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ABSTRACT 

In this paper, modeling and decentralize control principles of a MicroGrid (MG) whom equipped with three Distributed 
Generation (DG) systems (consist of: Solar Cell System (SCS), MicroTurbine System (MTS) and Wind Energy Con- 
version System (WECS)) is simulated. Three arrangement of load changing have investigated for the system. In first 
one the system doesn’t have transfer of power between MG and grid. In other two arrangements system have transfer of 
power between MG and utility grid. Of course in third case transfer of power between DG resources is considerable. 
Case study system is equipped by energy storage devices (battery bank) for each DG’s separately by means of increas- 
ing the MG reliability. For WECS and SCS, MPPT control and for MTS, voltage and frequency (V&F) controller has 
designed. The purpose of this paper is load respond in MG and storage process of surplus energy by consider of load 
changing. MATLAB/Simulink and its libraries (mainly the Sim Power Systems toolbox) were employed in order to 
develop a simulation platform suitable for identifying MG control requirements. This paper reported a control and op- 
eration of MG in network tension by applying a three phase fault. 
 
Keywords: Microgrid; Decentralize Control; Wind Energy Conversion System; Microturbine; Solar Cell 

1. Introduction 

Microgrid concept widely developed in countries such as 
USA, Canada, Japan and UK. It has been investigated 
and implemented [1,2]. The increase in researches due to 
benefits of this type of networks including provide the 
reliability and security of network and loads, high effi- 
ciency, environmentally friendly and self-healing [3]. In 
today’s power systems, very large problems including 
electricity production cost and also reduce of fossil fuel, 
on the other hand, the increasing pollution created from 
burning oil and gas and dramatically growth of demands 
has been increase the greenhouse gases in the air which 
is considered as a big threat for ozone layer. Because 
electricity costs much less and in some cases is zero (for 
DG Resources), so in today’s power systems used dis- 
tributed energy resources (e.g. wind and sun are free re- 
sources to generate electricity). Another advantage of 
smart grid which it should be mentioned is loss reduction 
caused by power transmission line. Because one of the 
goals in smart grids is producing power by distributed 
energy resources and removed the power plant as much 
as possible. So with this, the line power flowing and its 
corresponding losses can be reduced to acceptable level. 
In recent years, many researches about structure, control 
and implementation of smart grids has been worked in 
laboratories. Control of MG and performance of energy  

storages have close relationships, which in this paper 
have been reviewed. By energy storage MG control can 
be more easily and the system reliability can be increased. 
A MG is a connection of distributed energy resources 
like: wind energy conversion, microturbine, fuel cell, PV 
arrays, Combined Heat and Power (CHP) and energy 
saving factors such as flywheel, batteries or Uninterrup- 
table Power Supply (UPS) and power capacitors in low 
voltage power systems [4].  

Basic structure of a typical MG is shown and dis- 
cussed in [5].  

Here is assumed that distributed generation sources 
have the ability to respond the loads. After disappearing 
network fault, synchronization operation performed and 
isolated network connected to Utility Power Source again 
[6]. 

In reference [7] a very simple scheme of a MG with 
three DG resources has been studied. In the article that 
was published in 2010, there is no mention and have not 
been analyzed the: DG resources structure, controllers of 
each micro source, fault occurrence in the grid and reac- 
tion of MG against the sudden event and also transferred 
power between DG’s. 

Note that the decentralized control means that on each 
DG resources has been an independent controller and 
each of this resources performed control operations in- 
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dependently. May be the type of applied controller is 
different and even similar. Fault events that may lead to 
islanding of a distribution system are discussed in [8]. 
The work described in this paper regards the simulation 
and control of the MG equipped by three distributed en- 
ergy storage device and local loads. Used distributed 
generations in this paper are consists of: WECS, SCS 
(with MPPT control strategies), and MTS (with voltage 
and frequency control strategy). The robustness of the 
tested control strategies were studied for disturbances 
taking place in the utility network, followed by a forced 
islanding of the MG. Experimental tests for islanding and 
synchronization were presented in [9]. Islanding of the 
MG can take place by unplanned events like faults in the 
utility network or by planned actions like maintenance 
requirements. 

