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Abstract- The wind farm energy injection in the electrical grid generates the economic and technical challenges which must to 

be solved for successful large scale wind energy integration in electrical grids. Due to wind speed variations, the wind farm 

output power presents the fluctuating components which are not compatible to the electrical grid requirements. Today, this 

problem is a major challenge with the wind farm projects increasing in the world. Large power variations cause the deviations 

of rms voltage and the frequency compared to nominal values in point of the coupling. These deviations cause generally the 

protective equipment activation which causes a disconnection of wind farms from the grid. To avoid these problems, the 

electrical grid managers use the grid code requirements to regulate the wind energy injection process in the grid. Using energy 

storage devices such as a lithium battery or ultracapacitors to compensate the power fluctuations from wind farm is an 

interesting solution.  This paper deals this issue to improve the injected energy in electrical grid by the wind farm using lithium 

battery. Proposed approach allows compensating the wind energy fluctuations, so that the energy destined to electrical grid 

becomes compatible to electrical grid code requirements. Studied system configuration includes a wind farm with rated power 

of 300MW, a lithium battery module with a maximum power of 30MW and electrical grid. Lithium battery is connected to 

grid through an inverter and the power fluctuations from wind farm are assigned to battery. To show the performances of the 

control strategy, some simulation results are presented and analyzed using Matlab/SimPowerSystem software. 

Keywords Offshore wind farm, power fluctuation, power smoothing control, energy storage unit. 

 

1. Introduction 

Although advantages of wind energy in terms of 

ecological issue are significant, the technical challenges to 

integrate the energy from wind farms in electrical grids are 

major. The impact of wind speed variations on the electrical 

grid performances are the source for many technical issues 

which must be compensated to increase a development of 

wind farms connected to grid. In the case of large scale wind 

farm integration, power fluctuations can cause electrical grid 

performances degradation in point of coupling, such as the 

deviations of voltage and frequency compared to rated 

values. In more, the random behavior of wind speed causes 

the difficulties in power system operation planning and 

optimal control of the system. Frequency and voltage 

variations can also be significant in cases when wind turbines 

are connected to an electrical grid [1]. In other terms, the 

main characteristics of wind power that must be analyzed to 

understand their impact on the conduct and stability of the 

electrical grid are the fluctuations and uncertainty on 

production. The unpredictable nature of wind induces an 

uncertainty in wind generation. 

Due to these problems associated to wind energy 

integration in grid, the electrical grid managers have 

developed the technical requirements implemented in “grid-

code” which must to be respected for wind farm connection 

to grid [2]. In [3], the standard deviation of forecasts / 

achievements in France is 3% to maturity of one hour and 7% 

to maturity of 72 hours, which is quite satisfactory for the 

control of the supply-demand balance. This result can be 

better for the case of offshore, because the wind is less 
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turbulent, [4], [5]. For the fluctuating nature of wind 

generation, the rate of production beyond which the output 

fluctuations become very complex to manage, is estimated 

about 30% of the total power of the electrical grid, [6]. These 

fluctuations have a threshold imposed by electrical grid 

managers in the grid codes, [7] and [8]. In 2013, wind power 

has reached a critical size in relation to the total power in 

three European countries [9]. In Denmark; the installed 

capacity is 3.1 GW, which presents 24.4% of the total 

capacity of the power grid.  In Germany, the installed 

capacity is 20 GW; or 14.8% of total electrical grid capacity. 

In Spain, the installed capacity is 11 GW corresponding to 

14.1% of the total capacity of the power grid. 

To avoid the slowing or limit the rate of integration of 

wind power into the grid. The integration of storage units to 

absorb the fluctuations of the power produced by an offshore 

wind farm is an appropriate solution; this is due to 

technological advances in the field of storage. The objective 

of this paper is to determine the storage units which must to 

be associated with the offshore wind farm to smooth the 

power injected to the grid. The first step of this study is the 

classification of storage units according the performances that 

can bring to the wind farm to improve the quality of injected 

energy in grid. The second step is to define a methodology to 

facilitate the choice of storage units. The third stage is 

devoted to developing the models and control algorithms for 

system energy management. 

