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Abstract—This paper presents a control technique for 
enhancing the stable operation of distributed generation (DG) 
units during islanding and grid-connected modes. The 
compensation of instantaneous variations in the reference 
current components of DG units in ac-side, and dc-link voltage 
variations in dc-side of interfaced converters, are considered 
properly in the control loop of DG units, which is the main 
contribution and novelty of this control technique over other 
control techniques. By using the proposed control technique, DG 
units can provide the continuous injection of active power from 
DG sources to the local loads and/or utility grid. Moreover, by 
setting appropriate reference current components in the control 
loop of DG units, reactive power and harmonic current 
components of loads can be supplied with a fast dynamic 
response. The performance of the developed control is assessed 
through simulation results during dynamic and steady-state 
operating conditions. 

Keywords—Microgrid (MG); distributed generation (DG); 
droop control; grid-connected mode; islanding mode. 

I. NOMENCLATURE 
A. Indices 
i  1,2 
w d,q 
B. Abbreviations 
DG Distributed Generation 
PI Proportional-Integral 
LPF Low Pass Filter 
VSC Voltage Source Converter 
PCC Point of Power Coupling 
STSs Static Transfer Switches 
BESS Battery Energy Storage System 
CC Capacity Curve                                                      
C. Variables 
icwi DG current components 

 Instantaneous variations of DG currents 

 Instantaneous variations of reference current 

cwiiΔ  Deviation of DG currents 

ifwi Currents of capacitor filters 
R Radius of icdi-icqi curve 

 
 

 

(α,β) Centre of icdi-icqi curve 
vdci dc-link voltage 
vwi Voltage at the PCC 

 Instantaneous variations of dc-link voltage 

ueqwi Equivalent switching state functions 
*
jf ′ Initial frequency of icdi-fi curve 

fi Output frequency of DG unit 

ifΔ Frequency deviation of DG units 

Ei Amplitude of voltages at PCC 
ΔEi Deviation of voltage amplitudes at the PCC 
Ei

*' Initial voltage amplitude of icqi-Ei curve 
Wmg(t) Total energy of microgrid system 
Wci(t) Total energy of DG units 
D. Parameters 
Rdampii Series resistance for current state variables 
Rdampki Series resistance for voltage state variables 
Cdci Capacitor of dc link voltages 
Ci Capacitor of filter 
irefwi Reference current values of DG unit 
vrefwi Reference values of voltages at the PCC 
vrefdci Reference values of dc-link voltages 
Pci Active power of DG source 
Pcimax Maximum active power of DG units 
Prefci Reference active power of DG units 
Qci Reactive power of DG source 
Qrefci Reference reactive power of DG units 
ω Grid angular frequency 

ciR Resistance of DG units 

ciL  Inductance of DG units 

iμ′ Slope of cdi ii f− curve 

iγ ′  
Slope of cqi ii E− curve 

 f Fundamental frequency 
*

if Reference frequency of DG units 

Ei
*
 Reference amplitude of voltages at the PCC 
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II. INTRODUCTION 
Distributed Generation (DG) technology based on 

renewable energy sources brings many benefits for electrical 
power grids regarding the environmental regulation and cost 
of power generation [1]. A systematic structure of DG units 
forms a microgrid in the power network, which has been 
proposed to solve the integration problems of single DG units 
in power system [2]. Proper control of multi DG units in a 
microgrid can create an independent power network for 
support of utility grid with loads peak mitigation and 
enhancement of power quality and reliability of main grid, 
regardless of control complexities of DG units in whole 
system [3]. Microgrid is more efficient technology in 
comparison with a single DG unit, concerns on grid reliability 
and power quality demand.  Moreover, microgrid gives many 
options for optimizing the power of DG units via the 
combined heat and power, which is one of the most useful 
strategies for improving the efficiency of whole system. But, 
increasing the number of DG units in the microgrid can 
introduce some problems in the operation and management of 
the entire power network. Therefore, a control technique of 
DG units for power coordination between the grid, load and 
DG sides is highly required in microgrid systems. 

