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Abstract—This paper proposes a coordinated operational dis-

patch scheme for wind farm with battery energy storage system 
(BESS). The main advantages of the proposed dispatch scheme are 
that it can reduce the impacts of wind power forecast errors while 
prolonging the lifetime of BESS. The scheme starts from planning 
stage, where a BESS capacity determination method is proposed to 
compute the optimal power capacity and energy capacity of BESS 
based on historical wind power data; and then, at operation stage, 
a flexible short-term BESS-wind farm dispatch scheme is pro-
posed based on the forecasted wind power generation scenarios. 
Three case studies are provided to validate the performance of the 
proposed method. The results show that the proposed scheme can 
largely improve the wind farm dispatchability. 
 

Index Terms—Battery energy storage system, Renewable en-
ergy, Wind farm dispatch 
 

NOMENCLATURE 

Wind Farm and BESS Parameters 

t , T  Index and total number of time intervals; 
t∆  Time duration of each time interval; 
t

windP  Power output of wind turbines at time t (MW); 
t

refP  Referenced power output of wind farm at time t 
(MW); 

t
BESSP  Power output of BESS at time t (MW); 
t

WFP  Total power output of wind farm at time t (MW); 
,Chr Max

BESSP , ,Dis Max
BESSP  Maximum charge and discharge power limit of 

BESS (MW); 
tSOC  State-of-charge (SOC) of BESS at time t; 
MinSOC , MaxSOC  Lower and upper SOC limit of BESS; 

t
BESSE  Energy stored in BESS at time t (MWh); 
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r
BESSE  Rated energy capacity of BESS (MWh); 

cη , lη  The charging loss (%) and leakage loss factors 
(%/month) of BESS; 

v , 0v  Upstream and downstream wind speed (m/s); 

ρ  Air density (kg/m3); 

r  Turbine rotor radius (m); 

inv , outv  Cut-in and cut-out wind speeds (m/s); 

Wind Power Forecast Error Fitting Parameters 

( )ipdf P  Wind power output distribution function of bin i; 

iα , iβ  Probability distribution parameters of bin i; 

iµ , iσ  Mean value and variance of bin i; 

1p , 2p  Approximation parameters; 

( )pdf ε  Wind power forecast error distribution; 

( )iω  Weight of bin i; 

L  Energy loss of BESS; 

P  Long-term mean wind power generation (MW); 

0L  Maximum allowable energy loss limit; 

Wind Farm NPV Calculation Parameters 

g  Annual general inflation (%); 

I  Annual interest rate (%); 

Y  Simulation period (years); 

_r BESSNPC  
Discounted present costs of future costs of re-
placing the batteries throughout the simulation 
period ($); 

_pur BESSC  Purchase cost of BESS; 

BESSLT  Lifespan of BESS (years); 

_rep BESSN  Number of replacements of batteries during the 
simulation period; 

& _O M BESSC  Annual cost of operation and maintenance of 
BESS ($/year); 

& _O M BESSNPC  
Discounted present costs of future costs of op-
eration and maintenance of BESS throughout 
simulation period ($); 

_sale powerNPV  Discounted present values of income from the 
sale of wind power to grid ($); 

powerPR  Procumbent price of wind power ($/MWh); 
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_wf yrE  Annual electricity sold to grid generated by wind 
farm (MWh/year); 

resNPV  
Discounted present costs of future costs of re-
placing batteries throughout simulation period 
($). 

I. INTRODUCTION 
S one of most popular renewable energy resources, wind 
energy has gained widespread concerns in recent years [1]. 

With the introduction of various emission reduction schemes, 
increasing number of wind plants have been planned or installed 
around the world [2]. These policies are expected to underpin 
solid progress of wind energy industry. In Australia, the wind 
market is benefiting from favorable tax treatment and state 
mandates for renewable energy. It is expected that wind energy 
will provide the largest share of Australia’s targeted 20% re-
newable energy by 2020 [3]. However, due to its stochastic 
nature, the integration of wind energy into power grid has be-
come one of the biggest challenges for system operation. Vari-
ations of wind speed directly influences the power generation, 
which means the output of fossil fuel-plants needs to be adjusted 
more frequently to mitigate the fluctuations, and this also causes 
difficulties in estimating suitable system reserve to ensure se-
cure and reliable operation. Therefore, high penetration of wind 
power may cause high potential risks and difficulties in system 
operations [4]. 