2. Energy storage devices classification based on their 

performances 

Table 1. Energy storage devices classification according to 

services that can offer to the wind farm applications.  

 

There are many storage devices in market, but their 

effectiveness depends on the conditions of exploitation and 

implementation ease. The classification of energy storage for 

renewable energy applications in general, and in the wind 

energy sector in particular, is an essential step. This 

classification according to their performances facilitates the 

choice of energy storage device which must be used to 

mitigate the wind farm energy fluctuations. The classification 

of energy storage devices according to the services that can 

offer to wind farms are shown in Table 1 [10]. 

This classification is based on the intermittent nature of 

wind power, the grid code requirements and the role of 

energy storage devices in the goal to consider the wind farm 

as a conventional energy source. For example, an association 

of long-term energy storage devices or that of medium term 

with the wind farm can reduce the forecasting error impact 

for wind generation, so increasing its rate of integration to the 

grid and minimize the penalties. The energy storage devices 

which are more adapted for this mission are: the flywheel, the 

superconducting, the ultracapacitors and the batteries. 

3. Wind distribution modeling for wind farm 

A critical point in the wind farm study is the wind 

distribution modeling in wind farm [11]. Many models have 

been developed in order to get his actual behavior, but these 

models are complex, [12] and [13]. The proposed model in 

this paper takes into account the inequality reparation of the 

wind speed in the wind farm. This distribution is due to 

strong interactions between wind speed and turbines 

positioned in first sectors in direction of wind speed. These 

interactions cause wake effects which are considered in the 

proposed model. In [14] and [15], a simplified representation 

of wake effect is presented. In this last one, the speed of the 

wind diminished about 2-4% after each row/column of the 

farm. The same approach is used in proposed model for wind 

distribution in wind farm. Also, to reflect the wind speed 

delay in the spread between the wind turbines, a delay 

function is added in wind speed model. 

In [16] and [6], the authors have shown that when the 

wind direction is perpendicular to the lines of the wind farm, 

the produced power from wind farm presents more 

fluctuations. This worst case is considered with an 

assumption that the wind speed is same for all wind turbines 

positioned in same line. The wind speed model for i line is 

presented in (1), where dti is the delay function, and dsi 

presents the wake effect. These parameters depend on the 

wind farm configuration. This configuration is fashioned so 

as to maximize production and minimize the turbulence 

caused by the downstream turbines to in those upstream. 

)1()(1 iii dsdttvv                                (1)                                                        

For this raison, an optimum distance between wind 

turbines is necessary as described in [12] and [17]. This 

distance is about 7 times of wind turbine’s diameter. 

Figure 1 shows the configuration of the wind farm with 

power rated of 300MW. This power is produced from 60 

Permanent Magnet Synchronous Generators (PMSG) linked 

to turbines. These generators are distributed in 10 lines, and 

each line includes 6 wind turbines which are in the same 

sector and submitted to similar wind speed. 
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Fig. 1. Wind turbines positions in offshore wind farm. 

The power produced by wind farm is the sum of the 

contributions of all turbines. These contributions are related 

to wind speeds profiles applied to each turbine. For this 

raison, it is necessary to calculate dti and dsi parameters as 

expressions in (2) and (3), respectively. 

i
v

D
dt

mean

i 



1

7
                                          (2)    (2)  

ibdsi                                                      (3) 

In these equations, v1mean is the average value of the wind 

speed for first line (i=1), D presents the wind turbine 

diameter, and b is between 2% and 4%. In this paper b is 

fixed to 2%. 

Using (2) and (3) in (1), the wind speed profile for each 

wind turbine can be estimated as presented in (4).     
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Total power generated by the wind farm is given by the 

following equation: 
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6.1. Wind speed model evaluation 

To evaluate the wind speed model, the wind speed profile 

for first line turbines presented in Fig.2 is used. Average 

value of this profile is about 10.05 m/s with the fluctuations 

of ± 15%. 
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Fig. 2. Wind speed profile V1 for first line turbines. 

