
 
 
    European Association for the  
Development of Renewable Energies,  
    Environment and Power Quality 
 

International Conference on Renewable Energies and 
Power Quality (ICREPQ’10) 

 
Granada (Spain), 23th to 25th March, 2010 

 

Grid manager design using Battery Energy Storage Systems in weak power 
systems with high penetration of wind energy 
A. Goikoetxea1, J. A. Barrena1, M. A. Rodríguez2, G. Abad1 

1 Faculty of Engineering, University of Mondragon, Loramendi 4, 20500 Mondragon, Spain, e-mail: 
a.goikoetxea@eps.mondragon.edu, jabarrena@eps.mondragon.edu, gabad@eps.mondragon.edu 

2 Ingeteam Transmission & Distribution, S.A., Protección y control de redes eléctricas – C/ Usausuaga, 7 Pol. 
Artunduaga48970 Basauri (Bizkaia) – Spain, e-mail: miguelangel.rodriguez@ingeteam.com 

Abstract: The increasing penetration of renewable energies is 
becoming a problem for the stability of the grid and the 
planning of electricity generation. The use of batteries in 
parallel to wind farms can be a very interesting issue in order to 
assure controlled power delivery of renewable energy sources. 
In this way wind energy can become in a predictable and even 
controllable energy resource. 

This article presents a proposition to design a grid manager for 
weak power systems with high penetration of wind energy 
using Battery Energy Storage Systems (BESS). Using power 
demand and wind predictions this system manager will send 
reference power to BESS and controllable generators. In this 
way the primary power reserve can be reduced and wind 
deviations will not affect to the performance of generators.  
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1. Introduction 

Historically one of the main problems of electricity 
generation is the necessity to meet the electricity demand 
instantaneously. Due to the impossibility to store large 
amounts of electricity the electric power production 
should be sized to meet the peak demand. In this way the 
relation between power production capacity and 
produced power is very low, around 40-50%. 

This low capacity factor of electrical grids is turning 
lower with the impact of renewable energies, such as 
solar and wind energy. Many times these renewable 
resources produce their peak power when the 
consumption is very low, while sometimes there is not 
any renewable power during peak consumption periods. 
By storing energy from variable resources, such as wind 
and solar power, electricity storage could provide firm 
generation from these units, allow the produced energy to 
be used more efficiently [1, 2]. 

The impact of load leveling on reducing transmission and 
distribution (T&D) losses it has been analyzed in recent 
years [3], these studies show that the capture of 
renewable production to deliver when transmission 
capacity is available, using electricity storage systems 
can improve the transmission capacity factor for 
renewable sources. 

The storage and latter delivery of renewable energy can 
be a very valuable solution in order to meet the demand 
of a certain area with the power consumption of this area. 
In this way the renewable could be fully consumed 
reducing the use of fossil fuels and the power 
transmission losses are reduced because the power is 
consumed on site. 

The use of batteries in parallel to wind farms has been 
analyzed in previous articles. The control of the Battery 
Energy Storage System (BESS) to control the active and 
reactive power supply of a wind farm [4], as well as the 
contribution of BESS to the relation between integration 
of wind farms and voltage stability limits [5] were 
analyzed. Also the possible economical benefits for a 
wind farm owner were analyzed [6]. 

Furthermore the power constancy of a wind farm can be a 
very interesting issue for grid operators, since 
uncertainties are reduced in order to plan the power 
production. Grid operators should assure several ancillary 
services and safe, secure and reliable operation of the 
interconnected power system [7]. In this way the constant 
power delivery of wind farm helps on the control of 
frequency, reducing the necessary power reserve in each 
moment. The primary power reserve is the reserve of 
generators to respond in the face of power variations, the 
need of this reserve increases due to the variability of 
wind power. In this context the owners of wind farms can 
negotiate a special contract if they are able to ensure 
constant power delivery in advance. 

The aim of this article is the specification of an operation 
algorithm for a grid manager for weak electrical grids, 
with high penetration of wind energy. The aims of the 
grid manager are the reduction of the primary power 
reserve and the optimal performance of the conventional 
generators using Battery Energy Storage Systems (BESS) 
in parallel to a wind farm, in order to reduce the 
uncertainty due to wind power variation. 

Depending on the prediction of wind and load demand 
the system manager will send references to the different 
generators and BESS every 10 minutes. The BESS will 
be controlled to absorb wind power variations and 
estimation errors. The required control algorithm in order 
to achieve this purpose will be designed. 
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2. Scenario for the study 

A weak simplified power system is analyzed with a 
single consumption node and several generation nodes, in 
order to analyze the contribution of a battery in parallel to 
a wind farm to reduce the primary power reserve. The 
power generation is composed by a main combined cycle 
power station, several diesel generators and a wind farm. 
The combined cycle power station has a nominal power 
of 10MW, the diesel generators have 10MW and the 
wind farm has 10MW of nominal power. A 2MW Battery 
Energy Storage System (BESS) is in parallel to the wind 
farm. 