Recent advances in energy storage technologies provide an 
opportunity for utilizing energy storage devices to address the 
intermittency of renewable energy resources. Compared with 
other technologies, BESS is the most cost-effective option for 
short-term wind farm dispatch purposes. Combining BESS with 
wind farm can not only improve system availability, but also 
increase the amount of wind power that can be penetrated into 
power grid without risking system reliability. Various methods 
have been proposed to coordinate BESS and wind farm to in-
crease wind power penetration levels. Some researches focus on 
BESS-wind farm control issues. A hybrid STATCOM-BESS 
control approach was proposed in [5],[6] to improve system 
stability as well as power quality. In [7], a washout filter-based 
scheme was proposed to smooth out short-term power fluctua-
tions of a wind farm with vanadium redox-flow batteries. In [8], 
the control scheme proposed in [7] was improved to incorporate 
more constraints, so that BESS can be used to smooth the net 
power exported to power grid for short-term dispatch purposes. 
A control scheme was proposed to adjust battery charging and 
discharging current over a given period [9], in order to minimize 
the gaps between the referenced and the actual battery power 
outputs. These studies mainly focused on the controller design 
for BESS-wind farm system, without addressing the issues of 
battery capacity determination and short-term dispatch scheme. 
Moreover, the frequent change between charge and discharge 
modes will shorten the lifetime of BESS, which is not consid-
ered in these designs either. 

Some other works study the short-term dispatch scheme for 
BESS-wind farm system. In [10], decision tree based real-time 
dispatch strategy was proposed to control BESS power output. 

In [11], two models were compared to determine the size of grid 
BESS and the dispatch in a wind-diesel system with hydrogen 
storage. To reduce the fluctuation impacts of wind power, a dual 
BESS-wind farm system was proposed for short-term dispatch 
in [12]-[14], which include an in-service battery and a stand-by 
battery. When the stand-by battery is charged by the power 
generated by wind turbine, the in-service battery provides con-
stant power output to the grid. The two units interchange their 
roles when the one in-service reaches operational limits. By 
employing the dual-BESS scheme, the battery in-service can 
aggregate the dispatchable energy and makes wind farm act as 
conventional generator. However, the major limitation of this 
scheme is the high capital cost. Since the BESS-wind farm 
system power output to the grid is completely from the battery 
in-service and all the energy produced by the wind turbines is 
stored in the stand-by battery, which means a large capacity of 
each battery is required. 

Motivated by the works in [12]-[14], in this paper we propose 
a novel coordinated operational dispatch scheme. The proposed 
strategy can mimic the behavior of the dual BESS-wind farm 
system to some extent by using single BESS. Instead of change 
between in-service and stand-by batteries, the proposed scheme 
improves wind farm dispachability by adjusting power output 
between higher and lower levels. Compared with other single 
BESS-wind farm systems, the proposed scheme can stabilize 
wind farm power output and reduce the impacts of wind forecast 
errors more effectively; compared with the dual BESS-wind 
farm system, the proposed scheme requires lower capital cost 
and it can be implemented more easily. In addition, a method for 
determining the optimal capacity of BESS under the proposed 
dispatch scheme is proposed as well. 

The paper is organized as follows. The wind power forecast 
toolbox utilized in this paper is introduced in Section II; the 
proposed coordinated dispatch scheme is described in Section 
III; the BESS capacity determination methodology is presented 
in Section IV; simulation studies are given in Section V; finally, 
conclusions are drawn in Section VI. 

II. WIND POWER FORECAST TOOLBOX 
Wind forecast is a basic task to facilitate renewable penetra-

tions [15],[16]. The forecast toolbox, OptiWind [17], is used for 
wind speed forecast in this paper. OptiWind incorporates highly 
customized numerical weather prediction models and latest 
statistical methods together. Several important factors are con-
sidered in the prediction model, including temperature, seasonal 
weather, public holidays, historical wind data, and etc. And the 
mean absolute error (MAE) is used to evaluate the forecast 
accuracy. 