2. Structure of Distributed  
Generation Systems 

In Figure 1 the general structure of a micro-distribution 
network is shown. The input power producing by distrib- 
uted generation resources converted to electrical energy 
for network and load requirements. Control tasks are 
divided into two parts: 

1) Input-Side Controller: which should be possible to 
take the maximum power from the input source. Natu- 
rally, the protection of input side converter must be in 
considered. 

2) Grid-Side Controller: that can follow these tasks: a) 
Input active power control derived for network; b) Con- 
trol of the reactive power transferred between network 
and micro-grid; c) DC link voltage control; d) Synchro- 
nization of network; e) Assurance of power quality in- 
jected to the network. Generally the network controller  

position is VSI, which both amplitude and phase of the 
output voltage are controlled. All items listed above are 
the basic features for the grid-side controller that these 
converters should have. Studied network in this paper 
consists of two distributed generation sources, which is 
briefly explains their structure. 

3) Microgrids Internal Structure: According to given 
system studied in this article is including distribution 
generating resources of PV and MT. The structure of this 
two system and their relevant controlling parts are shown 
below. It is noteworthy that PV and Fuel Cell (FC) sys- 
tems have similar hardware structures [10,11]. 

3.1) Photovoltaic and FC systems: As previously noted 
the PV and FC hardware structure is similar. Although 
voltage or current by FC and PV is low, but by binding a 
set of them together can increase the production levels 
and also can increase or decrease the voltage level by 
using DC-DC converters such as boost converter for in- 
creasing the voltage level. 

Non-linear relationship between  obtain from the 
below equation [12]. 

-V I

ln SC pv o
pv S

o

I i MIN N
V R

MI

  
  

   pvi        (1) 

Which in it SCI  is short circuit current, o  
is re- 

verse saturation current, S

I
R  is series resistance and   

is constant factor which is depends on the type of materi- 
als used in cell.  

In this paper a silicon solar panel, ( ) has 
been used. Sample model is constructed by Iranian Opti- 
cal Fiber Fabrication Company (OFFC) that related table 
of its coefficients and parameters comes to Table A1 
[13]. 

1, 36M N 

According to related values Equation (1) is written as 
follows: 

 

 

Figure 1. Topology of smart systems control. 
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Non-linear characteristics of  and  are 
shown in Figure 2.
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,MP MPP V  are known as power and 

voltage of maximum power in  cell. These Curves 
are: 

PV

By changing temperature, the coefficients will changes 
[12]. Two samples of these changes are estimated in 
Equations 3-a (70˚C) and 3-b (−20˚C). 
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For displaying MPPT technique in  we act the 
way [14]: cell voltage with corresponding maximum 
power production by considering the open circuit voltage 
for different temperature show a dependency. 

PV

MPV MV OC                   (4) 

This equation shows MPPT technique which in it VM
 

called voltage factor that for OFFC its value considered 
0.71. This method for maximum power estimating is 
simple and fast.  

Equivalent circuit to  cell block shown in Figure 
3(a) which the related equation to non-linear  rela- 
tionship is placement. Also a delay function to limit the 
current of rapid response to voltage controlled source and 
to improving the convergence responses is used. 

PV
-V I

For VMPPT its related equivalent circuit shown in 
Figure 3(b). This block will calculate the open circuit 
voltage (By using SCI  and Equation (2)), then com- 
prised it with PV output voltage and produces the fire 
command for the PWM block. The delay shown here is 
the same reason as in Figure 3(a).  

Now we want to see the performance of this system in  
 

 

Figure 2. Non-linear characteristics of V-I and P-I. 

connected to the grid-connected mode and with applying 
a controller in AC part according to what is seen in Fig- 
ure 4. After increasing the voltage level by boost, we 
paralleled it by energy storage devices (That somehow 
we can call them UPS). We do this in order to increase 
reliability of system. Now it is necessary that DC voltage 
produced by inverter becomes AC. The purpose of the 
grid-side controller is to maintain DC link voltage at a 
constant value regardless production power range. 

Vector control in a rotating reference frame with the 
line voltage vector is used. The purpose in this controller 
is regulation of DC voltage and reactive power control. 
Using the Park conversions, voltage equations can be 
controlled to reference frame d-q. The idea of control is 
taken from [10].  