In this scenario conventional (combined cycle and diesel) 
generators are able to meet the maximum power demand, 
in this way the power supply is assured even during 
periods without wind power production. 

A simplified electrical grid will be considered where all 
the elements are connected to the same node through 
impedance representing a line. The wind farm and BESS 
work as power station able to predict a constant power 
delivery for the next hour. In this way the primary power 
reserve is reduced to the uncertainty of the power 
demand. 

In this scenario the wind farm operator sends the 
information about the next hour power production of the 
wind farm and the grid operator sets the reference power 
for the conventional power sources, the primary power 
reserve of these generators will meet the difference 
between the real and predicted power demand. 

 

 
Figure 1: Scenario proposed for the study 

3. System modeling 

The system will be modeled to be analyzed using 
dynamic Power Flow Analysis. The power flow 
algorithm based on Backward-Forward Sweep method 
[8] is implemented in a Simulink function in order to 
analyze the power system. The system’s dynamic 
behavior will be analyzed regarding voltage and 
frequency profiles. 

A. Load 

In power flow simulations the load is a variable value of 
active and reactive power consumption (PQ node). The 

load demand curve given for a certain day in the Spanish 
electrical grid, with 10 minutes values, defines the load 
demand curve used for this analysis. 

The real load profile is proportional to this load demand, 
but adding two different standard deviations. On the one 
hand the common deviation due to the connection and 
disconnection of domestic load with a standard deviation 
of 10kW, on the other hand the deviation due to 
industrial loads or mistakes in other considerations with a 
standard deviation of 300kW. 

The former is created using random Gaussian error every 
simulation instant but filtered by a first order filter with a 
time constant of 2 seconds. The latter is also created by a 
random Gaussian error and a filter, but it is created every 
10 minutes and the time constant of the filter is 200 
seconds. 

The forecasted load demand profile for the system 
manager is based on the same load profile with a standard 
deviation of 100kW every ten minutes. 

B. Wind farm 

The wind farm will be considered as a variable value of 
active and reactive power, but with negative active 
power. The power production is dependent on the wind 
profile. The active and reactive power supplied by the 
wind farm will regard a look-up table with values of P 
and Q for certain wind speed and a first order input filter 
in order to simulate the kinetic/electrical energy 
transformation time constant (10 seconds). The wind 
power production starts from 4 m/s and the maximum 
power production is achieved with a wind speed of 12.5, 
the disconnection of the generator is necessary with a 
speed of 25 m/s. 

The wind profile is defined by real wind measurements 
of 10 minutes mean values and standard deviation, of 
Monte Oiz wind farm. The typical deviation and 
maximum deviation of the same measured wind are used 
in order to create the wind profile for the wind farm. The 
temporal wind profile series are created filtering these 
mean values and adding frequency components and white 
noise based on the standard deviation [9, 10]. The 
frequency components are considered for three blades 
wind turbines. 

The forecasted wind profile is quite precise for ten 
minutes predictions with a mean error of 0.198 m/s and a 
standard deviation of 0.181 m/s [11], in this case a 
random error with this standard distribution will be added 
to the measured mean values in order to simulate a 
predicted wind profile. 

C. Battery Electricity Storage System 

The BESS will be modeled also as a PQ node with 
controllable P and Q. The Q control loop will maintain 
the voltage constant, while the P control loop will absorb 
or deliver the necessary power to supply the constant 
power established for every 10 minutes period. The 
response of the BESS is modeled with a time constant of 
2 seconds. The maximum power output is 2MW. 

The battery technology that will be chosen should be fast 
enough to respond in few seconds to the variations of the 
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wind power generation. Regarding the largest BESS 
installations working in parallel to wind farms Vanadium 
Redox Flow batteries [12], valve-regulated lead-acid 
(VRLA) and Sodium Sulfur (NaS) [13] batteries are used 
in these kind of installations. 

D. Combined Cycle power station 

The combined cycle power station is modeled with the 
simplified model [14] shown in Figure 2. 
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Figure 2: Simplified model for a Combined Cycle generator 

The control of the generator is made by the governor 
shown in Figure 3. 
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Figure 3: Block diagram of the governor 

The power station will be considered as a single 
generator. 

