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Abstract- To increase the reactive power sharing accuracy, this project proposes an enhanced control strategy for distributed 
generations (DGS) that evaluate the reactive power control error through injecting small real power disturbances, which is 
activated by the low-bandwidth synchronization signals from the central controller. The proposed compensation approach 
reaches accurate reactive power sharing at the steady state, just like the performance of real power sharing through frequency 
droop control. The droop controller is replaced by FUZZY logic controller for the better performance of the proposed 
system. Simulation results validate the feasibility of the proposed strategy. 
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I. INTRODUCTION 
 
From the past decades onwards the distributed power 
generation application has been increasing rapidly. 
Related to the conventional centralized power 
generation, clean and renewable power close to the 
customer’s end can be supplied by distributed 
generation(DG) units. So, the stress of many 
conventional transmission and distribution 
infrastructures alleviated by this. As most of the DG 
units are interfaced to the grid using power 
electronics converters, they have the opportunity to 
realize enhanced power generation through a flexible 
digital control of the power converters. 
 
On the other hand, high penetration of power 
electronics based DG units also introduces some 
issues, such as system resonance, protection 
interference, etc. The microgrid concept has been 
proposed to overcome this snags, which is realized 
through the control of multiple DG units. When 
compared to a single DG unit, the microgrid can 
achieve greater power management within its 
distribution networks. The islanding operation of 
microgrid offers high reliability power supply to the 
critical loads. So, microgrid is considered to pave the 
way to the future smart grid. 
 
The loads can be properly shared by multiple DG 
units in an islanded microgrids. Conventionally, the 
frequency and voltage magnitude droop control is 
adopted, which aims to achieve microgrid power 
sharing in a decentralized manner. However, the 
droop control governed microgrid is prone to have 
some power control stability problems when the DG 
feeders are mainly resistive. The real power sharing 
at the steady state is always accurate while the 
reactive power sharing is sensitive to the impacts of 
mismatched feeder impedance. Moreover, the 
existence of local loads and the networked microgrid 
configurations often further aggravate reactive power 

sharing problems. A few improved strategies had 
proposed to solve the power sharing problems. The 
proposed strategy first identifies the reactive power 
sharing errors through injecting small real-reactive 
power coupling conflicts, which are actuated by the 
low-bandwidth synchronization flag signals from the 
central controller. By deploying the injected transient 
real-reactive power coupling using an intermittent 
integral control the accurate reactive power sharing is 
realized. The reactive power sharing errors are 
significantly decreased with this proposed scheme. 
The proposed droop controller will automatically 
switched back to the conventional droop controller 
after compensation. We can note that the proposed 
accurate power control strategy is active for 
microgrids with all types of configurations and load 
locations, and it does not require the detailed 
microgrid structural information. Simulation results 
are provided to verify the proposed load demand 
sharing strategy. 
 

 
Fig. 1. Microgrid configuration. 

 
II. PROPOSED REACTIVE POWER SHARING 
ERRORCOMPENSATION STRATEGY 
 
As the reactive power sharing errors are caused by a 
number of aspects and microgrids often have 
complex configurations, developing the circuit 
model-based reactive power sharing error 
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compensation strategy is difficult. So, the objective of 
this section is to develop an enhanced compensation 
strategy that can exclude the reactive power sharing 
errors without knowing the detailed microgrid 
configuration. To achieve the “plug-and-play” 
operation of DG units and loads in the microgrid this 
feature is very vital.  
 
To initialize the compensation, the proposed strategy 
adopts a low-bandwidth communication link to 
connect the secondary central controller with DG 
local controllers. The synchronized compensation 
flag signals from the central controller to each DG 
unit are sent by the commutation link, so that all the 
DG units can start the compensation at the same time. 
This communication link is also responsible for 
sending the power reference for dispatchable DG 
units during the microgrid grid-tied operation. So, 
this proposed compensation scheme does not need 
any extra hardware cost. By using power line 
signaling or smart metering technologies, or other 
commercial infrastructures, such as digital subscriber 
lines, or wireless communications the communication 
mechanism can be realized. As the focus of this 
project is the enhanced power sharing scheme 
realized at the DG unit local controller, further 
discussion on the communication system is out of the 
scope of this project. Note that in the proposed 
compensation strategy, only one-way communication 
from the central controller to DG local controllers is 
needed for starting the DG compensation with a 
synchronized manner. The intercommunication 
among DG units is not essential, so that the plug-and-
play feature of a DG unit will not be affected. The 
enhanced power control strategy is realized through 
the following two phases. 
 