1

1 | | 100%
hN

ph

MAE v v
N =

= − ×∑                      (1) 

where, hN is the sampling quantity; v is the actual speed; and 
v  is the forecasted speed. The comparisons of forecasted and 
actual wind speed are shown in Fig. 1. 
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Fig. 1. Wind speed forecast results 
 

The forecasted wind power is converted from kinetic energy 
by wind turbine and the output strongly depends on the wind 
speed. The wind turbine output power is given by [18], 
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The wind power is controlled through rotor speed by maxi-
mum power point tracking method. Meanwhile, the pitch angle 
of the blade can be controlled to adjust wind turbine output. 
There is no power generated at wind speeds below cut-in speed 
or above cut-out speed; at wind speeds between cut-in speed and 
cut-out speed, the output can be calculated by Eq. (2). 

III. DISPATCH SCHEME FOR WIND FARM WITH BESS 
Due to its intermittency nature, the large-scale integration of 

wind power into electric grids may jeopardize system stability 
and reliability. Therefore, to stabilize wind farm power output, 
BESS is utilized to compensate the fluctuations and make wind 
farm output follows pre-defined dispatchable reference [7]-[9]. 
The outline of a BESS-wind farm studied in this paper is shown 
in Fig. 2. 

 
Fig. 2. Outline of the wind farm with BESS 
 

Denoting t
refP  as the referenced power output of wind farm at 

time t, the t
BESSP  is calculated by, 

t t t
BESS ref windP P P= −                               (4) 

In this section, BESS operational constraints are introduced 

firstly, followed by the BESS short-term dispatch scheme. Fi-
nally, the methodology for determining BESS capacity is pre-
sented, which relies on the short-term dispatch scheme. 

A. BESS Operational Constraints 
The operation of BESS is subjected to the following con-

straints, 
(1) Power limits 

, ,Chr Max t Dis Max
BESSBESS BESSP P P≤ ≤                        (5) 

(2) SOC limits 
Min t MaxSOC SOC SOC≤ ≤                       (6) 

The tSOC  and energy changing of BESS are calculated 
as Eqs. (7) and (8). 

t t r
BESS BESSSOC E E=                             (7) 

1 | |t t t t t
BESS BESS BESS BESS c BESS lE E t P P t E tη η+ = + ∆ ⋅ − ⋅ ⋅ ∆ − ⋅ ⋅ ∆    (8) 

B. Coordinated Short-Term Dispatch Scheme 
1) Dispatch Principles 

The proposed dispatch principles are shown in Fig. 3. Firstly, 
to overcome the uncertainties in wind generation, three wind 
power output scenarios are forecasted using interval prediction, 
pessimistic wind power scenario, normal wind power scenario, 
and optimistic wind power scenario, which are denoted as SL, 
SM, and SH. To mitigate the fluctuations of wind farm output, SL 
and SH are averaged on hourly basis, depicted by the top and 
bottom curves in Fig. 3. By charging and discharging BESS, the 
final referenced power output of wind farm Pref is then sched-
uled to switch between SL and SH. In other words, Pref changes 
between the higher level and lower level power outputs, alter-
natively. BESS is scheduled to determine the switch time points 
between SL and SH, and make the actual wind farm power output 
follows Pref. 

 
Fig. 3. Dispatch scheme of BESS 
 

Relying on the state-of-the-art short-term wind speed forecast 
techniques, it can be expected that the actual wind power will be 
close to SM with certain deviations. t1, t2,… in Fig. 3 represent 
the time points when Pref switches between SL and SH. During 
this process, the battery is charged or discharged within opera-
tional constraints. For example, assume BESS is at SOC lower 
limit in the beginning, and the corresponding Pref is SL until t1. 
Because the actual wind power output will be closed to SM, the 
BESS is charged until t2, when the BESS reaches its SOC upper 
limits. Afterwards, Pref is switched to SH, and the BESS starts 
discharge process. During the period from t1 to t2, the gap be-
tween SH and SM is compensated by the BESS. The charging and 
discharging process continues alternatively. 
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2) Impacts on BESS Lifetime 
The lifetime of BESS is normally quantified by a number of 

charge cycles [20],[21]. Under traditional schemes, where the 
forecasted wind power is directly smoothed on hourly basis to 
produce s single referenced power output curve [7],[8], BESS 
needs to be charged/discharged frequently to compensate the 
gaps between the actual and the referenced power generation. 
This will lead to large number of charge/discharge cycles and 
shorten the lifetime of BESS. Such frequent switches may also 
cause power quality issues. However, in the proposed scheme, 
the BESS-wind farm switches the referenced curve between SH 
and SL, and the BESS is regularly charged and discharged. Its 
charge/discharge cycles can be significantly reduced and life-
time can be prolonged. Therefore, during the whole project, 
fewer BESSs are required and the investment can be reduced. 
The medium-term benefits can be formed by accumulation of 
short-term operation saving. 
3) Practical Operation Considerations 