The wind speed model evaluation approach is based on a 

comparison between wind farm power fluctuations with those 

extracted in real applications described in [18] and [19]. To 

quantify power fluctuations, used method is based on the 

spectrum analysis of powers plotted in Fig.3. The obtained 

specters from computed power (Pmodel) and reference ones 

(Pref) are illustrated in Fig.4. The comparison criterion is 

based on an analysis of Fluctuation Harmonic Content (FHC) 

parameter. This last one is same to Normalized Standard 

Deviation (NSD) of the power in time domain described in 

[6].  FHC parameter can be estimated using (6), where P0 is 

the produced power average value for 10 minutes, F presents 

the frequency interval.  In this equation P(f) correspond to 

spectrum analysis of power using Fast Fourier Transform 

(FFT).  
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Fig. 3. Computed power compared Pmodel to measured power 

in real application Pref. 
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Fig. 4. Spectrum analysis of computed power and reference 

ones. 
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The spectrum of each power is divided into three 

frequency domain: - First domain is based on low frequencies 

which are lower than 10 mHz. - The second concerns the 

medium frequencies which are between 10 to 300 mHz. -The 

last zone corresponds to high frequencies which are above 

300 mHz. FHC parameters estimated for Pref and Pmodel are 

summarized in Table 2. 

Table 2.  FHC parameters estimated for Pref and Pmodel 

frequency 

region 
f < 

0.01Hz 

f ϵ [0.01-

0.3Hz] 

f  > 

0.3Hz 

full 

region 

FHC of Pref 2.145 2.37 0.035 4.32 

FHC of 

Pmodel 

2.18 2.4 0.02 4.44 

 

Estimated values of FHC in each zone are same. The 

FHC values corresponding to high frequencies domain are 

negligible for two powers. For medium frequencies domain, 

FHC is about 2.37% for Pref, and 2.4% for Pmodel which 

presents a difference of 0.03%. In the case of low frequencies 

domain, the values of FHC are 2.145% for Pref, and 2.18% for 

Pmodel which correspond a difference of 0.035%. These 

differences are very small, it allows to validating the 

proposed distribution model of the wind speed for wind farm 

application. 

4. Energy quality compatibility problems between wind 

farm production and grid code requirements   

To show the wind farm power fluctuations impact on 

the electrical grid frequency, the system configuration 

presented in Fig.5 is studied. In this case, the offshore wind 

farm and a diesel power plant are connected to a purely 

resistive load, and the wind farm contribution is 20% of total 

production. The diesel unit includes an excited synchronous 

generator and diesel engine. The synchronous generator is 

modeled as a fifth-order model [20]. The diesel engine model 

is given in [21] and [22]. Used parameters in this simulation 

are given in the appendix section. 

 

Fig. 5. Studied system for wind farm power fluctuations 

impact on electrical grid frequency illustration. 

10 20 30 40 50 60
-0.02

0

0.02

0.04

Time  [s]


 P

G
1

 ,
 s

c
e
n

a
ri

o
 1

  
[p

u
]

 

 

 P
G1, scenario 1

 
Fig. 6. Diesel power plant contribution to control frequency. 
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Fig. 7. Frequency in the Bus 1 and Bus 2. 

Figure 6 shows the power supplied by the diesel plant to 

compensate the electrical grid’s frequency variations caused 

the offshore wind farm production. The grid frequency is 

kept constant at 50 Hz as illustrated in Fig.7.  This control is 

obtained by using the first reserve of power at the diesel 

plant, whereas the first reserve should be used to correct the 

gap between production and consumption to improve the 

electrical grid stability. To avoid these additional constraints 

for electrical grid, the wind farm contribution must be 

adapted to grid code requirements. In this paper, the 

requirements are focused on energy quality and power 

gradient (dP/dt)limit. These limits are fixed through electrical 

grid codes which are not same for all countries. For example, 

the power gradient limits fixed by electrical grid managers in 

Germany, Denmark and Nordic Grid Code are shown in 

Table 3. 

Table 3.  Power gradient limits extracted in [2], [7] and [8]. 

