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Abstract—Renewable energy such as wind power and 

other types enables opportunities to provide major 

contributions to energy security and reduction of the 

environment pollution. This work focus on (10MW) wind 

turbines connecting to Tobruk steam power station, to 

contribute to load supply during steady state operation 

and supply the power station during starting up and 

blackouts. Although the connection of the wind turbines to 

the power system network is useful but need control 

technique thus this paper proposes control that system 

controls power flow in the grid-connected mode of 

operation, maintains voltage and frequency of the wind 

turbines within acceptable operating limits  when they 

island, and resynchronizes them with the network before 

reconnecting them. More over the central controller has a 

facility of loss of main protection technique to isolate the 

wind turbines when loss of main generators is detected. 

The study has been implemented and tested using power 

system computer aided design (PSCAD). The results 

showed that this connection will have a good effect on the 

station operation during steady state and up normal 

conditions. 

 

Key Words— Control of Wind-turbines, Tobruk power 

station, ,  PSCAD software. 

 INTRODUCTION I.

ENEWABLE energy sources like wind, fuel cell, solar, 

biogas/biomass, tidal, geothermal, etc. are clean and 

abundantly available in nature [1]. Among those the wind 

energy (WE) has the huge potential of becoming a major 

source of renewable energy for this modern world. Wind 

power is a clean, emissions-free power generation technology. 

Like all renewable sources it is based on capturing the energy 

from natural forces and has none of the polluting effects 

associated with ‘conventional’ fuels [2]. Wind turbines 

capture energy from the wind and transform this energy into 

electrical energy by conventional rotating generators. Wind is 

a highly variable resource that cannot be stored and wind 
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energy conversion systems must be operated accordingly. 

Windmills have been used since the 10th century A.D. and 

they were widely spread throughout Europe in the 18th 

century. Generation of electricity from windmills began in 

Germany, United States and Denmark. Individual units can 

range in size from a few kilowatts to ratings approaching 

5MW [3][4][5]. 

Wind energy is an important renewable source which is used 

for power generation for a stand-alone as well as grid 

connected applications loads are usually connected away from 

the grid some turbine manufacturers can be grid-

connected.[2]. Different types of generators are being used 

with wind machines can be accomplished by any one of 

synchronous generator or induction generator. The wind 

turbine can be used in two different ways as standalone system 

or grid connected system [6][7][8].Thus, in this work wind 

energy connecting with Tobruk steam power station has been 

selected. The connection of wind turbines, contribute to solve 

the problems that face the station during starting up and the 

blackout. The connection of wind turbines, choosing the 

location and the weather information are presented in this 

paper. Moreover the modeling and the connection of wind 

turbines is implemented and tested using power system 

computer aided design (PSCAD). 

 

 PROJECT DESIGN II.
As shown in Figure 1 the location of the project was selected 

on the hill that beside the Tobruk power plant. Thus the low 

cabling cost and there is no need to build substation because 

can be connected to  66 or 30KV substation available. In this 

project, to get the desired power level (10MW).wind turbines 

are 10 units with 1MW each connected to       66KV substation 

through power transformer 0.4/66 KV.   Figure.5 shows the 

connection of turbine units with Tobruk power station and the 

grid. Also the controller used to operate of the wind turbines is 

shown. 

 
Fig. 1 Location of the project 
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Also Table .1 shows the monthly variation of the average 

wind speed and average atmospheric pressure during year 

2018, the minimum value of average wind speed was in Jun 

and the maximum in Dec. [9][10] [11][12][13]. 

 
Tabl.1: The readings average wind speed - atmospheric pressure - the 

brightness of the sun. 

 

 CONTROLLER DESIGN  III.

In order to regulate power flow from wind turbines to the 

grid, the wind turbines should have a certain amount of 

control. The task of this control system is to control of the 

power flow in island as well as grid-connected modes. The 

location of the controller is shown in figure 2. 

A. Control Goal 

This control system must fulfil a number of tasks: 

 It needs to make it possible that new wind turbines  

can be added to the system without disturbing of its 

operation. 

 Controlling active power and reactive power 

 It must have facility to detect loss of main generation.   

