategy for island independent AC/DC hybrid 
microgrid. A micro grid power regulation strategy 
combining daily dispatching and real-time control is 
adopted. The day ahead scheduling strategy aims at 
minimizing the cost of operation, and establishes a 
mathematical model using particle swarm algorithm to 
solve the problem. It distributes the adjustable load size 
and the power consumption time to provide a reference 
for the island electricity arrangement. The real-time 
control strategy controls the output of distributed 
generation, the reduction of load and the switching of 
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diesel generator according to the real-time energy storage 
SOC. The proposed method is simple and reliable, and 
can effectively use renewable energy to generate 
electricity, ensuring the economic and reliable operation 
of AC/DC hybrid microgrid. 

 
 
 
 
 

2Independent AC/DC Hybrid Microgrid 

2.1Topology of Independent AC/DC Hybrid 
Microgrid 

Figure 1 shows the topology of an independent AC/DC 
hybrid microgrid in a mountainous area. Photovoltaic 
and wind turbine are the main power sources of 
microgrid. The energy storage system maintains DC 
voltage, and the AC system maintains AC voltage 
through converter valve.  

 

Figure 1 Topology of island AC/DC hybrid microgrid 

2.2Load Model  

According to the load characteristics and power supply 
requirements, it can be divided into four categories: fixed 
load, reducible load, translatable load and flexible load. 

 Fixed Load: This type of load cannot be 
regulated by the power system, cannot be reduced or 
shifted, and its demand must be met. 

 Reducible Load: This type of load can increase 
or decrease the power consumption within a certain 
period of time according to the needs of system 
regulation. 

 Translatable Load: This type of load can be 
transferred according to the needs of system regulation 
and control, but it must be completed within a certain 
time. 

 Flexible Load: This type of load belongs to 
non-essential load, its power consumption and power 
consumption period can be adjusted according to the 
needs of system regulation, and can be stopped when 
necessary. 

The load size and load type are shown in Table 1. 
 
 

Table 1 The characteristics of island load 

Load name Load size Load type 

Class I domestic electricity 10kW Reducible load 
Class II domestic electricity 4kW Translatable load 
Class III domestic electricity 3kW Fixed load 
Communication equipment 6kW Fixed load 

Electricity for forestry production 20kW Translatable load 
Outdoor lighting 10kW Fixed load 

Control room 15kW Fixed load 
Electric vehicle charging 10kW Translatable load 

Conference room electricity 15kW Flexible load 
 
Among them, Class I domestic electricity mainly 

includes: air conditioners, induction cookers, rice 
cookers, and boiling water cookers; Class II domestic 
electricity mainly includes: washing machines and bath 
heaters; Class III domestic electricity mainly includes: 
electricity for lighting and refrigerators. The translatable 
period of class II domestic electricity is (6:00-22:00); the 
translatable period of forestry production electricity is 

(6:00-18:00); the translatable period of electric vehicle 
charging is (0:00-24:00), but it needs to run for at least 
12 hours every day. 
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3Control Strategy of AC/DC Hybrid 
Microgrid 

AC/DC hybrid microgrid uses new energy to the 
maximum extent, reduces the operation time of diesel 
generator as far as possible, and improves the economy 
and environmental protection of the system. Considering 
the shortage of personnel allocation in mountainous areas, 
it is difficult to provide special micro electricity network 
management and control personnel. Therefore, the 
control strategy combining daily dispatching strategy 
with real-time control is adopted. The day ahead 
scheduling strategy provides a reference for the 
electricity arrangement, assigns the size of the adjustable 
load and the power consumption time. The real-time 
control strategy controls the switching of the distributed 
power through energy storage SOC. 

3.1Day Ahead Scheduling Strategy 

Taking 15mint   as a scheduling cycle, the objective 
function can be expressed as: 

cost _ _
1

min ( ( ) ( ) )
dayN

G G on G G ope lost lost
t

f N k P t k P t k t


      (1) 

where, costf  is the total operating cost of the system in 

one day; GN  is the starting times of the diesel generator 

in one day; _G onk  is the starting cost of the diesel 

generator each time, which is taken as 100 yuan/time in 
this paper; ( )GP t  is the generating power of the diesel 

generator in period t; _G opek  is the generating cost of the 

diesel generator, which is taken as 0.4 yuan/kW in this 
paper; ( )lostP t  is the loss of load in period t; lostk  is the 

loss of load cost, which is taken as 0.8 yuan/kW in this 
paper. 