After participating in system dispatch, wind farm operators 
need to submit generation schedules to the independent system 
operator, which means the referenced wind farm power gener-
ation should be determined day-ahead or hours-ahead. Due to 
the uncertainties in wind forecast, the predictions normally have 
some errors. Therefore, in real-time operation, wind farm will 
be penalized if it is overestimated or underestimated in the first 
x hours. The generation schedule after the first x hours can be 
adjusted by wind farm operators governed by market rules [13]. 

When applying the proposed dispatch scheme in practical 
applications, actual wind farm output should follow the refer-
enced power curve in the first x hours. In the dual-BESS solu-
tion, this is achieved by setting the scheduled power output of 
the in-service battery to lower level output [12]-[14]. Corre-
spondingly, in our proposed scheme, this can be easily achieved 
by setting the referenced wind farm output of first x hours to be 
SL. The wind farm operator is then allowed to adjust the refer-
enced wind power output after first x hours. Same as calculating 
the switch time of in-service and standby batteries in [13], in the 
proposed scheme, the wind farm operators can estimate the 
switch time between SL and SH. Specifically, for the first x hours, 
the referenced wind farm power output is SL and the battery is 
charged. Then, by utilizing the online wind power forecasting 
and online battery SOC monitoring, the wind farm operator can 
estimate the remaining time to reach the battery SOC upper limit 
after first x hours (t1 in Fig. 3). Then, the wind farm operator can 
re-schedule the wind farm referenced power beyond the first x 
hours. Under normal market rules, this re-schedule cycle can be 
typically half-hour or one hour. Similar to [11]-[13], the prac-
tical operation of the proposed scheme requires online moni-
toring of the BESS SOC. This can be achieved by employing the 
commercial SOC monitoring devices. 

IV. BESS CAPACITY DETERMINATION METHODOLOGY 
The main trade-off in battery selection is between power ca-

pacity and energy capacity. In this section, the methodology for 
determining the BESS capacity under the proposed dispatch 
scheme is presented. It should be noted that the results acquired 
through the following approaches are theoretically optimal. In 
the market, batteries are classified into specific capacity levels 

according to different manufacturers. To make the study be-
come more practical, after obtaining the theoretically optimal 
results, the closest product available in the market will be se-
lected in the case study. 

A. BESS Power Capacity Determination 
Since the power capacity of BESS cannot be large enough to 

satisfy all the wind conditions, determining the optimal power 
capacity of BESS is an important issue in wind farm planning. 
As indicated in [19], large wind power errors are rare and if a 
certain energy loss is allowed, the installed power capacity of 
BESS can be significantly reduced. In this paper, by considering 
the stochastic nature of wind resource, the BESS power capacity 
is calculated based on the distribution of wind forecast errors 
[19]. 

The long-term wind power [measured, forecasted] data pairs 
are sorted in n bins. The bin width is 1/n p.u. For example, if n is 
set to 50, then the bin width is 0.02 p.u. It is assumed that in each 
bin, all measured values have the same forecast Pp,i, which is the 
mean value of all the calculated forecasts corresponding to bin i. 
Then, the measured power distribution within bin i, denoted 
by ( )ipdf P , is fitted as Beta distribution in Eqs. (9) and (10). 

( ) ( )
( )

11 1
,

ii

i
i i i

P P
pdf P

B

βα

α β

−− −
=                           (9) 

( ) ( )
1 11

0
, 1 ii

i iB P P dPβαα β −−= −∫                    (10) 
where, P is the measured wind power in p.u.. The values of iα  
and iβ are calculated from iµ and 2

iσ , 

( ) 2

2

1
= i i

i i
i

µ µ
α µ

σ
−

−                              (11) 

1
= i

i i
i

µ
β σ

µ
−

−                                (12) 

According to [19], σi is calculated by the approximation 
function in Eq. (13) instead of directly using the variance. 