Figure 5 shows simulated model of grid-side control- 
ler. PI standard controllers are used in order to regulate 
the line current in rotational synchronous frame in inter- 
nal control loop and DC voltage in external loop. 

d  is active part of current and q  is reactive section 
on current. In order to obtain a transformation from ac- 
tive power, the value of current reference q  (reactive 
part) considered as zero. PLL used in figure is to syn- 
chronize converter frequency with main grid. It is as- 
sumed that the harmonics produced by switching is zero. 

i i

i

3. Structure And Mts Control Model 

Recently microturbines have been much attention be- 
cause of their small size, relative low cost, repair and cheap 
maintenance and relatively simple control. Different dy- 
namic models have been discussed for micro-turbines by 
Rowen, Hannet, Saha and Nern for combustion gas tur-
bine [15-17]. In 1993 mathematical method of gas tur-
bine by Rowen was developed [15]. While in 1993, 
Prime Mover Working Group by considering the control 
of speed, acceleration, fuel and temperature made this 
model wider [16]. MT used in this article is a small 
combustion turbine with an installed capacity 25 to 500 
KW and a high rotation speed (between 50,000 to 
120,000 rpm). This model includes the speed governor,  
 

 
(a) 

 
(b) 

Figure 3. Equivalent circuit of (a) PV cell (b) VMPPT. 
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Figure 4. SCS in grid-connected mode and applying grid-side controller. 
 

 

Figure 5. Equivalent circuit of grid-side controller. 
 
acceleration control block, fuel system control and tem- 
perature control. Single-shaft turbine model is considered. 
Power producer with a Permanent Magnet Synchronous 
Generator (PMSG) has two poles and smooth poles rotor. 
Because of high speed shaft, generators of an AC voltage 
source will be a high frequency (frequency angular 
higher than 100,000 rad/sec) [17]. Since turbines moves 
at high speed, so AC generator is a high-frequency gen- 
erator which cannot be directly coupled the AC network 
[18]. One way to model a system of distributed genera- 
tion MT, based on all classification system are three fol- 
lowing separate parts [19,20]: 

1) Module 1: mechanical system of turbine and fuel. 
2) Module 2: PMSG and AC/DC rectifier and energy 

storage devices.  
3) Module 3: AC/DC voltage source inverter, PWM 

controller. 
Mechanical Model and MT Control Functions: 
Based on Rowen and Hannet model, we examine the 

MT model. Dynamic equations of MTS in [15] are in- 
vestigated. 

According to the principle of energy conversion and 
ignore the inverter losses, total of instantaneous powers 
in output of AC terminal must be equal to the instant 
powers in dc terminal like. 

dc dc a a b b c cV I v i v i v i                (5) 

Which DCI  and DC

VSI simplified model shows in Figure 6(a). The in- 
verter which used in this essay is hysteresis model. 

V  are dc link voltage and current. 

Diagram block of V&F controlling model presented in 
Figure 6(b). 

refd  and 
refqV  are reference amounts. In 

order to have unit power factor, the amount of 
refq  is 

zero and 
refd  is 1 p.u. Voltage and frequency (V&F) 

control has to regulate the voltage value at the Point of 
Common Coupling (PCC) and also the frequency of the 
whole grid. 

V
V

V

Now MT model of distributed generation in grid- 
connected mode is shown in Figure 7. The produced 
frequency by inverter will have the equal amount of 50 
Hz corresponding to the network. 

LCL Filters in this paper is designed by the idea in 
21,22]. [ 
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(a)                                                     (b) 

Figure 6. Bolck diagram of MTS components; (a) VSI simplified model; (b) Diagram block of V&F controlling model. 
 

 

Figure 7. The general model of MTS in grid-connected mode. 
 

Conceptual and technical solution of MG is presented 
in [23,24]. 

4. Structure and WECS Control Model 

Electrical wind generators are the equipment who con- 
verts wind to electrical energy. Different types of gen- 
erators are used in wind turbines. For example small 
sized wind turbines are equipped by DC generators with 
capacity up to 90 kw (from 10 to 90). 