Grid code Power gradient (dP/dt)limit 

E-on,  Germany 10% of Pnom per  minute 

Eltra, Denmark 10-100% of Pnom per minute 

Nordic Grid Code 10% of Pnom per minute 

To verify if the power from wind farm is compatible to 

grid code requirement, the ratio expressed in (7) is used, 

where r presents 10% of rated power (0.5MW/s), and τr is the 

sampling time in [s]. 

r

prp tptp
r



 )()( 
                          (7)                                                                         

This equation is used to estimate the required power Pr 

profile for electrical grid using wind farm production Pp. The 

resulting profile which corresponds to grid code requirement 

is presented in Fig.8. 
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Fig. 8. Active power Pp and Pr. 
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Figure 8 shows that, the wind farm production Pp has 

more fluctuations compared to required power Pr for 

electrical grid. The difference between Pp and Pr must be 

compensated by energy storage device so that, the assigned 

energy to electrical grid becomes compatible to grid code 

requirements.  

  

5. Energy storage devices to smooth the wind farm 

production 

Used method to choose energy storage device for the 

wind farm production mitigation so that it becomes 

compatible to grid code requirements is based in two criteria. 

These last one including the dynamics of energy storage 

device (time response) ant the autonomy. The power 

reference destined to energy storage device is presented in 

Fig.9. This reference is obtained from the difference between 

Pr and Pp. 
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Fig. 9. Power reference for energy storage unit. 

The reference power profile given in Fig.9 is used to 

determine the most appropriate storage devices. The first step 

is to analyze the spectrum of this power, to determine the 

necessary dynamic of system. The second step is to locate the 

maximum power and maximum energy in profile. 

The spectral analysis of the power reference Pts-ref is 

illustrated in Fig.10. This spectrum allows highlighting the 

different dynamics or existing frequencies. These frequencies 

are compared with the frequencies which characterizing each 

energy storage unit given by Ragone plot illustrated in 

Fig.11. 
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Fig. 10. Energy storage device power reference spectrum 

analysis. 

According to spectral analysis, the majority of the 

harmonics have frequencies that correspond to those of the 

two zones, namely the low and medium frequencies. The 

average frequencies are below 0.01Hz, and low frequencies 

are included between 0.01 and 0.3 Hz. All storage units can 

be characterized by a relationship of energy-power type, this 

characteristic can be presented in Ragone diagram as shown 

in Fig.11 [23]. 

 

Fig. 11. Ragone diagram. 

The energy density and specific energy characterizes the 

ability of energy storage unit to store energy. The power 

density characterizes the ability to accumulate or make 

available instantly an amount of energy. This behavior allows 

to classified the energy storage units based, skills on the 

given time horizons, which corresponding to their Good 

Reaction Time (GRT) [24]. In Fig.11, the batteries have a 

GRT superior than 100s, for the majority of the batteries with 

an exception for few and lithium batteries which can work up 

to 3.6s. Flywheels, superconductors and supercapacitors have 

a GRT between one hundredth and one hundred seconds. 

Electrolyte capacitors or plastic film have a GRT between the 

micro and millisecond.  

The comparison between the existing frequencies in the 

power reference spectral and those characterize each storage 

unit shows that, four energy storage devices can be candidate, 

namely, the lithium-batteries, the supercapacitors, the 

flywheels and SMES. In order to make a choice among these 

technologies, the maximum power and energy in profile can 

be computed. 

The main variables which characterize the energy storage 

devices are the maximum power and the maximum energy 

which can be supplied by energy storage unit during the 

charge and discharge operations. On the curves of the 

reference power, the maximum power that the storage unit 

must provide is 30 MW and the maximum energy is 

computed using equation (8).  














   dtPE

t

refstrefst maxmax                            (8)                                                                                   

The computed maximum energy is 104.16kWh. Table 4 

summarizes the most recent three modules for storage 
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technologies and their energy characteristics with an 

exception for the large modules of the SMES which are not 

yet commercially available, [25]. Regarding the efficiency 

aspect, the lithium-batteries and supercapacitors are more 

advantageous than flywheels, however in terms of the life it 

is the opposite. In our analysis, the efficiency and life time 

aspects are secondary, because the considered criterions are 

focused on the power density and energy density for each 

energy storage devices. 

Table 4. Basic characteristics of storage units, [26] and [27]. 

