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ABSTRACT 

Battery storage system is usually applied in a wind farm 

to improve wind energy utilization and integration ability 

to the power grid. The paper presents a control and 

operation strategy based on battery storage system for 

wind farm. Compared with conventional methods, the 

battery safe margin is set and considered both in the 

scheduling and real-time operation periods which can 

not only improve prediction accuracy but also can 

maximize the general output power. Particularly, it will 

greatly reduce the risk that the total generation is out of 

limited range. An actual case of wind farm with battery 

storage system has been simulated and the results 

verified the correctness and validity of the proposed 

method． 

INTRODUCTION 

In recent years, energy and environmental issues are 

becoming increasingly prominent. Wind power, as the 

most economical renewable energy, has developed 

rapidly all over the world. However, because of wind 

intermittence and randomness characteristics, large scale 

integration of wind power will not only affect the power 

grid stable operation, but also increase the power 

scheduling and dispatching difficulties. Meanwhile, in 

areas with abundant wind resources but low power 

demand, the wind farm is always required to limit the 

power generation. Therefore, how to improve the 

prediction accuracy of wind power and decrease wind 

power curtailment has very important significance. 

Although scholars have done a lot of research work on 

wind power forecasting, the prediction accuracy level is 

still hard to meet the requirements. For these situations, a 

certain scale of energy storage system is proposed to be 

configured with the wind farm. The battery can 

compensate prediction error by charging and discharging.  

When wind power curtailment happens, the battery also 

can absorb power to prevent waste of energy. At present, 

much research aims to improve prediction accuracy by 

tracking wind forecasting curve through battery control, 

not considers how to schedule the power generation to 

make full use of wind energy and how to reduce the risk 

that the total generation is out of its limited range.  

The proposed method which can overcome existing 

technology deficiencies is introduced in the paper. Firstly, 

the proposed wind farm with battery storage system 

structure is presented. Then battery safe margin is 

calculated for prediction error compensation. Thirdly, 

wind farm generation scheduling scheme is proposed. 

Lastly, control strategy for real-time operation is given in 

details. The simulation results show the strategy effects 

using both conventional and proposed method. The 

comparison verified the validity and advantages of 

proposed method.  

SYSTEM DESCRIPTION 

The wind farm with battery storage system structure is 

presented in Fig.1. 

 
Fig.1: Wind farm with battery storage system structure 

 

Wind farm 

Wind power generation can be determined by wind 

velocity and wind turbine rated power. The specific 

model is as follows, 

Pw
(k) = {

PR

v(𝑘)−vc

vR−vc

    vc ≤ v(𝑘) ≤ vR

PR                  vR < v(𝑘) ≤ vF

0        v(𝑘) < vc or v(𝑘) > vF

              (1) 

Where, Pw is wind output power; PR is the rated power; v 

is the current wind speed; vc, vF and vRis the cut-in, cut-

off and rated wind speed respectively. 

Battery energy storage system  

The battery storage system is defined by its energy 

capacity, charging and discharging power. SOC, which 

indicates the residual capacity of battery, can be 

calculated as follows: 

SOC(k+1) = {
SOC(k) −

1

𝜂𝑑
Pb

(k)
∆t     (Pb

(k)
≥ 0)

SOC(k) − 𝜂𝑐Pb
(k)

∆t      (Pb
(k)

< 0)
    (2) 

the limited range is  

SOCmin < SOC(k) < SOCmax                 (3) 

Where, Pb
(k)

 is battery charging and discharging power; 

𝜂𝑐  and 𝜂𝑑  are the charging and discharging efficiencies 

respectively; SOCmin /SOCmax  is the minimum/maximum 

dump capacity; ∆t is time step. 
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Battery charging and discharging power constraint is 

shown as follows: 

Pch
min < Pb

(k)
< Pch

max  (Pb

(k)
≥ 0)              (4) 

Pdis
min < Pb

(k)
< Pdis

max  (Pb

(k)
< 0)              (5) 

Where, Pch
min / Pch

max , Pdis
min / Pdis

max are the minimum 

/maximum of battery charging and discharging power 

respectively. 