In wind turbines modern systems three phase AC gen- 
erators are customs [25].  

General kind of AC generators who are used in mod- 
ern wind turbines are: 

1) Squirrel Cage Induction Generator (SCIG) 
2) Wired Rotor Induction Generator (WRIG) 
3) DoubleFed Induction Generator (DFIG) 
4) Synchronous Generators with output excitation (SG) 
5) Permanent Magnet Synchronous Generator (PMSG) 
Synchronous Generator is a kind of generators who are 

used in some researches [26,27]. These generators could 
connect to wind turbine without any gearbox. These 
benefits are attractive by consider of maintenance and 
limited shelf life. Synchronous generators could to excite 
by electric or with permanent magnet rotor. By consid- 
ering the above reasons, used generator in this paper is 
kind of PMSG. 

5. Simulation of WECS 

This system is modeled by equations of wind turbine as  

could be seen in Equations below. In this paper a variable 
speed wind turbine is used. Wind speed 12 m/sec is con- 
sidered. The parameters value of PMSG is shown in Ta- 
ble A2. If the speed of wind was variable, WECS should 
be used the Buck/Boost converter. In this case the trigger 
signal should produce for two switches. This perform- 
ance cause to system be complicated. 

Equations for wind turbine are shown in below [28]. 

  30.5 ,m pP C A   wv              (6) 

 
5

2
1 3 4, e i

C

p
i

C
C C C C 

6C  



 

    
 

      (7) 

w

Rw

v
                     (8) 

3

1 1 0.035

0.08 1i   
 

 
            (9) 

Output mechanical power in watt is shown in Equation 
(6). In this equation,   air density in (kg/m3), Cp, per- 
formance coefficient, w  wind speed in m/sec, v  , tip 
speed ratio,  , pitch angle, A , turbine swept area. 

In Equation (7), the coefficients  to  are:  1C
5,C

6C
21C1 2 3 4 50.5176, 116, 0.4,C C C    

6 0.0068C
 and  

  [28]. 
In Equation (8),  is rotor radius in meter; w, angu- 

lar speed in rad/sec the output torque of wind turbine is 
input of used PMSG. 

R
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In order to acquiring the output maximum power in 
WECS, we use the MPPT algorithm Figure 8. 

Inverter’s in each DG’s are modeled base on  
SANTERNO products [29]. 

In this algorithm, the initial value adjusted for DC ref- 
erences voltage. Correspondingly, voltage and current 
will be measured. After the measurement, DC output 
power (Po) would be calculated. In next step, the refer- 
ence voltage ought to be altered as much as dc variations 

. By this way:  dcV 
   1ref ref dcV k V k V              (10) 

Then dc power will calculated with  
. If      dc dcP k V k I k    oP k P , the system out- 

put isn’t in maximum point, so accordingly the reference 
voltage have to rise a quantum of  and power 
should compare with earlier amount 

dcV
    1P k P k  . 

This process continued till receiving to maximum point. 

Now if     1P k P k  , the reference voltage should 
decrease. 

Value and parameters of boost model is shown in Ta- 
ble A3. 

In Figure 9 MPPT block of WECS is shown. This 
block should produce the trigger signal of switches in DC 
link for tracking the maximum power. 

In Figure 10(a) Torque-Speed characteristics of WT is 
shown. Note that all of curves are in 12 m/sec wind 
speed. 

As you see in Figure 10(b), maximum amount of po- 
wer coefficient in used turbine is 0.41 and 7.71  . 

As we said, output power of WT is 7100 watt that is 
shown in Figure 10(d). 

Produced torque of WT in system run time is 184 N.m. 
DC link Voltage in battery bank terminal is shown in 

Figure 10(e). Voltage ripple is small. But it regulate in 
243 volt. Battery bank capacity should be proportion to  

 

 

Figure 8. WECS MPPT flowchart. 
 

 

Figure 9. MPPT simulated block for WECS. 
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(a)                                               (b) 

   
(c)                                               (d) 

 
(e) 

Figure 10. Output of WECS; (a) Torque-speed characteristics of WT; (b) pC   curve of WT; (c) Changing of power coef-

ficient in time; (d) Produced mechanical power; (e) DC link Voltage in battery bank terminal. 
 
produced power and connected load to the system. This 
signal is input of three phase inverter. In Figure 11 grid- 
connected WECS is simulated. In t = 0.25 sec three 
phase fault (phase-phase) applied and the system goes to 
islanding mode. 