1) Phase 1: Initial Power Sharing Using Conventional 
Droop Strategy: The conventional droop controllers 
are adopted for initial load power sharing before 
receiving the compensation flag signal. Meanwhile, 
the DG local controller monitors the status of the 
compensation flag dispatched from the microgrid 
central controller. At this phase, the steady-state 
averaged real power (PAVE) shall also be measured 
for use in Phase 2.  
 

 
Fig. 2. Synchronized Reactive Power Compensation Scheme 

Note that although the first-order LPFs have already 
been used in measuring the real and reactive powers 
(P and Q)for the conventional droop controller, the 
cutoff frequency of LPFs cannot be made very low to 
get the ripple free averaged real power (PAVE) due 
to the consideration of system stability. So, a moving 
average filter is used here to further filter out the 
power ripples. The measured average real power 
(PAVE) is also saved in this phase, so that when the 
synchronization signal flag changes, the last saved 
value can be used for a reactive power sharing 
accuracy improvement control in Phase 2.It is vital to 
point out that although the averaged real power 
(PAVE) is measured at this phase. 
 
2) Phase 2: Power Sharing Improvement Through 
Synchronized Compensation: In Phase 2, by 
introducing a real-reactive power coupling transient 
and using an integral voltage magnitude control term 
the reactive power sharing error is compensated. As 
this compensation is based on the transient coupling 
power control, it is carried out in all DG units in a 
synchronized manner. Once a compensation starting 
signal (sent from the central controller) is received by 
the DG unit local controller, the averaged real power 
calculation stops updating, and the last calculated 
PAVE is saved and used as an input of the 
compensation scheme. The combination of both real 
and reactive powers is used in the frequency droop 
control during the compensation process, as shown in 
(1), and by using an additional integration term as 
illustrated in (2)the reactive power error is suppressed 

  (1) 

  (2) 
 
Where KC is the integral gain, which is selected to be 
the samefor all the DG units. It can be observed that 
with the control strategy in (1), thereal and reactive 
power is coupled together for the frequencydroop 
control. Compared to the conventional droop control, 
thereactive power droop term (DQ · Q) in (1) can be 
consideredas an offset for the conventional real 
power droop control for frequency regulation. If there 
are any reactive power errors, the unequal offsets 
(DQ · Q) from different DG units will affect the DG 
output frequencies, which subsequently introduce the 
real power disturbances. This real power disturbance 
will thencause the integral control term in (2) to 
regulate the DG outputvoltage. With this integral 
control, the real power from a DGwill eventually be 
equal to PAVE, meaning that accurate realpower 
sharing is still maintained in Phase 2 (assume that 
there is no microgrid real power demand variations in 
the compensationperiod of Phase 2). Further consider 
that the modified frequency droop control in (1) 
essentially enables equal sharing of the combined 
power (DP · P + DQ · Q) in Phase 2; the accurate 
sharing of both the combined power and real power 
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means that the reactive power sharing will also be 
accurate. Fig. 2 demonstrates the diagram of the 
proposed control strategy, where P0 and Q0 are the 
measured powers before LPF. The conventional 
control is replaced by (1) and(2)once the 
compensation starts.  
 
In Fig. 2, the unity soft compensation gain G is 
adopted for the proposed compensation strategy, 
which can avoid the excess power oscillations and 
current overshoots during the compensation transient  
 
The gain G will increase slowly to the rated value at 
the beginning of each compensation and after the 
compensation, G will decrease slowly to zero again, 
meaning that the droop controller is smoothly 
switched back to the conventional droop control 
mode.  
 
Based on the assumption that the real power load 
demand is constant during the compensation transient 
in Phase 2the proposed strategy is developed. For a 
real power load variation during the compensation 
phase, the proposed controller may leave some 
reactive power sharing errors after the compensation.  
 
