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Abstract—In this paper, electrical parameters of a microgrid 

containing distributed generation wind and fuel cell units are 

controlled in islanding mode operation. Islanding operation 

refers to isolation of a part of power system including 

distributed generation from the grid having continuous and 

independent operation. This has negative impacts on the 

isolated network including voltage and frequency dependence 

on load. These impacts and their solutions are studied in this 

paper. A proper controller using power electronics converters 

has been proposed. In order to verify the validity of the 

proposed control approach, it has been implemented and 

simulated on a 13-bus IEEE distribution power system 

containing a combination of distributed generation wind and 

fuel cell units. 

 
Index Terms—Frequency controd, inverter, islanding 

operation, microgrids, voltage control. 

 

I. INTRODUCTION 

Restructuring of power system, environmental concerns 

regarding concentrated power plants, instantaneous changes 

of electrical energy price and fast technological development 

of distributed generation (DG) units have all made distributed 

generation ever increasing. A distribution network to which a 

ditributed generation system is connected is called a 

microgrid[1]. 

A microgrid appears when an electrical region can control 

its voltage and frequency and supply its load automatically 

and independently from the grid. Existing rules in electrical 

grids don’t still let independent operation of microgrids due 

to several reasons such as safety of operators, stability, etc. 

This means that distributed generation units should be 

isolated from the grid as soon as possible [2] (Of course, 

there are special cases where microgrids are allowed to 

operate). 

The early power grids can be considered as the first 

distributed generation units as there were only DC networks 

and transmission of energy to long distances had therefore 

much energy loss. After appearance of power transformers, 

DC networks were gradually replaced by AC networks. 

Large power plants were founded at suitable places and 

energy was transferred long distances. The new trend 

towards DG has been due to several reasons as: 

 Technological development in DG units 
 Increased need to build new transmission lines 
 Reliable energy demand 
 Economical concerns 
 Environmental concerns 
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The two last cases are the most important reasons.  

 

II. CHALLENGES, DIFFICULTIES AND DRAWBACKS OF 

MICROGENERATION IN ISLANDING OPERATION 

Microgrid operation in islanding mode will be subject to 

several problems some of which are highlighted below: 

1) Voltage oscillations: Using DG units may result to 

problems regarding control of bus voltages, especially in 

smaller microgrids and at situations where there is peak 

load and minimum generation. 

2) Frequency oscillations: Any unbalance between 

production and consumption will result to a change in 

frequency at an electrical network. This is mostly 

important in small grids as the change in frequency will 

be more severe. 

3) Power quality issues: A high amount of generation at DG 

units is delivered to the grid via power electronic devices. 

They are a source of harmonics due to their nonlinearity 

and the switching phenomenon. Therefore, part of their 

generated harmonics is injected to the grid. Suitable 

filters should be designed and used to mitigate this effect. 

 

III. MICROGRIDS CONTROL IN ISLANDING MODE   

Most micro sources are not suitable for direct connection 

to low voltage grid; hence DC/AC or AC/DC/AC converters 

are used as the medium between the suppliers and low 

voltage grid. Control of these converters is the approach for 

frequency and voltage control of microgrids in islanding 

mode. Two kinds of control can be adopted to operate an 

inverter device [3]: 

A. Inverter Control Based on P-Q Mode 

In this method, supplier’s output active and reactive 

powers are controlled based on predetermined set points. 

This control mode is in association with control of both the 

inverter and the prime mover if physically applicable. The 

inverter injects the active power it receives at its input to the 

grid. This kind of control can be implemented in photovoltaic 

units. The inverter’s injected reactive power is set to the 

predetermined value which is assigned locally or via 

microgrid control center. The P-Q control mode can be 

realized with current control technique; the amplitude and 

phase of inverter current are controlled in such a way that the 

required active and reactive powers are achieved. 

The inverter’s injected reactive power is set to the 

pre-specified value which is assigned locally or via microgrid 

control center. The P-Q control mode can be realized with 
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current control technique; the amplitude and phase of inverter 

current are controlled in such a way that the required active 

and reactive powers are achieved [4]. 

B. Inverter Control Based on Voltage Control Mode 

In this method, the inverter feeds the load based on voltage 

and frequency reference values using a certain control 

method. The voltage source inverter in the microgrid actually 

plays the role of a synchronous generator.  

Considering such a VSI operating in parallel with an AC 

system with angular frequency ωgrid, the active output power 

of the VSI is automatically defined by the well known 

frequency droop characteristic as in Fig. 1. In this figure, the 

droop characteristic has been drawn for two parallel inverters. 