 The wind turbines must be able to connect to or 

isolate themselves from the main network in a rapid 

and seamless fashion 

 Maintaining both voltage and frequency within the 

standard permissible. 

Synchronization after islanding 

B. Control Element 

Three control elements are distinguished 

 Central Management Controller (CMC) 

  Wind turbine Central Controller (WCC) 

 Central energy storage devices controller (CESC) 

 

1) Central Management Controller (CMC)  

The multi wind turbines should be controlled by a Central 

Management Controller (CMC) to be installed at the MV bus 

on the 66kv substation between the wind turbines and the 

power station. As can be seen in Figure 3 the function of CMC 

is controls power flow in the grid-connected mode of 

operation, enables voltage and frequency control when the 

wind turbines island, and resynchronizes the wind turbines 

with the utility before reconnecting them. This control system 

can respond fast, allowing the controlled wind turbines to 

transit smoothly between the grid-connected and islanding 

modes without disrupting the loads connected to them. In 

addition a simple loss of main algorithm and synchronizing 

algorithm are implemented in the control system. The function 

of loss of main technique is detects the loss of main grid and 

isolates the wind turbines from the system by sending signal to 

the circuit breaker when the main generation fails. However, 

the synchronization algorithm function compensates for the 

magnitude and angle differences between the wind turbine and 

grid voltage and checks the synchronization status, once the 

condition are satisfied it sends  signal to circuit breaker to 

reconnect the wind turbines. 
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Fig. 2.connection of wind turbines to the grid 

 

 
 

Fig.3.Block diagram of CMC and the direction of the output signals 
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a) Loss of main detection controller (LOMDC) 

The aim of effectively integration of wind turbines into 

distribution network inside the Tobruk power station, several 

requirements have to be met, such as voltage regulation, 

failure of key protection, and sustainability of wind turbines 

after related grid failures[14]. In this work, an islanding 

detection algorithm was developed. This algorithm is 

responsible for switching between grid and islanding by 

sending a signal to open the circuit breaker. 

 

A very simple loss of main protection scheme depending on 

rate of change of frequency (RCOOF) has been used to detect 

the loss of main grid when occurs. As shown in Figure 4 the 

relay block diagram consists of derivative, it function 

determines the rate at which the frequency of the system is 

changing (df/dt).The output value of the derivative (ROCOF) 

is compared with a preset threshold  value[-0.12 Hz/s], this 

reference value has been taken from [15] . If the ROCOF 

exceed the threshold value this mean the main generation is 

lost and the output will be logic true (1) , otherwise the output 

is logic false (0).  This out put will be the input of the OR 

logic gate, it’s out put   value is logic false (0), during steady 

state the output remains logic false (0). If the disturbance is 

detected the input of the OR gate becomes 1 and the output 

changes to logic true (1). This signal is sent to the circuit 

breaker to open the circuit. A selector switch allows circuit 

breaker B1 to remain closed or controlled by the failure of the 

main protection system and synchronous relay. When a utility 

fault occurs, the main circuit breaker between 66KV and 

220KV opens to isolate the wind turbines and utility grids 

within one a line frequency cycle. In the same time send 

signals to the 66KV substation controller to connect the loads 

in power station and other important loads within the capacity 

of wind turbines. 

 

  
Fig. 4 .loss of main relay block diagram 

 

b ) PQ Control 

1) Basic structure of the P controller  

As shown in Figure 5 during grid –connected mode the 

central controller sends signal to deactivate the two PI 

controllers the only the first PI is activated .The first PI 

controller would suffice to control the flow of active power by 

generating the proper values for δp  ,based on the instantaneous 

of current and voltage are taken from the inverter output 

terminal, as described in the following equations: 

cos. 00 VIPmeas                                     (1) 

Also   
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sin. 10
                                        (2) 

measP : measured active power 

1V : grid bus voltage; 0V : inverter terminal AC voltage 

1 : power angle of 1V ; 0 : power angle of 0V  

X : interconnecting reactance; p : angle difference  

between 0V  and 1V  

0I : inverter output current 

 : phase angle between 0.V and 0I  

From Eq. (4) if 0p   then the active power flow is zero, 

The transfer function PI controller is:  
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p  : proportional gain of PI controller  

 i  : integral time constant of PI controller which equal 





i

p



 where i  is  the integral gain 

In this test during grid mode the output active power of 

storage device is kept zero. 

