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Abstract. Power output control of wind farm is an important way of improving the wind farm 

performance and enhancing the ability of power grid to connect wind farm. In allusion to the power 

fluctuation caused by large-scale integration of wind power, this paper proposes a power smooth 

control strategy of battery energy storage based on the hybrid power prediction. This control strategy 

has constructed the dynamic reference active currents according to the hourly forecast results of wind 

power and demand of load power. By tracking active currents of battery energy storage system, the 

smooth control of wind power output will be realized, and can respond to the power balance demand 

of the system as well. The effectiveness and practicability of the proposed control strategy are shown 

by the simulation results. 

1. Introduction 

The operation of grid-connected wind farms is an effective way for the large-scale utilization of 

wind energy. However, the power output depends on wind speed which is random and uncontrollable. 

With a high penetration of wind power system for the grid, the influence of wind power fluctuation on 

the grid is more remarkable [1]. The increasing amplitude of peak-valley difference of grid’s 

equivalent load and anti-peaking characteristics of wind power both further increase the need of peak 

shaving capacity of system [2], which results in that the contradiction between system’s power supply 

and load demand increases sharply. This brings the current situation and major problems in the power 

system dispatching operation [3]-[4]. To release the pressure of peak shaving and frequency 

modulation of power system, and improve the utilization of wind energy and the economic benefit of 

wind farm, our country has developed and installed wind power prediction systems [5]. However, the 

error of prediction’s mean square root of various timescale is approximately 20% [6] at present, which 

is difficult to meet the demand of system’s dispatch. Consequently, it has become a hot subject in 

recent years to make use of battery energy storage system to control the power output of wind farm. 

Based on hourly forecast results of wind power and load demand of system, this paper puts forward 

a control strategy which combines the direct current control with smooth and peak shaving control of 

wind power output. It can reach the goal of smooth control of wind farm’s power output, and also 

respond the requirement of system’s power balance. This control strategy provides a new effective 

method for analyzing the capacity configuration and model of wind energy storage system. 

2. Battery Energy Storage System (BESS) Configuration and Modeling 

2.1 BESS Configuration  

Fig.1 outlines the structure of the examined battery energy storage system (BESS). It includes a 

lithium battery system, bi-directional DC/DC chopper circuit, bi-directional AC/DC converter, control 

devices and transformers. 
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Figure 1. Structure of battery energy storage system (BESS). 

As shown in Fig.1, Bi-directional DC/DC chopper circuit provides a good interface for battery to 

meet the requirements of the battery voltage while charging and discharging, to improve battery life. 

AC/DC converter can achieve the energy bi-directional flow between ac system and lithium battery 

system. 

Where, R is the equivalent resistance of the transformer while in series and line loss; L is the 

equivalent inductance of the transformer series inductance; C is filter capacitor in DC side; Ea, Eb, Ec 

are the three-phase voltages at the point of common connection( PCC); Ua, Ub, Uc are the three-phase 

voltages of inverter in AC side; ia, ib, ic are the three-phase line currents of inverter in AC side; Udc is 

terminal voltage of filter capacitor in DC side; RS, Us present battery equivalent resistance and terminal 

voltage,  respectively; Idc is output current of battery; fp1 and fp2 are control switch signals of 

bi-directional DC/DC chopper circuit. 

2.2 Modeling of li-ion Battery 

A model of lithium battery (High energy lithium-ion (li-ion) cell VL 45E cell) is used while 

simulating and modeling in this paper. The relationship between open voltage and released capacity of 

battery is given as expression (1). 

))/(ln()ln(002.04 FFFF CRCdCeCbaIV                  (1) 

Where, I is the battery discharge current (A), CF released capacity (Ah) of battery; a, b, e, d, R are 

parameters relative to I, respectively. 

2.3 Modeling and Control of Bi-directional DC/DC Chopper Circuit 

Fig.1 is the bi-directional DC/DC chopper circuit. If fp1 works in PWM mode and fp2 is turned off 

as a diode, this circuit is Boost circuit, which is used in battery charging. In turn, it is a Buck circuit for 

battery discharging. Therefore, to achieve bi-directional flow of DC/DC converter power, fp1 and fp2 

are controlled to work in a complementary mode. As shown in Fig.2, the control structure of 

bi-directional DC/DC chopper circuit is working as a Boost circuit, which adopts double closed loop 

control of outer voltage loop and inner current loop, and the reference value of controlled battery’s 

terminal voltage Usref is 0.22kV. 

