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This paper studied the economic dispatching of a small-scale microgrid which contains the wind 
turbine (WT), photovoltaic cell (PV), microturbine (MT), diesel engine (DE),fuel cells (FC) and 
storage batteries. First, on the premise of making full use of the distributed power of WT and PV, 
according to the real-time capacity of the battery and the net load of the micro-grid system, the 
storage battery charging and discharging power has been obtained based on the fuzzy control theory. 
And then, with the goal of operating cost and the lowest cost of pollutant treatment, an economic 
model was proposed by considering the impact of micro-grid economic dispatch from the time-of-use 
electricity price mechanism. The model takes into account equipment maintenance costs, energy 
interaction costs between micro-grid and large grid and the cost of pollutant treatment of each 
distributed power source and large power grid. The genetic algorithm (GA) is adopted to solve the 
optimal output of each distributed power source when the optimization targets have been met. 
Finally, the feasibility and correctness of the proposed model and strategy are verified by a daily 
dispatching of a typical microgrid. 

Keywords: microgrid; optimal economic dispatching; fuzzy control; storage battery; time-of-use 
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Article history: Received 15 February 2019, Accepted 31 July 2019 

 

1. Introduction 

Microgrid is a small power generation and distribution system, which is composed of a 
variety of distributed generators, energy storage devices, loads, converters and monitoring 
and protection devices. There are two operation modes of microgrid, which can be parallel 
to the large power grid to achieve grid-connected operation, and can also be disconnected 
from the large power grid to enter the island operation [1]. Because the internal energy 
structure of micro-grid is complex and contains a variety of distributed power sources, the 
related research of micro-grid economic dispatch [2] considering multi-objective such as 
economy and environmental protection is more and more extensive. 

In the economic dispatching of microgrids, a lot of literature has been studied. In [3], the 
real-time electricity price and load demand are taken as reference. The fuzzy theory is used 
to determine the output power of the microgrid and the output power of each micro-source 
in the network. The fuzzy adaptive control of the SOC is carried out to improve the energy 
storage and discharge capacity. In [4], an energy management strategy for optical storage 
microgrid based on fuzzy control theory is proposed. The difference between power of PV 
and load power and the remaining battery capacity are used as the input of fuzzy control. 
The operating mode of the system is determined by fuzzy inference. To ensure stable 
operation of the optical storage microgrid system under different environments. In [5], a 
multi-objective optimal load scheduling model for electric vehicles randomly connected to 
the microgrid is proposed. The improved particle swarm optimization algorithm is used to 
solve the optimal cost problem of the microgrid. In [6], a microgrid operation scheduling 
strategy based on demand side response and energy storage device energy estimation is 
proposed. The energy and residual energy of energy storage are estimated based on the 



Wenjin, Mao et al: Economic Dispatch of Microgrid Considering Fuzzy Control... 

 

 418 

ultra-short-term power prediction of micro power supply and load. According to the 
estimation result and demand side information, a variety of different load scheduling 
strategies has been presents and implemented. 

This paper proposes an economic dispatch optimization strategy based on fuzzy control 
for battery-containing microgrid. Based on the purpose of improving energy efficiency in 
microgrid and meeting the balance of supply and demand, the difference between system 
load power and WT-PV power and battery capacity are taken as Reference, through the 
fuzzy control to determine the current battery charge and discharge power, with the 
microgrid operating cost and the lowest pollutant treatment cost as the goal, using genetic 
algorithm to verify a microgrid daily dispatch, the results verify the correctness of the 
proposed control strategy correctness and effectiveness. 
 
2.  Mathematical model of distributed power generation units in microgrid  

 
The basic structure and energy flow diagram of the microgrid are shown in Figure 1 [3]. 

Distributed power generation (DG) includes diesel generator (DE), micro gas turbine (MT), 
fuel cell (FC), storage battery, wind power generation (WT) and photovoltaic power 
generation unit (PV). At the same time, the microgrid is connected to the large grid. 