Indices 1 and 2 refer to first and second converters 

respectively. The output power of each inverter can be varied 

by changing its idle frequency. 

 

Fig. 1. Frequency droop characteristic. 

If the main AC system is lost, there will be a change in 

output power of each inverter according to its droop 

characteristic and the network frequency drifts towards a new 

one. Active power is shared between the inverters according 

to their droop characteristic. Similarly, the relation between 

voltage and reactive power can be expressed using the 

concept of voltage droop. The voltage droop characteristic 

has been depicted in Fig. 2.
 
 

 

Fig. 2. Voltage droop characteristic. 

A balanced three-phase model including both the voltage 

droop and frequency droop characteristics has been shown in 

Fig. 3 [5]. The decoupling transfer functions are due to the 

delay in measurement of active and reactive powers. The 

active and reactive powers determine the output frequency 

and voltage of the inverter according to the frequency and 

voltage droop characteristics respectively. A phase 

feed-forward control with gain kff has been added to the 

system for stability purposes [5]. 

 

Fig. 3. VSI three phase control model. 

 

If the main power supply (the MV network) is available, 

all the inverters can be operated in the PQ mode, because a 

voltage and frequency reference is available. However if the 

MV network is lost all the inverters will shut down because 

there will not be a voltage reference within the MG and it will 

not be possible to obtain an exact balance between load and 

generation. This means that a general frequency control 

strategy should be followed in order to operate the MG in 

islanded mode [2]. 

 

IV. PROPOSED CONTROL METHOD 

A. Method Fundamentals 

It is apparent that an islanded network consists of loads 

and sources. One of the souces is usually taken as voltage and 

frequency controller and the other energy sources produce 

their active and reactive powers in a range defined by the 

control center. 

The controller should maintain the voltage in the reference 

bus together with the frequency of the whole network. 

Desired amplitude and phase of the voltage are achieved by 

applying reference values refdV _  and refqV _ . 

Two PI controllers are used to maintain the voltage at 

reference value. Phase angle signal is generated from the 

reference frequency of PWM by an oscillator. 

B. Controller Design 

Three phase voltages at the point of island connection to 

the grid 
pcc

abcV
 (pcc refers to point of common coupling) are 

measured and the values of   and   are then extracted 

using a PLL block. 

The produced currents of DG are then measured and then 

transformed to dq components (
dI  and 

qI ) using the angle 

  extracted by the PLL. They are compared with their 

reference values (
refdI 

 and 
refqI 

). The outputs of the 

comparators are then fed to PI controllers the outputs of 

which will be dq reference voltage components (
refdV 

 

and
refqV 

). These voltages are sent to  ,mdq  block in 

o
rder to compute the amplitude 

( m ) 
and phase angle 

( ) of 
the bus voltage as follows: 

 

2 2

d ref q refm V V                         (1) 
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refq

V

V


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These values are then fed to the PWM block in order to 

build signals to control the power electronic devices. As a 

result, there will be a three-phase voltage with amplitude m  

and phase angle   at the inverter output. The stages denoted 

are shown in Fig. 4. 

1PI





PWM

pcc

abcV

PLL

refdI 

 
2PI

Signal

Switch

abc

dq
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qI
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
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
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Fig. 4. Controller design using the proposed approach. 

The abc bus voltages can also be extracted directly instead 

of calculating the amplitude and phase angle ( m  and ). 



ref

abcV

abc

dq

refdV _

refqV _

 

Fig. 5. Direct voltage synthesis using its dq components. 

As it is observed, the dq voltages are transformed to 

three-phase abc voltages using the measured angle. 

 

V. CASE STUDY 

A standard distribution network has been chosen and the 

controllers are implemented on it in order to validate the 

proposed control approach. The studied network in this paper 

is the IEEE modified 13-bus network where the DG units 

installed are a combination of wind and fuel cell units. 