Figure 12 has shown the output voltages before/after 
LCL filter. 

6. Simulation 

As you see in Figure 13, each DG sources protect local 
(three-phase and balance) load, the considered load for 
MTS is 375 KVA, WECS is 7100 W and SCS load, 110 
W. Each DG sources is equipped with an energy storage 
device. Because if in specifics circumstances the produc- 
ers cut, storage resources can continue to support the 
loads. To review the islanding mode and fault manage-  

ment in this networks, 3 phase fault (phase-phase) ap- 
plied to system and breaker (Point of Common Coupling) 
in moments will stop applying the fault and load and DG 
sources goes to islanding mode. Output shown in this 
case shows that in this moment DG resources are respon- 
sive to load. When the network fault disappears, part of 
autonomous again can be connected to the utility grid. 
Some of the values required in the above system are 
given in Appendix. 

Simulation process is for three cases: 1) the case that 
load capacity and produced power are equal. Here the 
system doesn’t have any transfer of power between MG 
and utility grid. 2) The case that loads capacity is less 
than produced power. Here system has power transfer 
between grid and MG. 3) The case that MTS load capac- 
ity is less than its local load, SCS and WECS local loads 
are bigger than its produced capacity. Here the system   
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Figure 11. WECS in grid-connected mode. 
 

   
(a)                                                            (b) 

Figure 12. Output voltage of WECS (a) Before; (b) After LCL filter. 
 

 

Figure 13. Case study system. 
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has power transfer between MG and grid. Also transfer 
power between DG resources is considerable. 

Output curve of used PV system is shown in Figure 3. 
The points Corresponds to maximum power is shown in 
the figure. 

7. Simulation Result 

In this part simulated migrogrids result are displayed and 
investigates. First case: amount of produced power by 
each resources are equal with the loads toward each DG: 
in this case SL’s respond’s by each micro sources and we 
don’t have any power transfer between MG and grid. At t 
= 0.25 sec three phase fault applied to the system and 
breaker in PCC guide the system to islanding mode op- 
eration. In below curves the time before 0.25 sec is for 
grid-connected operation and after 0.25 sec is for island- 
ing mode. In first case NSL isn’t connected to grid or it 
can support by utility grid. Load capacities are equal to 
produce capacity. Waveforms of the system in this case  

are shown in figures below. 
In simulated system, SL’s are sensitive loads and NSL 

is non-sensitive load of system. 
By using simulation, produced power waveform of PV 

is as follows (Figure 14(a)). 
Three phase voltage of SCS is 32 v (Figure 14(b)). it 

means that MPPT process is done by the applied con- 
troller. 

In Figure 15 the voltage and current curves shows. In 
this case, the system can continue to stable operation and 
in islanding mode the loads could responds by DG 
sources. 

In Figure 16(b) total harmonic distortion in system 
output is shown. In the moment of t = 0.25 sec three 
phase fault applied. THD rise up to 2.035 percent (in 
fault time). 

It can be seen in Figure 17, the network can respond 
to loads and we don’t have any transferred power be- 
tween grid and MG. 

 

   
(a)                                                            (b) 

Figure 14. Output of SCS; (a) Pulled output power from the PV in DC link; (b) Three phase voltages of SCS. 
 

   
(a)                                                  (b) 

Figure 15. Voltage and current of line and loads (in p.u.); (a) Three phase voltage of line (in p.u.); (b) Line and loads three 
phase current (in p.u.) 
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(a)                                                      (b) 

Figure 16. Frequency and THD of system; (a) System frequency changing curve; (b) Total harmonic distortion in line voltage. 
 

   
(a)                                                      (b) 

   
(c)                                                      (d) 

Figure 17. Terminal voltage and current toward the MT; (a) Output voltage of MT system before LCL filter; (b) Output MT 
system after LCL filter; (c) Terminal voltage in the battery bank; (d) Current of shunt capacitor in DC link. 
 