 
Fig.1 Diagram of the optimal dispatch of the microgrid 

 

2.1 Modeling of PV  

The output power of photovoltaic power generation is related to the temperature and 
illumination intensity of photovoltaic cells. The output current and voltage of photovoltaic 
cells vary with the temperature and illumination intensity of photovoltaic cells. The output 
power model of photovoltaic power generation is as follows [5,8]: 

                        [1 ( )]= + −ING
PV STC C STC
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P P k T T
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             (1) 

Where PPV is the output power of photovoltaic cells under current temperature and 
illumination conditions; PSTC is rated power under STC(standard test condition); GSTC is the 
illumination intensity under STC and the value is 1000 W/㎡; TSTC is the temperature under 
STC and the value is 25℃；GING、TC is the actual illumination and temperature of 
photovoltaic cells, respectively. 

 
2.2 Modeling of WT  

The output power model of wind power generation can be described as follows[9,10]: 
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where PWT is the actual output power of WT (kW); Vr, Vci and Vco is the cut-in wind speed, 

cut-out wind speed and rated wind speed (m/s), respectively; Pr is rated power of WT (kW); 

a and b are the processing coefficients of WT. 

2.3 Modeling of DE 

The fuel cost function of DE is defined as follows [5,11]: 

                    ( ) ( )( )2
DE DE DE

C P t P t tα β γ= + +∑ △                 (5) 

Where CDE is the fuel cost of DE (yuan); PDE is the output power of DE (kW); α β γ、 、  

is the parameter of DE; t△  is the length of each time period (1 h). 

2.4 Modeling of MT 

The fuel cost function of MT is defined as follows[12]: 
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Where CMT is the fuel cost of MT (yuan); CGAS is the natural gas price (yuan/m3); LHV is 

the low calorific value of natural gas (kWh/m2); PMT is the output power (kW) of MT; 

MT
η is the efficiency of MT, as follows : 
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Where x, y, z, c are the coefficients of MT; PR is the MT rated output power (kW). 

2.5 Modeling of FC 

The fuel cost function of FC is defined as follows[9]: 
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Where CFC is the fuel cost of FC (yuan); PFC is the output power (kW) of FC; 
FCη is the 

efficiency of FC, as follows : 

                    ( ) ( )FC FC
t aP t bη = +                      (9) 

Where a and b are the coefficients of FC. 

2.6 Battery energy storage unit 

The battery-based energy storage unit can realize peaking cut in the economic dispatch of 

the microgrid, and can also reduce the operating cost and even increase the power generation 

benefit of the microgrid. The relationship between the energy storage capacity in the battery 

model and its charge and discharge power is as follows [13, 14]: 
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Where 
c

η  and 
d

η  are the charging and discharging efficiencies of the battery 

respectively, generally taking the value of 0.65~0.9; t△  is the time interval of the 
micro-grid economic dispatch, 

Bat
P  is the charging and discharging power of the battery, 

the discharge is positive, the charging is negative; ES is the battery capacity. 
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3.  Battery charge and discharge control based on fuzzy control 

Since the purchase cost and maintenance cost of the battery are much lower than other 
power sources, and with the improvement of the manufacturing process, the pollutant 
emissions of the battery are much less, and the atmospheric pollutants generated during the 
charging and discharging process are far lower than other power sources. Therefore, the use 
of battery charging and discharging is preferred, which can maximize the consumption of 
local energy and improve the economic benefits of microgrid operation. Considering the 
randomness of the sum of the wind power and photovoltaic power generation (The 
following is marked WT-PV power) and load, based on the fuzzy theory to control the 
charge and discharge of the battery [15], that is, when the WT-PV power generation are 
insufficient, the discharge power is determined according to the current battery capacity, and 
the cost of purchasing electricity is reduced; on the contrary, when WT-PV power is 
sufficient, the battery is preferentially charged to improve the utilization rate of clean energy. 
Based on the initial net load in the microgrid, that is, the difference between the load power 
and the WT-PV power (DP=PL-PPV-WT), and the battery capacity (ES), the battery charge and 
discharge power PBat is obtained by fuzzy control. The formulation of fuzzy rules takes into 
account the following principles: 