Technology Efficiency 

% 

Lifetime Some modules 

available on the 

market 

lithium-ion 

Battery 

90-95 High 

nombres 

of 

cycles  

2MW/ 500 kWh, 

Source A123 

1MW /540kWh, 

Intensium® 

Max 20 de Saft  

Supercapacitor 90-95 10 years 1MW /2.3kWh. 

Unités SC 

modulaire 

Siemens Sitas 

SS   

flywheel 80-90 20 years 100kW/25kWh , 

150kW/12.5kWh 

Beacon Power, 

LLC 

To determine the number of modules for each energy 

storage device, two factors are defined as expressed in 

equations (9) and (10), where Pmod-max is the maximum power 

of the module and Emod-max presents the module maximum 

energy. 

maxmod

max






P

P
N

refst

P                                                   (9)                                                                                            

maxmod

max






E

E
N

refst

E                                              (10)                                                                                             

The first factor is the number of modules required to 

provide power Pst-ref-max   and the second factor is the number 

of modules required to provide energy Est-ref-max. Estimated 

values of Np and NE are given in Table 5. 

Table 5.  Values of NP and NE. 

 

Table 5 show that, using energy storage based on 

flywheel device needs 200 modules to satisfy the maximum 

power and 9 modules for maximum energy requirement. In 

the case of supercapacitors, the number of modules is 15 to 

provide power Pst-ref-max; and 45 modules for Energy Est-ref-max. 

The number of modules for lithium-ion batteries is 15 for 

power; and is 1 for energy. In summary to satisfy both 

constraints 200 modules of flywheels, or 45 modules of 

supercapacitors or 15 modules of lithium batteries are 

necessary. Therefore, the choice is to use lithium batteries, 

this choice is motivated in part by the reduced number of 

modules compared to supercapacitors and flywheel 

technologies. 

6. Energy management based on wind farm production 

smoothing 

Figure 12 shows the association of the batteries and wind 

farm in order to smooth the power fluctuations from to be 

compatible with that requested by the grid code. In the case 

of an offshore wind farm wind farm, the lithium-battery is 

used as illustrated in figure.  

 

Fig. 12. Lithium-battery integration in offshore wind farm 

6.1. Active and reactive power control loops in battery side  

The power reference for battery module is determined 

using equation (11), Pr-ref is the required power by electrical 

grid manager, and Pp is the available power in wind farm.   

prefrrefLi PPP  _                                           (11)                                                                                                                                                                                                       

The power reference estimation for battery module is 

shown in Fig.13. 

 

Fig. 13. Energy management between the wind park and the 

equivalent module. 

The battery’s power management strategy is illustrated in 

Fig.14. From the measured voltages and currents at the 

connection point Pcc, the active and reactive powers are 

computed. These powers are controlled using proportional-

integral regulators through two outer loops, and two inner 

loops are used to control the currents. To develop an 
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efficacious control of the power through dq axis currents (Idst 

and Iqst) control. The solution is to synchronize the Park 

transformation on grid voltage. Thus, when the system is in 

steady state, the direct component Vdst from the Park 

transformation is an image of the amplitude of the measured 

voltage of the grid, and the quadratic component Vqst is equal 

to zero. This synchronization is achieved by a phase locked 

loop (PLL) [28]. The model of the battery used is given in 

[29] and [30].   

6.1. Wind turbine and PMSG control strategies  

The wind turbine and PMSG control strategies are based 

on oriented vector control of stator voltages [28] and [31] as 

illustrated in Fig. 15. The first role of inverter presented in 

Fig. 16 is to maintain the DC-bus voltage at constant value. 

The second role is to control the reactive power exchanged 

with electrical grid. More information about the control 

strategy and PI controller parameters computation can be 

found in [28] and [31]. These control loops are same for all 

wind turbines in the wind farm. 

 

Fig. 14. Battery’s energy management. 

 

Fig. 15. Wind turbine and PMSG control strategies. 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
D.Ikni et al., Vol.5, No.4, 2015 

1056 
 

 

 

Fig. 16. Energy management method between wind farm and electrical grid. 