External grid 

The total output power which includes wind output power 

and battery charging/ discharging power will be sent to 

the external power grid through transmission line. The 

output power Pout
(k)

 is given by: 

Pout
(k)

= Pb
(k)

+ Pw
(k)

                             (6) 

“Wind farm integration technique rule” requires that the 

wind farm should submit wind prediction results 24 hours 

ahead. The power dispatching centre will send power 

generation instructions in accordance with the reported 

predictive generation curve and actual situation. The 

wind farm should follow daily generation scheduling 

curve and dispatching instructions by timely power 

adjustment.Wind prediction accuracy is also defined in 

the technique rule: 

(1 − a%)Ppre
(k)

< Pout
(k)

< (1 + a%)Ppre
(k)

         (7) 

Where, Ppre
(k)

 is wind generation prediction value and a% 

is the limited range of prediction error.   

WIND FARM CONTROL AND OPERATION 

STRATEGY 

Battery safe margin calculation 

First, according to historical data of predicted and actual 

wind generation, compensation power for negative 

prediction error (where Pw
(k)

< Ppre
(k)

) of each period is 

calculated. The diagram is shown in Fig.2 and the 

calculation equation is as follows, 

∆Pk = Pw
(k) − Ppre

(k)
                         (8) 

Qi = ∑ (|∆Pk| × ∆t)  i = 1,2 … Mk=n
k=m             (9) 

Where, 

∆Pk : the deviation between predicted and actual 

wind output power. 

Qi : total capacity need to be compensated for the 

period when the actual output power is continuously 

less than the  predicted power. 

 
Fig.2: Compensation power diagram 

 

Then calculate mean value μ and standard deviation σ are 

given by： 

μ = Q̅ =
∑ |Qi|M

i=1

M
                                (10) 

σ = √∑ (|Qi|−Q̅)2M
i=1

M
                              (11) 

Therefore, wind prediction negative error compensation 

power probability distribution f(Q) is given by: 

f(Q) =
1

σ√2π
e

−
(Q−μ)2

2σ2                             (12) 

Based on the principle of Normal Distribution Method, 

[μ-3σ, μ + 3σ] interval will occupy 99.74% area which is 

presented in Fig.3. Thus, ‘μ + 3σ’ can be recognized as 

battery residual capacity which can provide complete 

compensation by discharging the battery when the actual 

output value is less than the predicted value. Considering 

the SOC range limitation, the battery safe margin 

SOCmargin can be expressed as, 

SOCmargin = SOCmin +  
(μ+3σ)

Qr
                        (13) 

Where, Qr is rated capacity of battery. 
 

 
Fig.3: Probability density curve of power deviation 

Power generation scheduling 

The scheduling generation curve for next day can be 

adjusted according to the battery residual capacity and the 

safe margin. 

When SOCstart > SOCmargin , the extra power can be 

averagely discharged in the whole control period, which 

will raise the scheduling curve and increase output power 

for next day. When SOCstart<SOCmargin, push forecasting 

curve down, let the part of the wind generation to charge 

the battery, so that the battery residual capacity can reach 

the safe margin SOCmargin. 

The scheduling curve for next day is set as follows, 

Psch
(k)

= Ppre
(k)

+ k ×
(SOCstart−SOCmargin)×Qr

N
             (14) 

(k = 0,1 … . N) 

Where,  

SOCstart: start SOC of battery. 

Psch
(k)

: scheduling power generation. 

N: quantity of time nodes. 

Because the scheduling curve is rectified, the battery safe 

margin of each time node is also required to be rectified 

according to equation (15) which will be considered in 

the real-time operation: 

SOCmargin
(k)

= SOCstart  − k ×
(SOCstart−SOCmargin)

N
          (15) 

Battery control strategy 

In the process of wind farm operation, there will be 

deviation between scheduling and actual wind output 
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power. Considering real-time dispatching, the scheduled 

and the actual wind output power, the battery control 

strategy logic is proposed and is shown in Fig.4. 

 
Fig.4: Battery control strategy in wind farm operation 

 

Where, Pdis
(k)

 is the limited power sent by the power 

dispatching centre; SOCest
(k+1)

 is the estimate value of  

SOC(k+1);  Pmin
(k)

 and Pmax
(k)

 are the minimum and maximum 

power which satisfy the prediction accuracy index 

respectively;  Paim
(k)

 is the preset target of total system 

output power. 

Firstly, if the wind farm receives dispatching generation 

instructions (such as power limitation), the scheduling 

curve should be rectified by following the instructions.  