Several control strategies have been proposed for control of 
DG units in the microgrid as a main part of the smart grid 
system, such as potential-function based method for secondary 
and tertiary control of a microgrid [4], unit output power 
control (UPC) and feeder flow control (FFC) [5], power 
management strategies [6], droop-control concepts with L1 
control theory [7], and other potential control strategies [8]. 
Several other control techniques have been proposed for the 
control and operation of DG units in microgrid, which in most 
of the presented studies a solution for a serious problem has 
been proposed and discussed [9]-[12]. 

In this paper, the authors are introducing a control technique 
based on the Passivity control theory for defining a stable 
operating region of DG units in microgrids. The impacts of 
instantaneous variations of reference current components in 
ac-side, and dc-voltage variations of capacitor in dc-side of 
interfaced converters in operation of DG units are considered 
properly, which is the main section regarding the new 
contribution of this control scheme over the other control 
techniques. Contribution of this control technique in microgrid 
can be introduced as a solution while compensation for the 
different issues is needed concurrently during the connection 
of multiple DG units in different operating modes. 

The rest of the paper is organized into four sections. 
Following the introduction, general schematic diagram of the 
proposed microgrid model will be introduced in Section III 
and dynamic and steady-state analysis of the proposed control 
scheme will be elaborated properly. Application of Passivity 
control technique for the control and stable operation of DG 
interfacing systems in different operating conditions will be 
presented in Section IV. Moreover, simulation results are 
performed to demonstrate the efficiency and applicability of 
the developed control strategy in Section V. Finally, some 
conclusions are drawn in Section VI. 

III. PROPOSED MODEL AND ANALYSIS 
Fig. 1 depicts the general configuration of the proposed 

microgrid model, which is composed by two DG units with 
local power generation sources and different loads.  

DG units are isolated and/or connected to the point of 
common coupling (PCC) through static transfer switches 
(STSs). Utility grid is connected to the PCC via a static 
transformer and supplies the grid-connected load until the 
DG1 change from the isolated mode to the grid-connected 
mode. In addition, DG1 generates the required active and 
reactive power for the local load and then is linked to the PCC 
through STS in a specified time. Both the DG units are 
regulated to inject their maximum active power during the 
unexpected load increment in grid-connected mode. 

To draw an appropriate control plan for DG units, dynamic 
equations of the proposed model should be calculated as, 

0

0

0

0

0

di
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(1) 

The capacitance Ci is used to generate sufficient reactive 
power to fix the magnitude of voltages at PCC in a desired 
value. 

A. Control of voltage magnitude and frequency 
In this section, d and q components of injected currents 

from DG units are employed to predict the changes in 
magnitude of voltage and frequency, during the different 
operating modes. According to the two first terms of (1), 
switching state functions of the interfaced converters in DG 
units can be calculated as, 

 

 
(2)

where, is the average values of instantaneous 

variations of DG currents. By substituting (2) in last term of 
(1), limit area of injected currents from the DG units can be 
obtained during the dynamic operating condition as, 

                          (3) 
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Fig. 1. General scheme of proposed microgrid model. 

where,  is the average values of instantaneous 

variations in dc-side voltages of interfaced converters. 
Equation (3) is equation of a circle model as drawn in Fig. 2, 
which clarifies the capability of DG units for generating or 
consuming maximum current components, which can be 

altered through center of  and 

radius of , that are 

dependent on the parameters of DG units, dc-link voltages, 
variations of reference current components in the control loop 
of DG units, and voltage at the PCC. 

As can be seen, the operating point on the icdi-icqi curve can 
be changed through a current vector as, 

1

2 2 .
qx

dx

i
jtng

i
dx qxi i e

− ⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠+  

(4) 

where, 2 2
dx qxi i+  and 1 qx

dx

i
tng

i
− ⎛ ⎞
⎜ ⎟
⎝ ⎠

 are the magnitude and angle 

of current component, respectively. With respect to Fig. 2, the 
maximum and minimum of injected current from the DG units 
to the grid and/or loads can be calculated as, 

icd max = R − α ,icd min = − R + α( ) ,

icq max = R − β and icq min = − R + β( )
 

(5) 

The limited capacity of each DG unit in the proposed 
microgrid model can be determined through (5). The equations 
of conventional droop control characteristics can be expressed 
as, 

( )*
i i i ci refcif f P Pμ= − −  

(6) 