Considering the small scale of microgrid, the 
transmission capacity constraints of converter valve and 
transmission line can be satisfied in design, and the 
system voltage is regulated by energy storage, so the 
voltage constraint can be converted into energy storage 
SOC constraint. Therefore, the constraints of day ahead 
scheduling include the power balance constraint of 
microgrid and the upper and lower limit of energy 
storage SOC. 

The power balance constraints of microgrid can be 
expressed as: 

G ess WT PV loadP P P P P                   (2) 

where, essP  is the charging and discharging power of 

energy storage (positive power means discharging, 
negative power means charging), and loadP  is the load 

power. 
The power and capacity constraints of energy storage 

can be expressed as follows: 

_ max0 ( )ch chP t P                        (3) 

_ max0 ( )dis disP t P                       (4) 

min max( )SOC SOC t SOC              (5) 

where, _ maxchP  and _ maxdisP  are the maximum charging 

and discharging power of energy storage respectively, 
which are taken as 125kW in this paper. minSOC  and 

maxSOC  represent the upper and lower limits of energy 

storage SOC respectively. This paper uses the particle 
swarm optimization algorithm mentioned in reference 
[15] to solve the model. 

3.2Real Time Control Strategy 

The microgrid system is regulated by energy storage, so 
the energy storage SOC is used as the basis of distributed 
generation and load switching in real-time control. In 
each dispatching cycle, the real-time state of energy 
storage SOC is read, and the wind and solar power, 
energy storage, diesel engine and load power are 
adjusted in real time according to the state of energy 
storage SOC. In this paper, the energy storage SOC is 
divided into four key nodes, which are: minSOC , lowSOC , 

highSOC , maxSOC . During normal operation, SOC 

fluctuates in the range of min maxSOC SOC . 

The schematic diagram of energy storage SOC 
division section is shown in Figure 2. 

 

Figure 2 Schematic diagram of energy storage SOC partition 

When maxSOC SOC , the battery stops charging. 

When maxhighSOC SOC SOC  , the wind and solar 

power mainly supply the load, if there is power surplus, 
the energy storage will be charged. 

When low highSOC SOC SOC  , the wind and solar 

power mainly supply the load, if there is a power 
shortage, the energy storage discharge will supplement. 

When min lowSOC SOC SOC  , a certain load is cut 

off, energy storage is discharged, and the load is supplied 
together with wind and solar energy. 

When minSOC SOC , put the diesel generator into 

operation. 
In this paper, the values of minSOC , lowSOC , highSOC , 

and maxSOC  are 0.2, 0.4, 0.85 and 0.95 respectively. 
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4The Example Analysis 

The AC/DC microgrid shown in Figure 1 is used for 
simulation, and the typical environment scenarios of 

sunny and rainy weather are selected for analysis, and the 
corresponding dispatching scheme is formulated. 

Figure 3 shows the forecast of typical daily wind 
turbine output based on historical wind speed. 

 

Figure 3 Forecast of wind turbine output power in typical day 

Figure 4 shows the forecast of typical daily 
photovoltaic output based on historical solar 
radiation intensity. 

 

Figure 4 Forecast of photovoltaic output power in typical day 

4.1Typical Sunny Day Scheduling Results 
Typical sunny day scheduling results are shown in Figure 
5. 

 

Figure 5 Typical sunny day scheduling results 

It can be seen that in sunny days, photovoltaic power 
generation is the main energy source of the island. In 
sunny days with abundant light resources, diesel 
generators do not need to be started. As the electric 
vehicle charging needs to run at least 12 hours a day, it is 
set at 6:00-18:00 when the wind and solar resources are 
sufficient. During the period of 0:00-6:00, the wind and 
solar resources are poor, the energy storage system 
discharges and supplies the load electricity together with 
the wind turbine and photovoltaic. During the period of 
6:00-14:00, the light level improves, the wind and solar 
output is greater than the load demand, the energy 

storage system charges, the energy storage capacity 
reaches the upper limit at 13:30, and the charging stops. 
After 11:00, the load gradually increases, the forestry 
production electricity will be put into use at 12:00, the 
meeting room will be put into use at 13:00, and the Class 
II domestic electricity will be put into use at 14:00. The 
peak of load electricity is from 13:00-14:00. From 13:30 
to 17:30, the energy storage is no longer charged, the 
wind and solar output only supplies the load power, and 
the excess power will be abandoned. During 17:30-24:00, 
the light level drops, the wind and solar output power 
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cannot continue to meet the load power demand, and the 
energy storage starts to discharge again.  