There are two types of real power variations: steady-
state real power variations/ripples and microgrid load 
switching. To limit the impacts of small real power 
demand variations during the compensation transient, 
a dead band is placed before the integral control of 
the real power difference (P−PAVE).  
 
To avoid the impacts of large load demand variations 
or load switching in a microgrid, the compensation 
period should be properly designed by tuning the 
integral gain (KC) in (2).  
 
A long compensation period will subject to possible 
microgrid load demand changes, while a too fast 
compensation will lead to excess transient and affect 
the accuracy as well.  
 
Considering that the variation of microgrid load 
demand, such as that in the residential area 
microgrids, is normally slow, a compensation time of 
a few seconds in Phase 2 is considered in this study.  
 
A compensation dynamic of a few seconds also 
ensures that the compensation performance is not 
very sensitive to the “compensation flag” 
synchronization accuracy. So, the requirements on the 
communication link bandwidth and the response time 
of DG unit local controllers can be quite low. This 
project is again designed by replacing droop 
controller with fuzzy logic controller. FLC generates 
the required small change for amplitude modulation 
index to control the magnitude of the injected 
voltage. The centroid defuzzyfication technique was 
used in this fuzzy controller. 

The rules for fuzzy logic controller are: 
 

 
 
III. SIMULATION RESULTS 
 
The outputs through the various scopes in the 
simulink are shown below: 
 

 
Figure: Simulated reactive power sharing in microgrid, 

compensation is activated at 1 sec. 
 
The figure demonstrates the reactive power flow of 
DG units. As there are unequal voltage drops on 
microgrid feeders, there are significant reactive 
power errors with conventional droop control 
method. Here the compensation method staring at 1 
sec can effectively adjust the reactive power sharing 
error to almost zero. 
 

 
Figure: Simulated real power sharing in microgrid, 

compensation is activated at 1 sec. 
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The figure shows the real power flow of the three DG 
units. Before the compensation, the real power is 
shared evenly with the conventional droop method. 
Due to some disturbances, they will not share the load 
equally and so the compensation started at 1 sec and 
after the compensation they will share the load 
equally at 2.3 sec. 
 

 
Figure: Simulated DG currents before the compensation is 

done 
 
The figure shows the associated DG line currents. 
With the conventional droop method, the magnitude 
and phase of the DG currents are not the same but 
after the compensation, the DG line currents are 
almost identical and they are consistent with the 
power analysis. 
 

 
Figure: Simulated DG currents after the compensation is done 
 
The figure indicates that the line currents are almost 
identical after the compensation is done. All the three 
distributed generation units same currents when these 
are undergone through compensation.                 
    

 

The voltage magnitudes at the different locations of 
the microgrid are also obtained. The above figure 
shows the changes in the DG unit’s voltage 
magnitudes while the process is going on. In order to 
have equal reactive power sharing, all these voltages 
have slight deviation during the compensation. The 
reason is unequal voltage drops are compensated on 
the feeders by these DG units. 
 

 
Figure: Simulated installation voltage magnitudes As 
shown in the figure, the voltage magnitudes at the 
installation points of the DG feeders are also 
obtained, these voltage magnitudes also have the 
slight deviations while the compensation is going on. 
 
CONCLUSION 
 
In this project, an improved microgrid reactive power 
sharing strategy was proposed. The strategy injects a 
real-reactive power transient coupling term to identify 
the errors of reactive power sharing and then 
compensates the errors using a slow integral term for 
the DG voltage magnitude control. The compensation 
strategy also uses a low-bandwidth flag signal from 
the microgrid central controller to activate the 
compensation of all DG units in a synchronized 
manner. So, accurate power sharing can be achieved 
while without any physical communications among 
DG units. In addition, the proposed strategy is not 
sensitive to microgrid configurations, which is 
especially suitable for a complex mesh or networked 
microgrid. The droop controller is replaced by 
FUZZY logic controller for the better performance of 
the proposed system. Simulation results validate the 
feasibility of the proposed strategy and by using 
FUZZY logic controller. 
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