( )*
i i i ci refciE E Q Qγ= − −  (7) 

In the operating condition, the output active and reactive 
power of DG units are equal to ci di cdiP v i=  and ci di cqiQ v i= − . 
By substituting these equations into (6) and (7) and doing the 
associated mathematical calculations, characteristic equation 
of cdi ii f−  and cqi ii E− can be obtained as, 

( )cqii A

( )cdii A

( ),α β

R

maxcdi R α= −( )mincdi R α= − +

( )mincqi R β= − +

maxcqi R β= −

maxcqi

maxcdi

mincqi

mincdi

Fig. 2. icdi-icqi
 
curve of DG units. 

*
i i i cdif f iμ′ ′= − (8) 

*
i i i cqiE E iγ′ ′= + (9) 

where, * *
i i refcif f Pμ′ = + , * *

i i refciE E Qγ′ = + , ′μi = μi × vdi  and 

i i divγ γ′ = × . Equations (8) and (9) verify that the voltage 
magnitude and frequency of DG units can be controlled 
through current components of DG units.  
On the other hand, in order to operate near the steady-steady 
points in dynamic operating conditions, the appropriate 
selection of reference current components in the control loop 
of DG units lead to minimize deviation of voltage magnitude 
and frequency from their desired values. The characteristic 
curves cdi cqii i− , cdi ii f− , and cqi ii E−  are shown in Fig. 3. As 
indicated in this figure, during the islanding mode DG 
generates current in d-axis and consumes current in q-axis, 
which is associated with the capacitor C of filter for regulating 
the magnitude of voltage at a desired value. When DG moves 
from the islanding mode to the grid-connected mode, cdi cqii i−  
curve converts to a larger circle due to the current variations in 
which DG unit is responsible to generate q-axis current and its 
maximum capacity of d-axis current for the grid, 2 dimcdi c axi i→ . 



 4

As shown in Fig. 3(b), during the grid-connected mode, 
frequency of DG unit reaches to the reference value and then 
for provide the maximum amplitude of d-axis current, cdi ii f−  
curve shifts to the right-up with constant slope and the current 
difference of cdiiΔ  is compensated to approaches to 2cdii . 
Moreover, according to Fig. 3(c), the cqi ii E− curve moves to 
the left-up with the same slope to keep its desired voltage 
magnitude and generate the reactive power which is needed to 
supply the loads. 

( )cqii A

( )cdii A

( )2 2,α β

2R

( )1 1,α β
1R

1cdii 2cdii

2cqii

1cqii

if

cdii

*
1if ′

*f

*
2if ′

1cdii 2cdii

iE

cqii

*
1iE ′

1cqii

*E

2cqii

*
2iE ′

 
Fig. 3. icdi-icqi, icdi-fi, and icqi-Ei

 
curves of DG unit.                                                                                                

IV. PROPOSED CONTROL TECHNIQUE 
The proposed control strategy in this paper is based on 

Passivity control theory. The proposed control technique 
presents a proper procedure for tracing of reference current 
components in the control loop of DG units in microgrid, in 
order to regulate the output frequency and voltage magnitude 
deviations of DG units and keep a zero value for the harmonic 
components and reactive power injected through the utility 
grid during presence of nonlinear loads. 

A. Passivity-based control description 
A passive system is defined as a network, which consumes 

energy and is not able to generate its own energy in different 
conditions.  

If Pc(t) is considered as the power of passive system, energy 
of whole system can be calculated as, 

( ) ( ) ( ) ( )0

0
0

t t

c c c cW t P t dt P t dt P t dt
−∞ −∞

= = + ≥∫ ∫ ∫  (10) 

In order to do the Passivity analysis in the proposed microgrid 
model, (1) should be described as following matrix, 

 (11) 

where, mcdqi, rcdqi, wcdqi, ucdqi and Icdqi 
are given in Appendix I. 