The SOC curve of single energy storage in typical 
sunny day is shown in Figure 6. 

 

Figure 6 SOC curve of energy storage in typical sunny day 

During the period of 0:00-7:00 due to insufficient 
wind and solar output, energy storage discharges, and the 
SOC gradually decreases. During the period of 7:00-
13:40, with the increase of wind and solar output, the 
SOC gradually increased due to the energy storage 
charging. During the period of 13:30-17:30, the SOC of 
energy storage no longer charged, remained unchanged 
at the level of maxSOC . After 17:30, due to the decrease 

of wind and solar output, the load demand cannot be met, 
so the energy storage starts to discharge again, and the 

SOC gradually decreases. At 24:00, it returns to the 
initial capacity. 

Since the diesel generator has not been started and the 
Class I domestic electricity has always been maintained 
at the rated power without reduction, the dispatch cost 
for a typical sunny day is 0 yuan. 

4.2Typical Rainy Day Scheduling Results  

Typical rainy day scheduling results are shown in Figure 
7. 

 

Figure 7 Typical cloudy day scheduling results 

In rainy weather with insufficient light resources, 
since forestry production electricity is restricted by its 
shiftable time period, it will be put into use in the period 
(9:00-11:00) with greater wind and solar output. 
Conference room electricity will be directly cut off. The 
electric vehicle charging operation period is 6:00-9:00 
and 11:00-20:00. In the period of forestry production 
power input, the electric vehicle charging will stop. 
Diesel generators will start at 20:00 and keep running at 
rated power. The peak load is obviously lower than that 
in sunny weather, and the electricity consumption period 
is mainly concentrated in 7:00-13:00 and 17:00-22:00. 
During the period of 0:00-20:00, the energy storage is in 

the discharge state most of the time, supplying power to 
the load together with the wind and solar resources, and 
only a few periods (8:45-9:00, 10:00-10:30, 13:15-13:30) 
are in the charging state. Due to the SOC of energy 
storage dropped below lowSOC , Class I domestic 

electricity will be reduced to 60%. During the period of 
20:00-24:00, the sum of wind and solar power output and 
diesel power output is greater than the load demand, and 
the energy storage starts charging. 

The SOC curve of typical rainy day is shown in 
Figure 8. 
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Figure 8 SOC curve of energy storage in typical cloudy day 

During the period from 0:00-11:45, the energy 
storage SOC is between highSOC  and lowSOC , and the 

overall SOC level shows a downward trend, and the wind 
and solar output mainly supplies power to the load. 
During the period from 11:45-20:00, the SOC continues 
to decline, and the energy storage SOC between lowSOC  

and minSOC , the system will perform load shedding. At 

20:00, the energy storage SOC will drop, and the diesel 
generator will start. As the sum of wind and solar output 
and diesel generator output is greater than the load 
demand, the energy storage starts to charge, and the SOC 
of energy storage reaches about 27% at 24:00. 

On a typical rainy day, according to the operation 
time and output of the diesel generator and the load 
shedding of the system, the dispatching cost is calculated 
to be 182.4 yuan. 

5Conclusion 

This paper proposes a set of power regulation strategy 
for island independent AC/DC hybrid microgrid. Using 
the combination of day-ahead scheduling and real-time 
control, the day-ahead scheduling strategy provides a 
reference for the island's electricity utilization 
arrangement. The real-time control strategy controls the 
output of distributed power, the reduction of load and the 
switching of diesel generators through energy storage 
SOC. The simulation results show that the proposed 
method can effectively control the island independent 
AC/DC hybrid microgrid on typical sunny and rainy days, 
meet the load demand, improve the utilization of 
renewable resources, reduce the use of diesel generators, 
and improve the system operation economy and 
environmental protection. 
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