E. Diesel power station 

The power station is composed by several diesel 
generators. Their dynamic behavior is taken into account 
in order to participate in the primary frequency 
regulation. In the dynamic power flow analysis the power 
station will be defined as a simplified with a Woodward 
governor, as shown in Figure 4 [15]. In this case 5 diesel 
generators of 2MW are considered. 
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Figure 4: Simplified model for a diesel generator 

4. Primary power reserve 

As the utilities must always ensure the balance between 
generation and consumption they have to hold power 
reserve for unexpected load ramps, unit breakdowns and 
lack of primary energy. Due to technical and economic 
restraints this power reserve is divided into primary, 

secondary, and long-term reserve according to its 
activation time [16]. 

In a power system with high penetration of wind power 
the primary power reserve should be sized to respond the 
deviations of load consumption and wind power 
generation. In a small power system these deviations can 
be a very important part of the total installed power. This 
primary reserve should be fast to avoid large frequency 
deviations. Using a battery to absorb the variations of 
wind power the primary power reserve can be reduced to 
respond only to load deviations. In this case the 
instantaneous variation of the load is under 100kW while 
the wind power variation can vary from maximum power 
production to zero in few seconds. Most of the 
instantaneous deviations of wind power are between 
±2MW, so using a battery of this size most of the 
disturbance produced by the wind farm may be avoided.  

Figure 5 shows the simulation of the system with and 
without battery. In the first graph are compared the wind 
power prediction and the real wind profile. In the second 
the real and forecasted load demand. While third and 
fourth graphs show the sharing of power generation with 
and without Battery Energy Storage System working in 
parallel to the wind farm, where Pdiesel, Pcc, Pwf and 
Pwf+bess are the power deliver of the diesel power 
station, Combined Cycle power station, wind farm and 
wind farm+BESS respectively. These graphs show that 
using a battery can be reduced the primary power reserve. 
But also that absorbing the power variations by the 
battery the performance of the different generators is 
improved working most of the time with nominal power. 
This makes the regulation of the system more 
predictable. 
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Figure 5: Comparison of the system behavior 

5. Operation strategy of the system 
manager 

The operation strategy should meet the power demand 
instantaneously using the active control devices of the 
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system. In this case they are the BESS, the combined 
cycle power plant and the diesel power plant. Using ten 
minute predictions of load demand and wind profile the 
system manager sets the control references for the diesel 
and combined cycle power plants for the next period (10 
minutes) k+1.  
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Figure 6: System manager 
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During each period the diesel power station changes its 
load reference in order to keep constant the frequency. 
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The operation of the BESS aims to control the active 
power output in order to keep it constant during each 
period of ten minutes 

6. Power Flow Analysis 

The previously mentioned Power Flow algorithm, 
implemented in a Simulink function, calculates the load 
flows through the different lines and nodes of the system, 
every simulation step. The inputs of this function are the 
instantaneous power values of the different generators 
and the load demand. The outputs of the function are the 
voltage values at the nodes and the power losses through 
the lines. The sum of the different power inputs and the 
line losses is divided by the total inertia of the different 
generators to calculate the differential of the frequency. 
The integral of this value gives the frequency variation 
each simulation step.  

Figure 7 shows 4 hours simulation from 10:00 to 14:00. 
In the first graph the predicted and real wind power for 
this period are shown, while in the second the real and 
predicted load demand profiles are shown. In the third 
graph are shown the power outputs of the different 
generators, considering the Wind Farm+BESS as a single 
generator. The fourth graph shows the State of Charge of 
the BESS. In this simulation the aim of the BESS is to 
absorb the variations of wind power.  

Figure 8 shows the simulation of the same period but in 
this case the BESS stores energy from 00:00 to 12:00, to 
supply from 12:00 to 00:00. In these conditions 1MW is 
used to charge/discharge the battery. For these two cases 
the BESS technology could be different. For the first case 
Regenesys batteries or Flywheels can be used while for 
the second case a NaS battery system could be 
appropriate [13]. 
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Figure 7: Power Flow simulations, case I 
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Figure 8: Power Flow simulations, Case II 

7. Conclusions 

The contribution of a BESS in parallel to a wind farm is a 
suitable solution in order to supply a predictable energy 
source. This solution can attenuate one of the main 
handicaps of wind energy, the strong variability. The 
wind power supply is still variable but the use of BESS 
gives the chance to plan the share of power generation in 
advance. 

This is a very interesting solution for Grid Operators to 
reduce the Primary Power Reserve and also to plan the 
working conditions of the different generators in order to 
work in optimal conditions improving the performance of 
each generator. 

Batteries or other storage devices together with variable 
loads will become mandatory to increase the penetration 
of renewable energies up to limits that nowadays are 
impossible to cover. 
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