Second case: non-sensitive load with 7130 watt capacity 
is connected to utility system. And sensitive loads are 
decrease by size 1130 w (SCS load 30 w, MTS load 1 kw, 
WECS load 100 w are decreases). We want to see and 
investigate the effect of these changes in the system. The 

outputs are like these: 
In Figure 18, level of energy storage will increase af- 

ter operation of breaker in PCC and fault occurrence time. 
Injected current to network by each DG’s are showed 

in Figure 19. In third case, the PV load rise up to 130 w 
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(30 w more than its nominal load) and WECS load rise 
up to 7200 w (100 w more than its nominal load and 
MTSs load decrease in amount of 1130 w. in this case 
NSL rise up to 7 kw (1 kw more than its first case). it 
showed that additional part of loads in the network sup- 
plies by MTS. Output of this case is showed in Figure 20. 

8. Conclusion 

In this paper a microgrid with three DG resources equi-  

pped by energy storage devices and grid side controllers 
has simulated. Control principles and modeling of the 
system has investigated. Output of the system displayed 
for three load arrangement. By means of showing load 
management and support of loads in developed systems, 
Fault management and control vision has showed. And 
energy storage operation in the moment of load respond 
and when loads have the changes has displayed. We use 
different controllers such as: MPPT controller (for SCS  

 

   
(a)                                                      (b) 

   
(c)                                                         (d) 

   
(e)                                                            (f) 

Figure 18. Storage operation in load changing condition; (a) Battery bank current of WECS in first case; (b) Battery bank 
current of WECS in second case; (c) Battery bank current of MTS in first case; (d) Battery bank current of MTS in second 
case; (e) Battery bank current of SCS in first case; (f) Battery bank current of SCS in second case. 
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(a)                                                (b) 

   
(c)                                                 (d) 

Figure 19. Second case injected current of DG’s for the grid-connected operation; (a) Transferred current between MG and grid 
in grid connected mode; (b) Injected current from MTS to grid; (c) Injected current from WECS to grid; (d) Injected current 
from SCS to grid. 
 

   
(a)                                                (b) 

   
(c)                                                (d) 

Figure 20. Third case injected current of DG’s for the grid-connected operation; (a) Injected current from MTS to WECS; (b) In- 
jected current from MTS to SCS; (c) Injected current from MTS to grid; (d) Injected current from MTS to WECS, SCS and grid. 
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and WECS) and V&F controller (for MTS) in order to 
research about decentralize control operation and show- 
ing the effect of this kind of control. In Grid-connected 
and islanding mode, additional product of DG resources 
have stored in battery banks. Of course it could be seen 
that in all conditions the system can continue to stable 
operation and loads are in good respond condition. 
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Appendix 

Carrier frequency in VMPPT PWM generator, 3000 Hz 
and in grid-side controller, 5000 Hz, boost converter pa- 
rameters: , 0.0034L H 0.00561C F . PI coefficients 
in grid-side controller: ,  

, , , ,  
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0.05
dcpV 

700 pIqK 
K

2.5
dpIK  iIK

0
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70iIqK 

d
2.5

 
Table A1. Values and coefficients used in pv cell. 

Current temp. coefficient α = 0.002086 [A/˚C]

Voltage temp. coefficient β = 0.0779 [V/˚C]

Reverse saturation current 4

0 0.5 10I    [A] 

Short circuit cell current 40.5 10ph SCI I     [A] 

Cell resistance 0.0277SR   [Ω] 

Cell material coefficient λ = 0.049 [1/V] 

 

Table A2. Synchronous generator parameters amounts. 

Unit Amount Parameters 

  0.0485 Stator phase resistance sR  

mH 0.395 Stator inductances  ,d qL L  

Wb 0.1194 Inductive flow by permanent magnet 
2kg m  0.0027 Moment of inertia (J) 

kw 14 Nominal power 

- 4 Pairs of poles (P) 

 
Table A3. Boost converter coefficient values. 

Unit Amount Parameters 

μF 500 Low voltage capacitor C1 

μF 4700 High voltage capacitor Co 

μH 800 Inductance 

KHz 20 Switching frequency 
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