(1) When DP>0, the WT-PV power are insufficient, the battery needs to be discharged, 
PBat > 0. The smaller the DP is, the less the discharge power is required; the smaller the 
remaining capacity of the battery, the smaller the discharge power. 

(2) When DP<0, the WT-PV power are sufficient, the battery will be charged, and the 
equivalent discharge power PBat < 0. The smaller the value of the difference |DP|, the smaller 
the battery charging power; the smaller the remaining capacity of the battery, the charging 
The greater the power. 

So, the fuzzy rules are expressed as follow: 
IF ES is Small and DP is Negative Medium, THEN PBat is Negative Medium. 
IF ES is Big and DP is Positive Small, THEN PBat is Positive Big. 

Tab. 1 Fuzzy rules 

        DP 

ES NB NM NS ZO PS PM PB 

S NB NM NS ZO PS PS PS 

M NM NM NS ZO PM PM PM 

B NS NS NS ZO PB PB PB 

The fuzzy rules are shown in Table 1, where the fuzzy word set {NB, NM, NS, ZO, PS, 
PM, PB} represents negative large, negative medium, negative small, zero, positive small, 
medium, and large, word set {S, M , B} stands for small, medium and large, and the input 
and output membership functions all use the triangle membership function [3]. 
 

4. Economic Model and Optimized Scheduling Strategy 

 

4.1 Objective function 

The objective function of microgrid economic dispatch set in this paper consists of two 
parts: operating cost and pollutant treatment [16-18]. 
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Where F is the total operating cost of the microgrid; Nd is the total scheduling duration; 
COM.i (t), KOM.i and Pi (t) represent the maintenance cost of the time period t, the maintenance 
factor of each micro source and its output power, respectively; CGRID, ppt, Ep.t, pst, and Es.t 

represent the power interaction cost, purchase price, purchase power, sales price, and sales 
power of the microgrid during the period t, respectively; CPM, Ch, ui.h, uGRID.h and PGRID(t) 
represent the total treatment cost of pollutants at time period t, the cost of treatment of 
various pollutants, the emission coefficient of each micro-source pollutant, the emission 
coefficient of grid pollutants and the microgrid The power of interaction with the large grid, 
respectively. 

 
4.2 Constraints 

(1) Power balance: (4) Interaction power limitation between microgrid and grid [8] 

                      ( ) ( ) ( ) ( )
1

MN

i GRID Bat Load

i

P t P t P t P t
=

+ + =∑                  (16) 

Where: NM is the total number of micro-power sources in the micro-grid; PGRID is the 
interaction power between the micro-grid and the grid, the value is positive indicating the 
power delivered by the grid to the micro-grid, and negative is the output power of the 
micro-grid to the grid; PBat is the battery power, which is positive for battery discharge 
power and negative for battery charge power. 

(2) The output power of each micro source is limited to [8-9] 

                        ( )min max
i i i

P P t P< <                    (17) 

Where: min
iP  and max

iP  represent the upper and lower limits of the output power of the 

ith micro-power supply, respectively. 
(3) Constraints on battery operation [8]: 

                        ( )min max
Bat Bat Bat

P P t P< <                    (18) 

                       ( )min maxES ES t ES< <                       (19) 

Where: min
BatP  and max

BatP  indicate the lower and upper power limits of the battery, i.e. the 

maximum power of charge and discharge, respectively; minES and maxES  represent 

maximum and minimum capacity of the battery, respectively. 
(4) Interaction power limitation between microgrid and grid [8]: 

                         ( )m in m axt
G R ID

P P P< <                     (20) 

Where: minP and maxP represent the lower and upper limits of the interaction power between 

the microgrid and the large grid, respectively. 
 