( )( )2
2 1= 1i i i i ip pσ µ µ µ µ− − +                     (13) 

where, 1p and 2p  are approximation parameters. For each bin, 
after fitting the pdf of the measured power, the error distribution 
of can be calculated by subtracting Pp,i from the amplitude axis 
of the pdf. Then the total forecast error distribution, pdf(ɛ), is 
obtained by weighted adding up the pdfs of all bins, shown in 
Eq. (14). 

( ) ( ) ( )
1

n

i
i

pdf i pdfε ω ε
=

= ∑                        (14) 

Based on the distribution of forecast error, the energy loss of 
BESS can be calculated as the function of BESS nominal ca-
pacity and in terms of the long-term mean wind power. 

( )( )
11
BESS

BESSP
L pdf P d

P
ε ε ε= −∫                    (15) 

The nominal power capacity of BESS, PBESS can be calcu-
lated by setting 0L L≤ , where L0 is the predefined energy loss 
limit [19]. 
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B. BESS Energy Capacity Determination 
In the proposed dispatch scheme, the larger the BESS energy 

capacity, the fewer the charge/discharge cycles, the longer the 
BESS lifetime, the higher the maintenance & operation costs 
[13]. In this paper, we determine the optimal BESS energy 
capacity by performing long-term economic analysis of dif-
ferent BESSs based on historical data. The optimal BESS en-
ergy capacity is selected as one which maximizes net present 
value (NPV) [20] [21]. For simplicity, in this paper, we only 
consider the battery related costs. More factors can be inte-
grated easily if required, such as inverter/rectifier investment 
cost, land acquisition cost, and etc.  
1) Cost 

The costs of wind farm include two parts, 
• Discounted present costs of future costs of replacing the 

battery [20]. The acquisition cost of the batteries will increase in 
accordance with general inflation g. The discounted present 
costs of future costs for the replacement of the batteries is cal-
culated as 

( )
( )

_

_ _
1

1
1

BESSrep BESS

BESS

i LTN

r BESS pur BESS iLT
i

g
NPC C

I

⋅

=

+
=

+
∑              (16) 

where, _rep BESSN  is obtained as Eq. (17). 

_ intrep BESS
BESS

YN
LT

 
=  

 
                         (17) 

• Discounted present costs of future costs of operation and 
maintenance (O&M) of batteries through the simulation period 
[20]. 

( )
( )& _ & _

1

1
1

yY

O M BESS O M BESS y
y

g
NPC C

I=

+
=

+
∑               (18) 

2) Income 
In this study, we assume that the power generated by wind 

farm will be sold back to grid at a fixed procumbent price. The 
income consists of two parts, 

• Discounted present values of the income by the sale of 
electricity generated by the wind farm. 

( )
( )_ _

1

1
1

yY

sale power power wf yr y
y

g
NPV PR E

I=

+
=

+
∑               (19) 

• Discounted present values of income for residual value of 
the battery at the end of simulation period [20], which is pro-
portional to the remaining lifespan of the battery. 

( )
( )_

1
1

1

y
rep BESS

res pur BESS y

N LT g
NPV C

Y I
+ 

= − 
+ 

            (20) 

3) Net Present Value 
The NPV of the wind farm is calculated by Eq. (21). 

_ _ & _sale power res r BESS O M BESSNPV NPV NPV NPC NPC= + − −  (21) 
4) Battery Lifetime Calculation 

In this paper, the average equivalent full cycles method is 
used to calculate the lifetime of BESS [21]. This method esti-
mates the battery lifetime through cycles to failure. Using this 
method, the equivalent full cycles is defined as the number of 
cycles to failure multiplied by the depth of discharge of BESS. 
The average of equivalent full cycles is the value that is used to 
calculate the life of batteries. 

V. SIMULATION STUDY 
In this study, the Li-ion battery is selected due to its better 

performance when compared with other types of batteries [21]. 
The parameters in the simulation are given in Table I. 