 

  
Fig.5 .P controller for central energy storage device 

 

2) Basic structure of the Q controller  

As shown in Figure 6 during grid –connected mode the 

central controller sends signal to deactivate the two PI 

controllers the only the first PI is activated .The first PI 

controller would suffice to control the flow of reactive power 

by generating the proper values for V, based on the 

instantaneous of current and voltage are measured at the 

inverter output terminal, as described in the following 

equations: 
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The transfer function PI controller is: 
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Where    )()()( sQsQsE measrefQ                             (6) 

pV  : proportional gain of PI controller  

iV  :integral time constant of PI controller which equal 

iV

pV



 where iV  is  the integral gain 

measQ : measured reactive power 

The all PI controllers were tuned using Ziegler –Nichols 

Rules.The reactive power is determined by the magnitudes of 

0V  and 1V  as described in equation (7): 

  2
1 0 1 cos pV V V

Q
X


                                     (7) 

Where  Q : reactive power 

If 0 1V V  then the reactive power flow is zero because of 

the δ very small then the 1cos    

In this test during grid mode the output reactive power of 

storage device is kept zero 

 

 

  
Fig. 6 .Q controller for central energy storage device 

 

c) Frequency /Voltage control  

Voltage and frequency control concept was obtained from the 

active and reactive power equations (2), (7). Controlling the 

frequency is realized by controlling the active power P. the 

control of the voltage is provided by controlling the reactive 

power Q. 

1) Frequency controller 

The objective of the frequency control is to restore the 

frequency to its normal value. This is accomplished by 

moving the frequency-droop characteristic left or right to 

maintain the frequency at a constant value. During islanded 

mode the frequency control adjusts the output of the storage 

device to restore the frequency of the system to normal (e.g. 

50Hz). The System frequency is measured from a phase 

locked-loop (PLL), which operates based on three-phase 

terminal voltage. The implementation of Frequency control is 

shown in Figure 5 when islanded is detected by loss of main 

protection, the central controller send three signals at the same 

time one signal to open the circuit breaker and the other two 

signal to activate the second PI  controller in frequency 

controller and voltage controller blocks. The second PI 

compares the system frequency with a reference value (50 Hz) 

and restores the frequency of the wind turbines near the set 

value, by generating the proper value of active power. This 

value of active power becomes  the input reference value  of P 

controller. 

2) Voltage controller 

Similarly, the voltage control adjusts the voltage-droop 

characteristic left or right to maintain a constant voltage when 

the voltage of the wind turbines is changed. Thus, the voltage 

of the Wind turbines is fixed at a desired value (e.g. 1.0p.u).  

The implementation of voltage control is shown in Figure 6. 

When islanded is detected by loss of main protection, the 

controller receives signal from the central controller to 

activate the second PI controller. The second PI compares the 

bus voltage at the point of connection with a reference value 

(e.g. 1.0p.u) and restores the voltage at this point near the set 

value, by generating the proper value of reactive power ( inject 

or absorb). This value of reactive power becomes the input 

reference value of Q controller of the storage device. 

 

 EXPERIMENTAL WORK IV.

 

    The experimental work has been done using  power system 

aided design program PSCAD. The generators, transformers 

and wind turbines are modeled. Three types of test are done 

the first when wind turbines connected to the grid(0-10 sec), 

when  there  no supply from the grid (standalone mode) (10-20 

sec) and the last one wind turbines and the Tobruk power 

station reconnected to the grid (20-30 sec). 

  

a) Wind turbines in the grid connected mode  

The test verifies the active power and voltage regulation 

control strategies of the wind turbines when the system 

operates in grid mode. Assuming (time 0-10 sec) the wind 

turbines system to operate in grid connected mode in the 

normal operation when there are no faults in the network. The 

flowing Figures 7, 8,9 (time 0-10sec) illustrate the 

performance of the overall system control. Each wind turbine 

central controller (WCC) regulates the bus voltage of wind 

turbine within standard limits and maintains constant real 

power output from each wind turbine. The results show during 

grid mode the wind turbines work as one unit from the units in 

Tobruk power station. The output power from the wind 

turbines is about 8.4 MW and the production of the station 

about is 16.7MW. During grid connected the power consumed 

by the station auxiliaries is 1.95 MW, which is supplied by the 



  

