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Abstract: A microgrid with parallel structure operating under islanded mode is consi-
dered in this paper. Under microgrid islanded operation mode, lines bring adverse effect 
for power distribution between microsources (MSs). Because traditional droop control 
ignores this effect, MSs adopting this method can not achieve satisfactory power distri-
bution. A kind of droop control including line compensation applied to this microgrid is 
proposed. It can eliminate this effect to obtain satisfactory power distribution. The rela-
tionship of two kinds of droop control with power distribution is analyzed. The reference 
voltage generated by droop control is applied to control output voltage of MSs. Com-
parison of two kinds of droop control through MATLAB/Simulink simulation is made to 
verify the superiority of droop control including line compensation for power distri-
bution. The relationship between PCC voltage and output power of MSs is also pre-
sented. 
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1. Introduction 
 
 Microgrid is composed by microsources (MSs), loads, power electronic converters and so 
on to constitute a controllable system. It can not only utilize the advantage of distributed gene-
ration (DG) but also overcome the disadvantage of DG for distribution network. So it is bene-
ficial for extensive application of renewable energy generation. Its energy is mainly provided 
by photovoltaic cell, wind turbine, fuel cell and microturbine. Moreover, its energy is mainly 
stored by battery, supercapacitor and flywheel. It may run under grid-connected operation 
mode or islanded operation mode [1-6]. In this paper, only microgrid islanded operation mode 
is considered. 
 Under microgrid islanded operation mode, the voltage support of microgrid is supplied by 
MSs. It is required to share load power between MSs to achieve power balance. The power 
distribution between MSs is usually according to the ratio of their nominal apparent power. 
Because droop control dose not need communication between MSs to realize this function, 
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it was widely used in designing MS controller in [7-10]. Lines bring adverse effect for power 
distribution between MSs [11, 12]. However, this kind of droop control does not consider this 
adverse effect and is called as traditional droop control in this paper. As an improvement of 
traditional droop control, droop control considering line adverse effect was introduced in 
[13, 14]. It can eliminate the adverse effect from lines to let MSs obtain satisfactory power 
distribution and is called as droop control including line compensation in this paper. 
 This paper proposes a kind of droop control including line compensation used for micro-
grid with parallel structure. The relationship of two kinds of droop control with power distri-
bution between MSs is theoretically analyzed. The design procedure of MS controller with 
droop control is also presented. Comparing the use of two kinds of droop control is done 
through simulation with MATLAB/Simulink. 
 
 

2. Microgrid structure 
 
 The microgrid structure considered by this paper is shown in Figure 1. It mainly consists of 
three distributed MSs with their own lines, i.e. MS1-3 with line1-3, and one centralized load. 
Three MSs are parallel with the load at the point of common coupling (PCC) through line1-3. 
Microgrid can run under grid-connected operation mode through a closed static transfer switch 
(STS). When this switch is open, microgrid will run under islanded operation mode without 
any connection with the grid. This paper only pays attention to the use of droop control under 
microgrid islanded operation mode in a three phase symmetrical system with voltage level of 
380 V. 
 

 

Fig. 1. Microgrid structure 

 

 
Fig. 2. MS structure 
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 MS structure is shown in Figure 2. It is constituted by DC bus side, inverter and LC filter. 
The voltage of its DC bus side is jointly decided by distributed energy sources and energy 
storage equipments through power electronic converters. Since this voltage can be controlled 
by converters to be basically stable, the DC bus side of MS is represented by a DC voltage 
source with voltage Vd c  in this paper so as to simplify analysis. So the control of MS is simpli-
fied to control the inverter. In Figure 2, vi and vo are inverter output voltage and MS output 
voltage, iL and io are inductance current and MS output current. 

 
 

3. Droop control and power distribution 
 
 This part presents two kinds of droop control, i.e. traditional droop control and droop 
control including line compensation. Traditional droop control does not take into account line 
adverse effect, but droop control including line compensation attempts to eliminate this effect. 
The requirements for achieving expected power distribution between MS1-3 are demonstrated. 
Through this expression, it is theoretically revealed that droop control including line compen-
sation can bring better power distribution. 
 
A) Traditional droop control and power distribution 
 Through analysis of Figure 1, the out power of MS in a three phase symmetrical system 
can be expressed as 
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where Po and Qo are MS output real power and reactive power, Vo and E are RMS of MS 
output voltage and PCC voltage, δ and δe are phase angle of MS output voltage and PCC vol-
tage, |Z | and φ are line impedance value and angle, line impedance Z = R + j X, R and X are 
line resistance and reactance. 
 In a low voltage microgrid, Z is nearly resistive [15-17]. As a result, |Z | and φ can be ap-
proximated as R and 0. In addition, the voltage phase angle difference δ ! δe is usually very 
small so as to sin(δ ! δe) and cos(δ ! δe) can be replaced by δ ! δe and 1, hence following rela-
tionship can be gained from Equation (1) 
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 Since Vo and E are almost constant, it can be seen from Equation (2) that Vo is mainly 
influenced by Po and δ is mainly influenced by Qo. Consequently, traditional droop control can 
be derived by introducing negative feedback with Vo and δ as following equation 
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where Vo
* and δ* are MS output voltage RMS reference and phase angle reference, Voref and 