All the data regarding this network including the lines, DG 

units and distributed loads are given in [6]. In the following 

simulations, the internal dynamics of the fuel cell unit are 

neglected and the fuel cell has simply been represented by its 

Thevenin’s equivalent circuit. The nominal active power of 

the fuel cell unit is 1.7 megawatts. It has been supposed that 

this unit works at a worst power factor of 0.8. Therefore, its 

maximum reactive power can be computed as following: 
MWPDG 7.11   

MVARPQ DGDG 275.1tan*11                  (2) 

The frequency and nominal voltage of the IEEE 13-bus 

network are 60 Hz and 4.16 Kv with ±1% and ±5% tolerance 

respectively. The loads of this network are: 

MVARjMWjQP 102.2466.3 
            (3) 

The sum of nominal powers of generators should be more 

than total loads in order for the microgrid to be able to 

operate in islanding mode. It has been supposed that a wind 

farm with nominal power MVARjMWjQP 7.13.2   
has been connected to bus No.680. Therefore, the total 

generation of the microgrid will be equal to: 

MVARjMW

QQjPPjQP dgdgdgdggridgrid

975.24

)( 2121



        (4) 

It is observed that the total generation capacity of the 

microgrid is more than its maximum load and it is therefore 

capable of operation in islanding mode. 

The single line diagram of the implemented network 

inPscad/EMTDC is shown in Fig. 6.  

 
Fig. 6. Single line diagram of the implemented network. 

 

VI. STEADY STATE PERFORMANCE STUDY 

In order to study the steady state performance of the 

proposed control method, line-line terminal voltage of the 

generator (
1abE ), currents of various parts of DG unit, input 

voltage of the inverter before and after filtering and variation 

of bus voltages are simulated. All the simulations are done 

for 5 seconds. Line-line terminal voltage of the wind 

generator before and after filtering has been shown in Fig 7. 

As it is observed, the filter prevents high frequency current 

harmonics from entering the generator side. The source of 

current harmonics is the power electronic converter. 

 
Fig. 7. Terminal voltage of the wind generator before and after filtering 
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Fig. 8. Voltages of buses 

 

Voltages of all buses are depicted in Fig 8. It is obvious 

that all the voltages reach a steady state value after the 

transients due to islanding decay. 

Currents of various parts of DG unit, namely generator 

phase current (blue), transformer current (black), rectifier 

current (red) and inverter current (green) are shown in Fig 9. 

It is visible that the harmonic oscillations are much more in 

the inverter and rectifier than the generator and transformer. 

Rms output voltage of the inverter before (blue) and after 

(green) filtering are shown in Fig 10. It is observed that the 

voltage before filtering has more oscillations with higher 

overshoot. Instantaneous output voltage of one phase of the 

inverter before (blue) and after (red) filtering are shown in 

Fig 11. It is again apparent that the voltage before filtering 

has more oscillations with higher overshoot.  

 

 
Fig. 9. Currents of various parts of DG unit. 

 

 
Fig. 10. Rms output voltage of the inverter before (blue) and after (green) 

filtering. 

 
Fig. 11. Instantenous output voltage of the inverter before (blue) and after 

(red) filtering. 

 

VII. PERFORMANCE STUDY IN CASE OF FAULT 

A single phase short circuit is applied to the first phase of 

bus No. 671 at t=3 sec for 3 cycles and then it is cleared. 

Variation of voltage of different buses is shown in Fig 12. It 

is visible that the fault causes the voltage of several buses to 

reduce to 0.77 pu and there is an overshoot after fault 

clearance which returns to its normal value due to proper 

operation of the controller. It is obvious in Fig 13 that the 

terminal voltage of the generator is also affected by the short 

circuit, but the controller has been able to return it to its 

normal value. It is visible that the voltage before filtering has 

higher oscillations and overshoot. 
 

 
Fig. 12. Variation of bus voltages due to single phase short circuit. 

 

 
Fig. 13. Variation of instantenous and rms values of  generator terminal 

voltage before (blue) and after (green) filtering. 
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VIII. CONCLUSION 

Distributed generation units can be connected to the grid 

via rotating electric machines or power electronics converters. 

On the other hand, they can operate in grid connected or 

islanded mode. In microgrids, a small change in load or 

generation can lead to variation of frequency and voltage due 

to low production capacity. Therefore, controllers used in 

these networks should have low delay and high reliability 

with high compatibility. Power electronic converters have 

almost all the aforementioned specifications, so they have 

been used to keep frequency and voltage constant in this 

paper.  Power electronic converters can support voltage angle 

and amplitude stability by controlling their output active and 

reactive powers, respectively. In this study a control pattern 

using park transformation has been used for frequency and 

voltage control of microgrids. Its performance has been 

evaluated in 13-bus standard network. Simulation results 

show the method is successful in voltage and frequency 

control with varying network parameters. 

Park transformation is used to transform the 3- phase 

voltages to direct and quadrature axis components; proper 

control is applied in this space and then the inverse 

transformation is used to attain the real 3-phase quantities. 

Moreover, use of suitable filters for mitigation of harmonics 

caused by inverter controllers due to their nonlinearity has 

been studied. 
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