The error state variables of close loop control system in the 
proposed model are defined as, 

[ ]1 2 3 4 5
T

cdqi cdqi refcdqi i i i i i

T

cdi refdi cqi refqi di refdi qi refqi dci refdci

e i i e e e e e

i i i i v v v v v v

= − = =

⎡ ⎤− − − − −⎣ ⎦

 
(12) 

The state-space model of the proposed microgrid based on the 
error and reference state variables can be achieved according 
to (11) and (12) as, 

 
 

(13) 

The first step in the Passivity-based control model is 
injecting suitable series damping resistances to each variable 
of DG units, in order to make the total saved energy of 
microgrid equal to the zero value, or reach to a finite value in 
the various routes of state variables in the microgrid model. 
The damping resistance matrix rdampi=RdampiI5×5 is added in two 
sides of (13); consequently, the close loop dynamic model of 
system errors based on Passivity method can be obtained as, 

  
(14) 

In addition, the Passivity-based control strategy should force 
the variables of the proposed model to follow their desired 
values. To reach this goal, the right side of (14) should be 
equal to zero value as, 

 (15) 

In order to verify the precision of (24), total reserved energy 
of each DG unit should be defined as, 

( ) 2 2 2 2 2
1 2 3 4 5

1 1 1 1 1
2 2 2 2 2ci ci i ci i i i i i dci iW t L e L e C e C e C e= + + + +  (16) 

Then, the direct Lyapunov control theory can be used to 
demonstrate the capability of Passivity control technique for 
minimizing the total saved energy of the whole proposed 
model, which is called as energy shaping in final step of this 
strategy. Derivative of (16) can be calculated as, 

(17) 

With respect to (15), the matrix term of (17) can be rewritten 
as, 

   (18) 
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By adding the suitable damping resistances, the underlined 
part of (18) can be much greater than other terms; 
consequently, (18) can be rewritten as, 

  
(19) 

Equation (19) verifies the energy shaping process of Passivity-
based control technique for DG units. In addition, (19) 
confirms that the state variables of close control loop are able 
to trace their reference values with a fast dynamic response, 
and an asymptotical global stability will be achieved for the 
proposed model. 

V. RESULTS AND DISCUSSION 
The proposed model in Fig. 1 is simulated through the 

MATLAB/Simulink and will be evaluated in both the dynamic 
and steady-state operating conditions. The following scenarios 
are planned to assess the dynamic and steady-state operations 
of the proposed control technique in microgrid, with the aim 
of proper power sharing and also suitable voltage and 
frequency regulation. First, nonlinear load I is connected to the 
utility grid and drawn nonlinear currents from the utility 
source. This process is continued until t=0.1 sec, while DG1 is 
connected to the grid. During this period, DG2 supplies the 
nonlinear load II in isolated mode. At t=0.2 sec, DG2 and 
linear load are synchronously linked to the utility grid. Both 
DG units are employed to inject their maximum active power 
in grid-connected mode and compensate all the reactive power 
requested from the loads. Also, STSs are employed to change 
DG unit conditions and load connection. The parameter values 
of grid, loads, and DG units are given in Appendix II. 

A. Active and Reactive Power Sharing Assessment 
The active power sharing of DG units during presence of 

linear and nonlinear loads in the microgrid is depicted in Fig. 
4. Fig. 4(a) indicates the active power of DG1, nonlinear load 
I, and utility grid. As can be seen, before connection of DG1 
to the grid, power of load I is entirely provided through utility 
grid. But, after connection of DG1 to the grid (t=0.1 sec), the 
maximum active power of DG1 is injected to the grid, which 
is in both fundamental and harmonic frequencies. In addition, 
rest of available active power in the fundamental frequency 
(around 9kW), is injected from DG1 to the grid in time 
interval 0.1s<t<0.2s. Fig. 4(b) indicates the active power of 
DG2, nonlinear load II, and linear load. As depicted in this 
figure, DG2 generates the only required active power of 
nonlinear load II during the islanding mode. After the 
connection of DG2 and linear load to the grid at t=0.2 sec, 
DG2 is adjusted to generates its maximum active power in the 
main frequency, which supply all active power of nonlinear 
load II. The rest of active power is injected to the utility grid; 
then, linear load draws the active power from the grid. As 
depicted in Fig. 4(a), the value of injected active power to the 
grid reaches around 18 kW in the time interval 0.2s<t<0.3s.  

Reactive power sharing of the proposed microgrid model 
are shown in Fig. 4(c) and Fig. 4(d) during dynamic and 
steady-state operating conditions. Fig. 4(c) demonstrates the 
reactive power of DG1, nonlinear load I, and grid for the 
defined plan.  