TABLE I 
SIMULATION PARAMETER SETTING 

BESS Operational Limits 
SOC upper limit (%) 80 
SOC lower limit (%) 20 

Initial SOC of BESS (%) 80 
Wind Power Forecast Error Fitting 

Number of bins 50 
p1 0.1 
p2 0.1 

L0 (%) 4 
Wind Farm NPV Calculation 

Cpur BESS 120 
CO&M_BESS 2 

PRpower 0.5 
g 2 
I 4 
Y 20 

Equivalent Full Cycles 1200 
Short-Term Dispatch 

Dispatch Horizon (hour) 24 
Smooth Interval (minute) 60 

 

C. Tested Wind Farm 
The historical data of a wind farm consisting of 30 Vestas 

V52 850 kW wind turbines is used in the case study [18]. The 
installed power capacity of this wind farm is 25.5 MW. The 
cut-in, cut-out, and rated speeds of this type of turbine are 4 m/s, 
25 m/s, and 17 m/s, respectively. The wind speed distribution 
and Weibull fitting are shown in Fig. 4. 
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Fig. 4. Wind speed distribution and Weibull fitting 
 

D. BESS Power Capacity Determination 
To determine the BESS power capacity, the distribution of 

wind power forecast error should be fitted in advance. The fitted 
beta distributions of random selected ten different bins and the 
total forecasted error distribution are shown in Figs. 5 and 6. 
Then, according to Eq. (8), the minimum BESS power capacity 
for the studied wind farm is determined as 4.9 MW, which is 
about 19% of the installed power capacity. Therefore, for 
practical applications, the power capacity is chosen as 5 MW. 
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Fig. 5. Approximated Beta distribution of 10 random selected bins 
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Fig. 6. Approximated Beta distribution of the total wind power forecast errors 
 

E. BESS Energy Capacity Determination 
The choices of 5 MW power capacity BESSs in the market is 

limited. According to DOE global energy storage database, four 
different power/energy ratios are selected [22]. To namely, 2 
hours, 3 hours, 4 hours, and 6 hours, which are shown in Table 
II. Based on the historical wind data and Eq. (10), the NPV over 
20 years are evaluated for each option in TABLE II. The results 
are shown in Fig. 7. The BESS with [5 MW, 20 MWh] is finally 
selected for the tested wind farm. 

TABLE II 
TYPICAL POWER/ENERGY RATIOS OF LI-ION BESS 

Company Power/Energy Ratio 
BYD Auto 6 hours 

ATL 4 hours 
Aviation 3 hours 

Wangxiang 2 hours 
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Fig. 7. Wind farm NPV comparison of different BESS energy capacities 
 

F. Short-Term Dispatch 
Three case studies are applied to evaluate the performance of 

the proposed strategy. The first case represents the ideal sce-
nario where the normal wind power forecast is the same as the 
actual wind power. The other two cases represent the scenarios 
where the forecast wind power significantly deviates from the 

actual wind power series. In all these three cases, the proposed 
scheme is compared with the single referenced power scheme 
where the BESS is used to compensate the wind farm referenced 
power directly. A fluctuation degree value (FDV) in Eq. (22) is 
applied to evaluate the fluctuation degree of wind farm power 
output. 

( )2

1

T
t t

wf ref
t

FDV P P
=

= −∑                            (22) 

1) Case1 
In this case, the actual wind power is the same as the normal 

forecasted wind power. The three different forecast scenarios 
are shown in Fig. 8. The referenced and actual wind farm output 
profiles are shown in Fig. 9. 
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Fig. 8. Three day-ahead wind power generation forecast scenarios of case 1 
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Fig. 9. Wind farm power outputs under the proposed scheme of case 1 
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Actual Wind Farm Output (MW)

Total Output: 49.26MWh
FDV: 24.79

 
Fig. 10. Wind farm power outputs under single referenced scheme of case 1 
 

For comparison purposes, the wind farm output under single 
referenced power scheme is shown in Fig. 10. We observe the 
SOC profiles under both schemes, which are shown in Fig. 11. 
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Fig. 11. SOC profiles under the proposed scheme (left) and single referenced 
power scheme (right) of case 1 
 

The FDVs of both schemes are nearly the same, with 23.19 
and 24.79, respectively. Under the proposed scheme, the wind 
farm produces more energy than the single referenced power 
scheme (55.18 MWh vs. 49.26 MWh). This is because the 
proposed scheme utilized the initial pre-stored energy by dis-
charging the battery and raising the wind farm referenced power 
output firstly. The single referenced power scheme does not use 
the pre-stored energy and the SOC dramatically fluctuates be-
tween approximately 69% and 81%. Also, it can be seen the 
SOC profile of the BESS under the proposed scheme follows a 
regular charging/discharging with some minor fluctuations. 
2) Case2 