δref are MS output voltage RMS reference and phase angle reference when there is no load, 
m and n are droop coefficients of voltage RMS and phase angle. 
 To attain power distribution between MS1-3 according to the ratio of their nominal ap-
parent power S, droop coefficients should satisfy following relationship as [18] 

  
⎪⎩

⎪
⎨
⎧

==

==

.332211

332211

SnSnSn

SmSmSm
  (4) 

 Real power distribution between MS1-3 is analyzed. Following voltage RMS relationship 
can be derived from Equation (2) 
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 In Equation (3), Vo will be seen to as Vo
* if voltage control is desirable. Hence, following 

voltage RMS relationship can also be obtained 
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 The left hand side of Equations (5) and (6) is identical, so the output real power of MS1-3 
has following relationship 
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 Therefore, real power distribution between MS1-3 is 
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 In this equation, if real power distribution between MS1-3 is required to according to the 
ratio of their nominal apparent power, i.e. Po1/Po3 and Po2/Po3 are equal to S1/S3 and S2/S3, 
following relationship can be gotten through calculation with Equations (4) and (8) 

  .332211 SRSRSR ==   (9) 

 This relationship indicates that Equations (4) and (9) are both needed to achieve real power 
distribution between MS1-3 as the ratio of their nominal apparent power. It is easy to fulfill 
Equation (4) through selection of droop coefficients. However, Equation (9) is usually not 
satisfied in practice with random line length. Therefore, traditional droop control is difficult to 
acquire expected real power distribution due to the limitation of Equation (9). Reactive power 
distribution has similar analysis and conclusion. 
 
B) Droop control including line compensation and power distribution 
 Because power flows through line, voltage RMS difference Vo – E and voltage phase angle 
difference δ – δe satisfy following relationship 
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 In Equation (10), Vo and E can be approximately taken as 220 V. Then droop control 
including line compensation can be gained by compensating Vo – E and δ – δe into Equation 
(3), that is adding Vo – E and δ – δe to Vo

* and δ* in Equation (3) to get new Vo
* and δ* 
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 From Equation (10), following voltage RMS relationship exists 
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 Similar to Equation (6), following voltage RMS relationship derives from Equation (11) 
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 Combining Equations (12) and (13), following relationship can be gotten 
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 This equation demonstrates that Po1 /Po2 /Po3 equals S1 /S2 /S3 when m is in accordance with 
Equation (4). It is shown that droop control including line compensation can accomplish 
expected real power distribution between MS1-3 without dependence on line. Apparently, 
situation of reactive power distribution between MS1-3 is similar. 
 
 

4. MS controller design 
 
 The content of this part is to design MS controller with droop control. MS controller 
structure is shown in Figure 3. The control objective of MS is to let its output voltage track its 
output reference voltage produced by droop control. To realize this aim, following processes 
with step by step should be adopted. 
 

 
Fig. 3. MS controller structure 

 
 Firstly, the measurement value of vo and io from MS output side is used to calculate cor-
responding Po and Qo as Equation (15) 
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where vod and voq are d axis and q axis component of vo, iod and ioq are d axis and q axis com-
ponent of io, ωc is cutoff frequency of first order low-pass filter. 
 Secondly, calculation of *

oV  and δ* based on droop control with Equations (3) or (11) is 
used to get the three phase output reference voltage *

abcv  of MS with 100π rad/s angular fre-
quency as following equation 
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 Then, this reference voltage is used to gain the reference voltage *
iv  of inverter through 

a voltage and current dual loop controller [19]. It incorporates voltage outer loop controller 
and current inner loop controller and is shown in Figure 4. 
 

 
Fig. 4. Voltage and current dual loop controller 

 
 Voltage outer loop controller utilizes the error between *

abcv and vo with feedforward de-
coupling and PI control to get the inductance reference current *

Li  as Equation (17) 
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where *
Ldi  and *

Lqi  are d axis and q axis component of *
Li , *

odv  and *
oqv  are d axis and q axis 

component of *
abcv , ω is angular frequency of MS, kvp and kvi are proportional and integral 

coefficient of PI1, s is Laplace operator. 
 Current inner loop controller makes use of the error between *

Li and iL with the similar 
method as Equation (18) to get *

iv  

  
⎪⎩

⎪
⎨
⎧

+−++=

+−+−=

),/()(

)/()(

**

**

skkiiLivv

skkiiLivv

iiipqLqLdLoqqi

iiipdLdLqLodid

ω

ω
   (18) 

where *
idv  and *

iqv  are d axis and q axis component of *
iv , iLd and iLq are d axis and q axis 

component of iL, kip and kii are proportional and integral coefficient of PI2. 
 Finally, space vector PWM (SVPWM) is used with *

iv  to generate gate signals for inverter 
to accomplish the control of MS. 
 