 

           
Figure 2. Control of bi-directional DC/DC chopping circuit under Boost mode 
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                   Figure 3. A certain wind farm 2MW wind generator’s power output within 48 hours  

3. The Power Output Control Strategy of Wind Farm Based on The Battery Energy Storage 

3.1 The Fluctuation Rate of Wind Farm Active Power Output 

The influence of wind power on the grid is mainly caused by power fluctuations. This paper defines 

the wind power fluctuation rate (smoothness) over a given period of time is shown in  

max min 100%t t

tb

P P

P



                                                             (2) 

Where, tbP is the reference value of the power output of the wind power within a cycle, 

maxtP and mintP are the maximum power and minimum power values in this period, respectively. 

Set )(5.0 minmax tttb PPP  , Then tbt PP )5.01(max  , tbt PP )5.01(min  . 

Fig.3 is the active power generated by a wind farm with a 2MW wind power generator within 48 

hours. tbP  is the smooth power reference value of 12-hour forecast period, and measured power tP  

fluctuates obviously in this period of time. Based on above curve and equation (2), we calculate 

maximum fluctuation rate within 12 hours, and then reduce the forecast period to 8, 6, 4, 2, 1 hour, 

respectively. The maximum fluctuation rates of corresponding cycle are listed in Tab. I. Data in Tab.1 

show that, the maximum fluctuation rates present a decreasing trend with the decrease of the observed 

time cycle. Tab. 2 lists hourly power fluctuation rate of the power output of wind farm under smooth 

control with no power prediction. Most of data are more than 20%, even up to 83.1%. If the wind farm 

was seen as a negative load, the active power fluctuation rate of wind farm should be limited in the 

range of 20% , according to the dispatching requirements of the regional power grid. 

Table 1. The maximum fluctuation rates in different cycles of a certain wind farm 

The cycle of time period (h) 12 8 6 4 2 1 

Maximum fluctuation (%) 150 129.8 126.2 116 102.3 83.1 

3.2 The smooth control strategy based on wind power prediction 

    Random fluctuations of wind power adversely affect the normal operation and dispatch of the 

grid. If the hourly wind power forecast in the future could be provided to the dispatching center of the 

grid, this kind of influence would be greatly  

Table 2.  Hourly fluctuation statistics of a wind farm under smooth control with no power prediction 

reduced. 

Time 

series(h) 

No predi- 

ction 

Time 

series(h) 

No  

predi- 

ction 

Time 

series(h) 

No predi- 

ction 

Time 

series(h) 

No predi- 

ction 

1 10.8 13 21.4 25 7 37 10.3 

2 16.4 14 26.6 26 4.6 38 37.6 

3 8 15 22.8 27 6.8 39 28 

4 9.8 16 31.3 28 7.4 40 28.2 

5 21.8 17 49.1 29 37.5 41 51.9 

6 23.8 18 83.1 30 25.4 42 21.2 

7 22.2 19 24 31 39.8 43 7.2 

8 51 20 60.6 32 27.6 44 11 

9 23.6 21 41.1 33 24.2 45 21.5 

10 7.7 22 26.5 34 14 46 23.6 

11 21.1 23 7.6 35 28.7 47 22.1 

12 8 24 5.9 36 32.2 48 6.7 
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Meanwhile, if power fluctuation of wind farm can be limited within 20% with a battery energy 

storage system, the wind farm will participate in the dispatching plan of power system, which will 

enhance system security and improve the economics of the system operation. 

                                        
  a) With power prediction                 b) With no power prediction  

Figure 4.  The power fluctuation in certain period of a wind farm               

 
Figure 5. Charging/discharging modes of battery under smooth control cycle   

Fig.4 a) shows the power fluctuation which is based on prediction reference of wind power. Fig.4 b) 

is a schematic diagram of power fluctuation with no power prediction. In Fig.4 a), Ptb is the power 

output of the wind farm, 10 t~ , 21 ~ tt , 32 ~ tt are the forecast time period, respectively. Wind power 

prediction values corresponding to this three periods are Ptb1, Ptb1, Ptb1, respectively. Power smoothing 

upper limit is maxP and taken as   tbP5.01 , While minP  is the power smoothing lower limit and taken as 
  tbP5.01 .In the picture, shaded part above maxP  is charging capacity of battery; While the shaded 

part below minP  is discharging capacity of battery. Wind power output curve after smoothing with no 

prediction is shown in Fig.4 b). Comparing with Fig.4 a) and b), it is clear that the smooth area is much 

greater with no wind power prediction power reference, which indicates that more battery capacity is 

required, as well as greater charging and discharging capacity of battery in one time. 