Then, calculate the upper-lower limit of output power to 

meet the accuracy requirements. Thirdly, set the target of 

system output power Paim
(k)

 from Pmax
(k)

 to Pmin
(k)

 in turn and 

estimate the value of   SOC(k+1) . According to the 

relationship between SOCest
(k+1)

 and SOCmargin
(k+1)

, Pw
(k)

 and 

Pmin
(k)

/Pmax
(k)

 , the target of  Paim
(k)

 will be rectified for several 

times and the battery charging/discharging power will be 

determined finally. The aim of the control strategy is to 

ensure the limited deviation range between system output 

and scheduling power. Meanwhile, the strategy has to 

keep the battery residual capacity at safe margin as 

possible which can reduce the risk that the total 

generation is out of its limited range in the later operation 

process.  

CASE ANALYSIS 

Taking an actual medium-sized wind farm for example, 

the total capacity is 100MW and the battery storage 

system capacity is 100MWh. Battery SOC range is set 

between 30% and 90%. The error limitation between the 

predicted and actual wind farm generation is set to 10%. 

Time step ∆t  is 15 minutes and the operation cycle is 24 

hours (or 96 nodes a day). 

Battery safe margin calculation  

Fig.5 shows the predicted/actual wind output power and 

the deviation on Aug 1
st
, 2013. 

 
(a) Predicted and actual wind output power 

 
(b)Power deviation 

Fig.5: Predicted/actual wind power and the deviation 

 

It can be seen, ∆Pk is almost negative which indicates that 

the actual wind output power is lower than the predicted 

value most of the time. Then the storage system will be in 

condition of discharge for the time duration. Being in 

adequate residual capacity status will increase the 

possibility that the negative errors cannot be compensated 

during the operation. 

According to equation (10)~(13), the calculation is 

processed: mean value μ=5.16, standard deviation σ=4.66 

and ‘μ + 3σ’ equals 19.14. Considering the battery SOC 

range and rated capacity in this control scheme, the 

battery safe margin SOCmargin is set as 0.49. 

Power generation scheduling 

Fig.6(a) shows the power generation scheduling curve 

both under the condition of SOCstart =0.4 and SOCstart 

=0.8. The corresponding safe margin of each point is also 



 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper 0431 

 
 

CIRED 2015  4/4 

given in Fig.6(b). There seems to be little difference for 

the scheduling curve under different SOCstart, because the 

extra or inadequate power is averagely distributed in the 

whole control period. 

 

(a) Power generation scheduling curve 

 
 

(b) Battery safe margin setting for each point 

Fig.6: Power generation scheduling  

Battery control and deviation analysis 

In the process of wind farm operation, battery control 

using conventional and proposed method are both 

simulated for control effect comparison. Meanwhile, the 

impact of different start battery residual capacity is also 

considered in the simulation 

Fig.7 shows power deviation results of conversional and 

proposed method when SOCstart=0.4. It can be seen that 

under low residual capacity of battery, the output power 

always exceeds the limited range using conventional 

control method. And for proposed method, the output 

power and battery residual capacity is rectified under the 

premise of limited power deviation range. Because of 

safe margin consideration, the condition that the 

generation is out of limited range is greatly reduced in 

the whole process of operation. 

 
Fig.7: Deviation analysis of conversional and proposed 

method (SOCstart=0.4) 

 

Fig.8 shows power deviation results of conversional and 

proposed method when SOCstart=0.8. It can be seen that 

under high residual capacity of battery, the deviation 

between scheduling and actual generation can arrive zero 

in the previous time both using conventional and 

proposed method. That indicates when battery residual 

capacity is high, there will be good effects and not big 

difference between two kinds of control method.  

 
Fig.8: Deviation analysis of conventional and proposed 

method (SOCstart=0.8) 

 

Through statistical calculation, the deviation and 

generation index of two kinds of control methods during 

a month is analysed in Table 1 and the result shows the 

superiority of the proposed method. 

 

Table 1 

Control 

type 

Deviation out of range Total 

Generation time power 

Conventional 55.26hs 7.89Mwh 36.3Mwh 

Proposed 24.83hs 4.21Mwh 43.2Mwh 

CONCLUSION 

Power generation scheduling and real-time operation 

strategy for wind farm is realized considering the battery 

safe margin. The proposed method utilizes the wind 

resource and battery storage system efficiently. It can not 

only greatly reduce the risk that the total generation is out 

of its limited range, but also can maximize the output 

power of wind farm and decrease economic loss due to 

wind power curtailment. 
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