7. Results and Discussion 

The results shown below were obtained by the simulation of the association of the offshore wind farm and lithium-battery. 

The configuration of the studied system developed in Matlab Simpower system environment is presented in Fig.17. The 

simulation parameters are given in appendix section. 

  

Fig. 17. Studied system configuration.  
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Using the battery to smooth the power fluctuations is an 

interesting solution as shown in Fig.18, where the power 

injected into the grid follows perfectly its reference. 
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Fig. 18. Wind farm production Pp compared to injected 

power in grid Pr. 

Measured frequencies on Bus 1 and Bus 2 are 

maintained at their references (50Hz) as illustrated in Fig. 19.  

This is assured by the integrated control in the diesel power 

plant presented in Fig.17, the required power from diesel 

change according to frequency variations, where ΔPG1 

presented in Fig.20 is estimated from frequency control loop 

showed in appendix section.    
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Fig. 19. Frequencies in Bus 1 and Bus 2. 
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Fig. 20. Estimated power from the diesel generator frequency 

control. 

 

To highlight another major advantage of the battery 

module integration, a comparison between the estimated  

power  ΔPG1  from frequency control loop in cases using and 

without using battery are illustrated in Fig.21. In the case 

when the battery is used, the maximum value of estimated 

power ΔPG1 is about 0.005% of nominal power of the diesel 

power plant. If the battery module is not used, the maximum 

value is approximately 0.02% of nominal power of the diesel 

power plant. In other terms, the estimated power when the 

battery is used presents a low power compared to that 

estimated without the battery.  
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Fig. 21. Estimated power from the Diesel generator 

frequency control when the storage unit is used compared to 

without using battery. 

The wind farm produced power smoothing strategy 

consists to assign to lithium battery, the all fluctuations of 

wind generation that exceed the threshold of 10% of the rated 

power per minute (± 30MW/minute). The contribution of the 

battery based this control strategy is shown in Fig.22. In 

order to see that the lithium battery operates in adapted 

frequency domain, the lithium battery power spectrum is 

presented in Fig.23. According to spectral analysis, the 

existing dynamics are almost zero for the frequencies 

exceeding 0.27 Hz. This threshold corresponds to usually 

dynamic response domain of the lithium batteries. Based on 

these results the smoothing mission of wind production does 

not degrade the lithium batteries. 
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Fig. 22. Contribution of the lithium battery. 
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Fig. 23. Lithium battery power spectral analysis. 

Figure 24 shows the measured currents in AC Bus 2. It 

is observed that the injected current in the grid has fewer 

fluctuations compared to that produced by the wind farm, 

because the power fluctuations are mitigate by the battery. 

The zoomed section of the currents measured in AC-Bus 2 is 

plotted in Fig.25, where the frequency of the currents is 

about 50 Hz. 
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Fig. 24.  Ir  presents the injected current in the grid, Ip is the 

current from the wind farm, and ILi correspond to current of 

the lithium battery. 
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Fig.25.    Zoom of the currents in AC Bus2. 

The battery terminal voltage and current are respectively 

shown in Figures 26 and 27. That of the battery state of 

charge (SOC) is presented in Fig.28. The battery current 

presents the same fluctuations to that of the power as 

illustrated in Fig.22. This is logical because its voltage is 

constant despite changes in its state of charge. This result 

show the benefits of using DC / AC converter directly to 

connect the lithium battery to the grid without using classical 

DC / DC converters to control the DC–bus voltage applied to 

the inverter. 
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Fig. 26. Battery voltage. 
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Fig.27. Battery current. 
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Fig.28. Battery SOC. 
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8. Conclusion 

This paper presents the analysis of the storage unit’s 

contribution in the wind energy fluctuations compensation 

for injected power in electrical grid quality improvement. 

The goal of this analysis is to have a general idea about the 

ability of different storage technologies to smooth power 

fluctuations. The result of this analysis shows that there are 

four technologies of storage units that are candidates for this 

task; namely, the flywheels, the supercapacitors, the 

superconductors and the batteries. 