Case 2 represents the scenario where the wind generation is 
overestimated. The forecasted and actual wind power data are 
shown in Fig. 12. The dispatch results of the proposed scheme 
and single referenced power scheme are shown in Figs. 13, 14 
and 15. 
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Fig. 12. Three day-ahead wind power generation forecast scenarios of case 2 
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Total Energy Production: 56.49MWh
FDV: 74.3

 
Fig. 13. Wind farm power outputs under the proposed scheme of case 2 
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Actual Wind Farm Output (MW)

Total Energy Production: 53.46MWh
FDV: 119.4

 
Fig. 14. Wind farm power outputs under single referenced scheme of case 2 
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Fig. 15. SOC profiles under the proposed scheme (left) and single referenced 
power scheme (right) of case 2 
 

Under the proposed scheme, the total output (56.49 MWh) is 
just slightly less than that of the single referenced power scheme 
(53.46 MWh). This is because when the battery discharges until 
its SOC lower limit, the wind farm switches to the lower level 
output mode until the end of the dispatch horizon. Also, it can be 
clearly seen that, the proposed scheme stabilizes the wind farm 
output significantly, with FDV values are 74.3 and 119.4. The 
SOC profiles show that under the single referenced power 
scheme, the battery exhausted after about 8 hours and then out 
of service. While under the proposed scheme, the battery keeps 
serving to compensate the wind farm output fluctuations. 
3) Case3 

The forecasted and actual wind power data are shown in Fig. 
16, where the wind generation is underestimated. The dispatch 
results of the proposed scheme and single referenced power 
scheme are shown in Figs. 17, 18 and 19. 
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Fig. 16. Three day-ahead wind power generation forecast scenarios of case 3 
 

The wind farm under the proposed scheme generated more 
energy than the single referenced power scheme, (57.27 MWh 
vs. 48.22 MWh). The FDV of the wind farm under the proposed 
scheme is just 5.06, while that under the single referenced 
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power scheme is 87.83. This indicates that under the proposed 
scheme, the output of wind farm exactly follows the referenced 
output. The SOC profiles indicate that under the proposed 
scheme, the battery is kept being discharged; under the single 
referenced power scheme, the battery is disabled from being 
further charged beyond SOC upper limits most of the time. 
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Fig. 17. Wind farm power outputs under the proposed scheme of case 3 
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Referenced Wind Farm Output (MW)
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Actual Wind Farm Output (MW)

Total Energy Production: 48.22MWh
FDV: 87.83

 
Fig. 18. Wind farm power outputs under single referenced scheme of case 3 
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Fig. 19. SOC profiles under the proposed scheme (left) and single referenced 
power scheme (right) of case 3 
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Fig. 20. Charge/discharge cycles comparison of both dispatch schemes 
 

It is worth noting that the simulation results clearly show that 
the number of BESS charge/discharge cycles under the pro-
posed scheme is much less than that of the single referenced 
power scheme. The comparison of the counted charge/discharge 
cycles of both schemes is shown in Fig. 20. In case 2, the 

number of BESS charge/discharge cycles under the proposed 
scheme is slightly larger, this is because in the single referenced 
power scheme, the BESS is kept being discharged and finally 
exhausted. After that, there is no further charge/discharge ac-
tions are performed on the BESS. However, case 1 and case 2 
requires fewer charge/discharge cycles in the proposed scheme. 

VI. CONCLUSIONS 
A novel coordinated operational dispatch scheme for BESS- 

wind farm with is proposed in this paper. By changing the ref-
erenced wind farm power output between optimistic and pes-
simistic forecasted scenarios, this scheme can better mitigate the 
fluctuation and stochastic nature of wind resources. The BESS 
capacity determination issue is also addressed in this paper 
based on historical wind data. The optimal power capacity of 
the BESS is determined based on fitting the statistical analysis 
of wind power forecast errors distributions, and the optimal 
BESS energy capacity is determined by calculating the NPV 
with different energy capacities. Three cases are designed for 
the short-term dispatch. The simulation results prove the effi-
ciency of the proposed scheme. 
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