120 
 

 Libyan Journal of Engineering Science and Technology (LJEST)   Vol.2,No 2. 2022  

station itself. The local load absorbed 6.8MW, the surplus 

power go the grid about 16.4MW. Also the voltages about 1 

perunit. 

b) Performance of wind turbines during Transition 

from Grid-Connected to Islanding Mode 

This test was done to evaluate the dynamic behaviour of the 

wind turbines during islanded mode. The evaluation includes 

disconnection from the upstream MV network (66KV) and 

load-following in islanded operation. At the occurrence of a 

fault, the protection equipments disconnect the wind turbines 

as a protective measure. In this case the assumption is that the 

fault occurred in the main grid caused loss of main generation. 

This event was detected by loss of main protection logarithm 

which is the part of the control system of wind turbines. Under 

this condition the loss of main protection send signal to the 

circuit breaker in the 66KV bus bar between the wind turbines 

and the grid to open the circuit as well as send signal to the 

central storage device controller to change the operation mode 

from grid mode to islanded mode (from PQ control to V/F 

control). As shown in Figures (time 10-20sec) the operation of 

the wind turbines seamlessly shifts from grid connected to 

island mode. The simulation results  show the constant real 

output and the change in reactive power output (for local 

voltage control) of the wind turbines when they transit from 

grid-connected to islanding mode. Also the local load and 

auxiliaries of the Tobruk steam power station is supplied by 

wind turbines during this stage.  after blackout the wind 

turbines feed the station during starting up  to operate water 

feed pumps, draft fans and  other auxiliaries also  the local 

loads.  Moreover Figures 9 (time 10-20sec) shows simulation 

results with the voltage control technique, in response to an 

abrupt change in load when wind turbines were operated in 

island mode. 

 

c) Performance of wind turbines during Transition from 

Islanding to Grid-Connected Mode  

This test was held to investigate the synchronization processes 

between the grid and the wind turbines. In the beginning of the 

test the wind turbines were disconnected from the main grid 

(islanded mode). The regulating process during which the 

voltage of wind turbines are synchronized with utility grid’s 

voltage is observed in the following figures.Before transfer 

from island mode to grid-connection mode , the grid voltage is 

inspected and verified to be within the acceptable limits as 

shown in Figure 9 (20-30 sec). Then, the controller allows the 

wind turbine voltage to get synchronized with the grid voltage 

at the ends of circuit breaker , the synchronizing switch starts 

synchronizing procedure  and sends signal to activate the two 

synchronization compensators  at 20sec. ynchronization is 

accomplished by aligning the three-phase space vectors of the 

two voltages. Synchronous relays ensure that the magnitude 

and phase angle of the voltage across the circuit breaker are 

locked before making the decision to signal the circuit breaker 

to close. Once the magnitude and phase angle of the terminal 

voltage are locked with that of the grid network, signal is 

given  to the circuit breaker. Figures 7,8 and 9 show the 

system after reconnection return to values before islanded 

mode.It was observed that there is difference in voltage 

magnitudes of the wind turbines system and the grid network 

during islanded mode .Obviously, the proposed controller 

successfully forces the voltage at the wind turbine end to track 

that of the utility end without any power oscillation.  
 

 

 
Fig. 7. Active power of Tobruk power station and Libyan grid. 

 

 
Fig.8.Reactive power of Tobruk power station and Libyan grid 

 

 
Fig.9. Voltage of Tobruk power station and Libyan grid. 

 

 CONCLUSION V.

The results showed that the connection of wind turbines to 

power stations is a solution to operate the auxiliaries and local 

load of the power station during starting up and blackout. Also 

during steady state operation the wind turbine increase the 

production of the station. Moreover the proposed controller 

controls power flow in the grid-connected mode of operation, 

enables voltage and frequency control when the micro grids 
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island, and resynchronizes the micro grids with the utility 

before reconnecting them. In addition the location of Tubruk 

power station is suitable for installing wind turbines, because 

the wind speed is reasonable and there is no need for electrical 

infrastructure. 
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