4.3 Optimizing the scheduling strategy 

Considering the time-sharing electricity price mechanism, according to the change of load 
in the micro-grid, the 24 hours of the whole day can be divided into three periods: peak, flat 
and valley, and each time corresponding to different purchase and sale price levels [19]. The 
valley time is 00:00-7:00 and 23:00-24:00, the time period is 7:00-10:00, 15:00-18:00 and 
21:00-23:00, peak time is 10 :00-15:00 and 18:00-21:00.  

During the peak period, the power generation cost of the micro-source is usually lower 
than the grid price, and in the valley period, it is usually higher than the grid price. After 
predicting the load size andWT-PV power, the battery charge and discharge power is 
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determined according to the fuzzy rule. According to the principle of the lowest cost of 
micro-grid economic dispatching, the micro-power output is determined based on the 
principle that the micro-grid in the valley period purchases electricity as much as possible 
and the micro-grid in the peak period sells electricity as much as possible. Considering the 
situation of sufficient and insufficient wind and photovoltaic power, the flow chart of the 
micro-grid optimization scheduling strategy is shown in Figure 2. 

Figure 2(a) is a flow chart for wind and photovoltaic power sufficiency. The load demand 

is less than the wind output, and the initial net load DP（PL-PPV-WT ）<0. According to the DP 

and the current battery capacity, the charging power PBat of the battery at this time is 

obtained by fuzzy control, and the remaining net load at this time is calculated as DDP=DP- 

PBat. Since the battery charging power is determined by DP and does not exceed the size of 

DP, |PBat| must be less than |DP|, so only consider the case where the remaining payload 

DDP is greater than zero after charging, as follows: 

1) During the peak period, the microgrid sells electricity to the grid as much as possible, 

and the sales of electricity meets Pmax as much as possible (the maximum interaction power 

between the microgrid and the grid). If the DDP is less than Pmax, then adjust the 

micro-source output to meet Pmax (or the maximum achievable output). 

2) When the WT-PV power are sufficient, the DDP is directly sold to the grid during the 

flat and valley periods. 

 （（（（a））））sufficient power from WT-PV（（（（DP<0）））） 
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According to the battery capacity and DP, the battery 

discharging power PBat is obtained by fuzzy control
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 （（（（b））））Insufficient power fromWT-PV（（（（DP>0）））） 

Fig. 2 Flowchart of microgrid optimal dispatching strategy 

 
Figure 2 (b) is a flow chart of wind and photovoltaic power shortage, load demand is 

greater than wind and photovoltaic power, then DP > 0. According to DP and current battery 
capacity, the discharge power of the battery PBat at this time is obtained by fuzzy 
control.And calculate the remaining net load DDP at this time. 

1) If DDP < 0, that is, the battery discharge power is greater than the net load, and there is 
still a remaining discharge load in the microgrid. And the DDP is directly sold in the flat and 
valley periods; during the peak period, the power sale satisfies Pmax as much as possible, and 
if the DDP is less than Pmax, then adjust the micro-source power to meet Pmax. 

2) If DDP > 0, that is, the battery discharge power is less than the net load, the discharge 
power is not large enough. During the peak period, the micro-source power is the maximum 
power. If DDP < PDG.max (all micro-source power generation maximum regulation additional 
power), the excess power is sold to the large grid. If DDP > PDG.max, the difference is 
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supplemented by the grid. In the Ping and Gu time periods, if DDP < Pmax, the grid purchase 
power is the size of DDP. If DDP > Pmax, then the power of Pmax is purchased from the grid, 
and the difference is supplemented by the micro source. 