An adapted methodology for storage units choosing is 

proposed, where the results show that the lithium-Ion 

batteries are well suited for power smoothing mission. The 

results obtained with the lithium-Ion batteries confirm the 

performances of the battery to improve the quality of the 

power injected in the electrical grid, without the battery 

performances are not degraded.  

An additional advantage of using lithium batteries 

compared to other storage units is due to its high specific 

capacity. This not only helps to smooth the power but also to 

make other services such as improving the impact of poor 

forecasting. 
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Appendix  

Simulation parameters 

Wind farm parameters 

Symbol Value Name 

Pn 300 MW Nominal Power  

VWind Farm-output 225 kV Nominal Voltage 

Turbine parameters 

Symbol Value Name 

R 58 m Turbine blade radius 

Jtr 104 kg. m2 Inertia of wind turbine   

Cpmax          0.53 Maximum power coefficient 

λopt          6.89 Optimal tip speed ratio 

Nb    3 Number of blades 

PMSG parameters 

Symbol Value Name 

Pn 5 MW Nominal Power 

Jm 102 kg. m2 Inertia of PMSG 

Ωtr 13 rpm Rotor rated speed 

Rs 6.25 mΩ Stator resistance 

Ls 4.229 mH Self-inductance 

 
11Wb Permanent magnetic flux 

p 75 Number of pole pairs 

Vdc 5 kV DC bus voltage 

Electrical line parameters (Model PI) 

Symbol Value Name 

R1 0.0127 Ω/km Positive sequence 

resistance 

R0 0.384 Ω /km Zero sequence 

resistance 

L1 0.937 mH/km Positive sequence 

inductance 

L2 4.12 mH/km Zero sequence 

inductance 

C1 12.74 nF/km Positive sequence 

capacitance 

C2 7.75 nF/km Zero sequence 

capacitance 

f 50 Frequency 

 

 

 

http://www.beaconpower.com/
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAAahUKEwjIgZvxteLGAhUFVxQKHTwyCjk&url=http%3A%2F%2Fjournals.tubitak.gov.tr%2Felektrik%2F&ei=MRepVYilHYWuUbzkqMgD&usg=AFQjCNFUADMWvynYIk8f-VKRxRoWborDyw&bvm=bv.97949915,d.bGg
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Onshore and offshore transformer parameters 

Symbol Value Name 

Sn 400 MVA Nominal power 

R1 0.681 Ω Resistance for 

winding 1 

L1 4.12 mH Inductance for 

winding 1 

U1 33 kV Nominal voltage 

for winding 1 

R2 0.330 Ω Resistance for 

winding 2 

L2 0.718 mH Inductance for 

winding 2 

U2 225 kV Nominal voltage 

for winding 2 

Rm 77801 Ω Magnetization 

resistance 

Lm 206.37 H Magnetization 

inductance 

Lithium-Ion battery parameters 

Symbol Value Name 

En                           7.48kV Nominal Voltage 

RΩ                              0.2Ω Internal Resistance 

Ibat-nom -d             4.01kA Nominal Discharge 

Current 

Ibat-nom           1.002kAh Maximum Capacity 

Lithium-Ion battery transformer parameters 

Symbol Value Name 

Sn 40 MVA Nominal power 

R1 0.125 Ω Resistance for 

winding 1 

L1 0.612 mH Inductance for 

winding 1 

U1 36 kV Nominal voltage 

for winding 1 

R2 0.050 Ω Resistance for 

winding 2 

L2 0.3718 mH Inductance for 

winding 2 

U2 225 kV Nominal voltage 

for winding 2 

Rm 2410 Ω Magnetization 

resistance 

Lm 102.37 H Magnetization 

inductance 

Main parameters for diesel power plant (more detail in [32]) 

 

Symbol Value Name 

PSM-Nom                970 MVA Nominal Power 

Cos(φ) 0.988 Power Factor 

Vdisel-output 225 kV Nominal Voltage 

 (ΔPG1)max 10%  of 

(PSM-Nom  X Cos(φ)) 

Reserve Power 

(Primary control) 

Load parameters 

Symbol Value Name 

PLoad                1200 MW Nominal Power 

VLoad-output 225 kV Nominal Voltage 

Cos(φ) 1 Power Factor 

 

 

 

 