Battery state of charge (SOC) has an important impact on the smooth control of wind power. SOC 

is defined as the percentage of the total capacity Qb that the remaining capacity Qt of battery energy 

storage system takes up in this paper, that is 

%100
b

t

Q

Q
SOC                                                            (3) 

Taking battery life into account in control, we make SOCmax=90%, SOCmin=10%. 

The smooth control strategy of wind power output proposed in this paper which based on taking the 

predictive value of wind power as the power reference and taking the change of SOC into account is 

shown in Fig.5.Fig.5 is a battery charging or discharging mode control within a smooth cycle. Taking 

the predictive value of wind power in a certain period as a reference, we calculate the power 

smoothing upper and lower limit based on above method, and then compare the measured power 
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output of wind farm and the power smoothing upper and lower limit to determine the operation model 

that the battery takes. And time sequence t of control will be timed at the moment. If Pmax≤Pg≤Pmax,  

The battery will not enter the charging and discharging mode; When Pg≤Pmin, the battery will step 

into charging mode. In this period, battery will achieve discharging as long as SOC>SOCmin, otherwise 

it will stop discharging; When Pg≥Pmax, battery will step into charging mode. In this period, battery 

will achieve charging as long as SOC<SOCmax, otherwise it will stop charging. The time length of 

Battery charging or discharging within each cycle depends on the time length of the smooth control 

cycle and the SOC. When time sequence t of control equals to the time length of smooth control cycle, 

it will step into the next smooth control cycle. 
3.3 The power smooth control strategy of battery energy storage system based on the hybrid 
power prediction 

In the power smooth control strategy of battery energy storage system based on the hybrid power 

prediction, BESS is usually taken as smooth control components. It can also participate in the system 

peak clipping tasks in short time when system has the emergency of peaking demand. BESS will select 

the power control strategy of predicted battery energy storage system based on hybrid power. 

                              
Figure 6. Curve of load demand and peaking need  

 

 
  Figure 7. BESS control based on the hybrid power prediction reference 

Fig.6 places the diagram of typical daily load demand and peaking demand. Pshave is the sum of 

system power, wind power and conventional peaking power. Usually, the system power and wind 

power can meet the load demand. However, the system has peaking demand in the daily 16-17 o’clock 

when users’ demand is up to the highest peak. Then, discharging of BESS can be used to participate in 

the peak dispatching of system when the spare capacity of conventional system is insufficient. In the 

period of daily 22-23 o’clock, as the load demand is the least and wind power resources are abundant, 

BESS can be charged by making full use of wind power resources. Ppw is power of BESS to participate 

in peak shaving of the system, which is defined as the difference between load demand p and Pshave. 

ΔTi is battery charging and discharging time, Bcap battery charging and discharging capacity. The 

relationship among ΔTi, Ppw and Bcap can be expressed as. 

bess

ipw
cap

U

TP
B


                                                                  (4) 
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Where, Ubess is rate voltage of BESS. Battery is in the discharging state when i=1, and in the 

charging state when i=2. 

Based on prediction reference of hybrid power, the control strategy of BESS which has the function 

of controlling the power of smoothing and peak shaving is shown in Fig.7. When the system has no 

battery peaking demand, the reference power tbP  can be obtained directly by the predictive value of 

wind power. When the system has battery peaking demand and SOCmin<SOC<SOCmax , it is 

necessary to  firstly identify adjustable power Ppw of battery, then identify the reference power 

tbP depending on the sum of predictive value of wind power and Ppw. In the view of the controlling 

requirement of fluctuation rate 20%, the upper limit Pmax and lower limit Pmin of smoothing control 

can be formed by tbP , then identify the charging and discharging mode of battery according to the 

comparison of tbP  and measured power output of wind power, and finally form the dynamic reference 

active current idref. Which is taken as active decoupling control component of AC/DC converter for 

BESS, namely the controlling reference of id. When the battery peaking and smoothing are restricted 

by the SOC of battery (see Fig.5), the battery will stop charging or discharging. 

4. Conclusion 

According to the hourly prediction results of wind power and load power demand, this paper 

presents a power smooth control strategy of battery energy storage based on the hybrid power 

prediction. The simulation studies show that: Firstly, the BESS based on power prediction can 

significantly improve the fluctuation rate of active wind power output within 20%. Secondly, the 

BESS based on power prediction enables power output and forecasting power of wind farm to be more 

consistent.  
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