According to the scheduling strategy in this paper, the battery charge and discharge power 
PBat is obtained by fuzzy control. The interaction power PGrid between the micro grid and the 
grid is determined by the time period. The fuel cell, micro gas turbine and diesel generator 
are only put into operation during the peak period. Their output is optimized and distributed 
by genetic algorithms, with the goal of minimum cost, which can save micro-grid scheduling 
costs and reduce pollutant emissions. 

 

5. Case Analysis 

5.1 Microgrid parameters 

In order to verify the effectiveness of the proposed strategy, a microgrid system with 
multiple micro-sources is taken as an example. The daily prediction data of power of WT, 
PV and load in the system is shown in Figure 3 [20]. The corresponding grid electricity price 
is shown in Table 2 [3], and each micro-source output power limit and maintenance cost are 
shown in Table 3. The relevant parameter table of the battery part is shown in Table 4, and 
the pollutant discharge parameter table is shown in Table 5 [7]. 

 

0 5 10 15 20 25
0

20

40

60

80

100

120

Time/h

P
o
w

e
r/

k
W

 

 

PV

WT

PL

 
Fig. 3  Power output curves of WT, PV and load in a day 

Tab.2   Purchasing and selling prices（（（（yuan/ kW h）））） 

Period of time Purchase electricity price Sell electricity price 
Valley period 0.43 0.27 

Flat period 0.69 0.50 
Peak period 1.21 1.02 

Tab. 3   Operation parameter of micro-sources 

Micro source Output power limit（kW） COM.i（yuan/ kW h） 

 PWT 0~150 0.025 
PPV 0~100 0.023 
PFC 0~60 0.028 
PMT 0~65 0.0422 
PDE 0~60 0.088 

PGRID -60~60 — 
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Tab. 4  Relevant parameters of energy storage 
min

Bat
P  

max
Bat

P  ESmin ESmax ES(0) η  Cm.Bat 

-45 45 30 135 50 0.85 0.0018 

Tab. 5  Environmental parameter（g/kW h） 

Type Processing cost(yuan/kg) GRID FC MT DE WT PV 
CO2 0.21 889 20.4 724.6 1142.9 0 0 
SO2 6.237 3.12 0.003 2.28 8.79 0 0 
NOX 26.46 2.35 0.01 1.82 3.74 0 0 

 

5.2 Analysis of results 

The charging and discharging power of the battery based on the fuzzy control is shown in 
Fig. 4. Fig. 5 shows the value of the system remaining net load DDP after the battery is 
charged and discharged. It can be seen from the figure that the battery capacity has always 
changed within the constraints. When the initial net load DP is less than zero, that is, 
theWT-PV power are sufficient, PBat is less than zero, indicating that the battery is being 
charged with the rich initial payload; when DP is greater than zero, that is, the wind and 
photovoltaic power are insufficient, PBat is greater than zero, indicating that the battery is 
discharging to reduce the load power difference. 
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Fig. 4  Battery charging and discharging power profile based on fuzzy control 
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Fig.5  Initial net load and the remaining net power after deducting battery power 
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It can be seen from the figure that when the initial net load DP is less than zero, the 
charging power of the battery is obtained by the fuzzy rule according to the current battery 
capacity and the initial net load. The size is smaller than the initial net load. The remaining 
net load is further scheduled according to the time period microgrid; When the initial net 
load is greater than zero, the discharge power of the battery is obtained by the fuzzy rule, 
and its size is still smaller than the initial net load, indicating that it is necessary to schedule 
the remaining distributed power generation in the micro grid to generate electricity. In the 
fuzzy control, the maximum and minimum capacity of the battery are limited, so that the 
charge and discharge power is in a proper range, and the damage caused by the overcharge 
and over-discharge to the battery is reduced, and the service life is prolonged. Moreover, the 
energy storage system discharges when the WT-PV power are insufficient, and charges when 
the wind power and the photovoltaic power are sufficient, which reduces the peak-to-valley 
difference of the electric load in the micro-grid to a certain extent, and realizes the function 
of peaking cut. 