As depicted in this figure, before connection of DG1 to the 
grid, all the reactive power in both main and harmonic 
frequencies are supplied by utility grid. But, after connection 
of DG1 to the grid at t=0.1 sec, all the reactive power 
components are injected through DG1; then, utility grid is free 
of any harmonic frequencies and reactive power components. 
Moreover, during connection of linear load at t=0.2 sec, DG1 
is ready to compensate the additional reactive power; then, 
generated reactive power through the grid remains in zero 
value. Fig. 4(d) illustrates the reactive power sharing between 
the DG2, nonlinear load II, and linear load. As indicated in 
this figure, before connection of DG2, this unit consumes the 
reactive power generated through the capacitance of filter (C) 
in order to keep a constant and balanced sinusoidal voltage at 
the PCC. Consequently, reactive power of nonlinear load II is 
generated through the capacitor filter. The exact reactive 
power of nonlinear load II is provided after connection of 
DG2 to the grid. 

 
 
 
 

(a) 

 
 
 
 

(b) 

 
 
 
 

(c) 

 
 
 
 

(d) 

Fig. 4. (a) Active power sharing between grid, DG1, and nonlinear load 1; (b) 
Active power sharing between linear load, DG2, and nonlinear load 2; (c) 
Reactive power sharing between the grid, DG1, and nonlinear load 1; (d) 
Reactive power sharing between the linear load, DG2, and nonlinear load II. 
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B. Voltage magnitude and frequency regulation 
The frequency variations of DG units and utility grid are 

shown in Fig. 5(a). As can be seen, the grid frequency remains 
constant at f=50 Hz. However, the output frequency of DG1 
swings in an acceptable ranges with maximum deviation 

0.004fΔ =  Hz and the output frequency of DG2 reaches to its 
steady-state values around f=50.022, after t=0.22 sec. General 
evaluation of Fig. 5(a) shows that the proposed control method 
keeps the frequency of the proposed microgrid at the main 
frequency. The voltage magnitude of DG units and grid are 
illustrated in Fig. 5(b). According to Fig. 5(b), after 
connection of DG1 to the grid, the output voltage magnitude 
of DG reaches to its desired value after a short transient time. 
Also DG2 keeps its output voltage magnitude in a desired 
value by using the reactive properties of capacitor filter, and 
after connection of DG2, this voltage traces the grid voltage 
magnitude after short fluctuations.  

 
 
 
 
(a) 

 
 
 
 
(b) 

Fig. 5 (a) frequency of DG units output and grid; (b) reactive power of linear 
load, DG2, and nonlinear load2. 

VI. CONCLUSION 
A Passivity-based control technique has been presented in 

this paper for the stable operation of DG units in microgrid. 
The compensation of instantaneous variations in the reference 
current components of each DG unit in ac-side and dc-voltage 
variations in dc-side of the interfaced converters have been 
considered properly, as the main contribution and novelty of 
the proposed control strategy in microgrid technology. 
Simulation results confirmed that, by the utilization of the 
proposed control technique, DG units provide the continuous 
injection of active power from DG sources to the loads and 
utility grid. Furthermore, the proposed control method has a 
small transient state and fast dynamic response to provide the 
reactive power and harmonic current components of nonlinear 
loads. The proposed control method can be used for the 
integration of different types of renewable energy sources to 
supply the local loads and as a power quality enhancement 
device in a custom power distribution grid. 

APPENDIX. I 
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APPENDIX. II 

vs = 380volt,  vdci =1400 volt,   fsi =10 kHz,  Rc1 = Rc2 = 0.1 Ω,  
Lg = 0.1mH , Rg = 0.1Ω,  Lc1 = Lc2 = 45 mH ,  Rdamp11 = Rdamp12 = 8Ω,  

Rdamp21 = Rdamp22 = 20Ω,Linear load Pll = 2.5 kW  and Qll = 4.5 kVAR 

 

Nonlinear load I: A 3-phase diode rectifier with a R-L load of 
25+ j3.14Ω.  
Nonlinear load II: A 3-phase diode rectifier with a R-L load of 
35+ j4.71Ω.  
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