According to the optimized scheduling strategy proposed in this paper, the output power 
of each micro power supply, and the output power of the battery and the interaction power 
between the micro grid and the grid are calculated as shown in Fig. 6. The total dispatching 
cost of the microgrid is shown in Table 6. It can be seen from Fig. 5 that after the charging 
and discharging of battery, the system net load is small, during the valley period (1:00~7:00 
and 23:00~24:00) and during the peace time (7:00~10:00, 15: 00~18:00 and 21:00~23:00), 
the microgrid is dispatched from the grid, reducing the operating costs and pollutant 
treatment costs of fuel cells, micro gas turbines and diesel generators. During the peak 
period (10:00~15:00, 18:00~21:00), the microgrid sells electricity to the grid as much as 
possible. Because the remaining net load is small, the maximum interactive power can be 
sold to the grid, increasing the microgrid revenue. In the operation of fuel cells, micro gas 
turbines and diesel generators, it can be seen that the fuel cell has the most output, the micro 
gas turbine is the second, and the diesel generator is the least. In the least cost economic 
dispatch, the total cost of the fuel cell is the lowest, the micro gas turbine is the second and 
the diesel generator is the highest. When the fuel cell output constraint is not reached, the 
fuel cell is preferentially invested. 
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Fig.6  The actual value of each unit in the Microgrid 

 

Tab. 6  Total operating cost of the microgrid in a day 

Total cost of three 
micro sources 

Electricity 
purchase cost 

Electricity 
Selling revenue 

Gaining revenue 
from the grid 

Total dispatch cost of 
the microgrid 

21214 yuan 50.40 yuan 505.98 yuan 455.58 yuan 33609 yuan 
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As can be seen from Figure 5 and Table 6, the microgrid purchases 80.606 kW·h of power 

from the grid during the flat and valley periods throughout the day, and the average price of 

purchased electricity is 0.625 yuan/(kW·h); the microgrid selles 514.61 kW·h of power to 

the grid during the peak period, and the average price of electricity sold was 0.983 yuan / 

(kW·h). The total operating cost of the microgrid (including operating costs and 

maintenance costs) was 414.77 yuan, and the profit from the grid was 455.58 yuan. The total 

daily dispatch cost is 33,609 yuan, and the total cost of the three micro-sources of fuel cells, 

micro gas turbines and diesel generators is 21,214 yuan. The pollutant treatment cost is the 

most important component of the total dispatch cost. Preferential selection of battery 

charging and discharging can not only achieve appropriate peaking cut, but also reduce the 

power of three micro-sources and the interaction power between the micro-grid and the grid, 

and reduce pollutant emissions. 

 

6. Conclusion 

 
This article states a strategy which optimizes economic dispatch based on fuzzy control 

for battery-containing microgrid. Taking the daily economic dispatch of a microgrid 
containing wind power, photovoltaic, battery, fuel cell, micro-gas turbine and diesel 
generator as an example, considering the influence of time-sharing electricity price on the 
economic dispatch of microgrid, using the genetic algorithm to obtain a treatment scheme 
of the micro-source, then we mainly got the following conclusions: 

(1)Based on fuzzy control, the battery capacity and the initial net load of the system are 
taken as input to obtain the charging and discharging power of the battery, and the battery is 
preferentially used to achieve peaking cut and reducing pollution of grids and other 
micro-sources, then it largely achieved the absorption of local energy. 

(2)Considering the impact of time-sharing price of the electricity on economic dispatch of 

the microgrid, based on the remaining net load of the system after removing the output of 

the battery, then formulate a scheduled strategy of the microgrid, and it proposes that the 

output of the grid is preferentially used during the valley period and flat period, and 

achieving maximum level of electricity sale during the peak period. Finally，it obtained the 

relative outputs of other micro-sources through an optimized algorithm to ensure the 

efficiency of the microgrid. 
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