 

5. Simulation analysis 
 
 In order to compare the use of two kinds of droop control, MATLAB/Simulink is applied 
in this part to simulate microgrid islanded operation mode with MS controller design on the 
basis of the previous part. MS1-3 supply rated power load before 0.6 s, 80% rated power load 
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during 0.6 s to 0.9 s and again rated power load after 0.9 s. That is to say, load power de-
creases at 0.6 s and increases at 0.9 s. 
 Parameters of MS1-3 are shown in Table 1. Their DC bus side voltages are all of 700 V. 
The length of line1-3 is respectively 0.5 km, 0.4 km and 0.3 km. Line unit length resistance 
and reactance parameters are 0.642 Ω/km and 0.083 Ω/km. Cutoff frequency ωc is 30 rad/s. 
Load rated real power and reactive power are 20 kW and 10 kvar. In this paper, the ideal 
power distribution ratio between MS1-3 is 2:1.5:1. 
 

Table 1. Parameters of MS1-3 

MS L / mH C / μF S / kVA 
MS1 1.5 60 20 
MS2 2.0 45 15 
MS3 3.0 30 10 

 
 In two kinds of droop control, Voref and δref are both of 220 V and 0 rad, both droop coef-
ficients are the same and shown in Table 2. 
 

Table 2. Droop coefficients of droop control 

m1 5.4 × 10!4 V/W 
m2 7.2 × 10!4 V/W 
m3 10.8 × 10!4 V/W 
n1 2.4 × 10!6 rad/var 
n2 3.2 × 10!6 rad/var 
n3 4.8 × 10!6 rad/var 

 
 Simulation results about output power with traditional droop control are shown in Figure 5.  

 

 

Fig. 5. Output power with traditional droop control: (a) output real power of MS1-3; 
(b) output reactive power of MS1-3 
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When MS1-3 supply rated power load, output real power of MS1-3 is 7.1 kW, 6.6 kW and 
5.4 kW. The real power distribution ratio is 1.31:1.22:1. Output reactive power of MS1-3 is 
3.6 kvar, 3.3 kvar and 2.6 kvar. The reactive power distribution ratio is 1.38:1.27:1. When 
MS1-3 supply 80% rated power load, output real power of MS1-3 is 5.7 kW, 5.3 kW and 
4.4 kW. The real power distribution ratio is 1.3:1.2:1. Output reactive power of MS1-3 is 2.9 
kvar, 2.6 kvar and 2.1 kvar. The reactive power distribution ratio is 1.38:1.24:1. MS1-3 can 
change their output power to follow load power variation, but the power distribution ratio can 
not attain desired consequent. 
 Simulation results about output power with droop control including line compensation are 
shown in Figure 6. When MS1-3 supply rated power load, output real power of MS1-3 is 
8.7 kW, 6.5 kW and 4.3 kW. The real power distribution ratio is 2.02:1.51:1. 
 

 
Fig. 6. Output power with droop control including line compensation: (a) output 

real power of MS1-3; (b) output reactive power of MS1-3 
 
Output reactive power of MS1-3 is 4.3 kvar, 3.2 kvar and 2.2 kvar. The reactive power 
distribution ratio is 1.95:1.45:1. When MS1-3 supply 80% rated power load, output real power 
of MS1-3 is 7.0 kW, 5.2 kW and 3.5 kW. The real power distribution ratio is 2.0:1.49:1. Out-
put reactive power of MS1-3 is 3.5 kvar, 2.6 kvar and 1.7 kvar. The reactive power distribu-
tion ratio is 2.06:1.53:1. The output power of MS1-3 can not only follow load power variation 
but also possess relatively expected power distribution ratio. 
 Simulation results about PCC voltage with droop control including line compensation are 
shown in Figure 7. Whether load power is constant or not constant, the voltage support of PCC 
is provided by MS1-3. Figure 7 (a) and (b) indicate that PCC voltage can rapidly stabilize 
when load power varies. This implies that the voltage control effect of MS controller is de-
sirable. Figure 6 (a) and Figure 7 (c) show that PCC voltage RMS and output real power of 
MS1-3 have reverse variation. Furthermore, Figure 6 (b) and Figure 7 (d) show that PCC vol-
tage frequency and output reactive power of MS1-3 have same variation. Above phenomenon 
is reasonable since PCC voltage depends on the output voltage of MS1-3 decided by droop 
control. When output power of MS1-3 is steady, PCC voltage RMS and frequency are also 
steady. 
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Fig. 7. PCC voltage with droop control including line compensation: (a) PCC voltage waveform when 

load decreases; (b) PCC voltage waveform when load increases; (c) PCC voltage RMS; 
(d) PCC voltage frequency 

 
 

6. Conclusions 
 
 This paper focuses on microgrid islanded operation mode with parallel connection of three 
distributed MSs and one centralized load. The output power of MSs flowing through lines 
leads to voltage RMS and phase angle difference between MSs and PCC. Traditional droop 
control is hard to achieve pleased power distribution since it can not overcome this effect. 
Because droop control including line compensation can remove this effect, MSs using this 
method can track load power variation with pleased power distribution. MSs provide voltage 
support for PCC whose voltage RMS is decided by output real power of MSs and frequency 
by output reactive power of MSs. The output voltage control effect of MSs with the voltage 
and current dual loop controller is satisfactory. 
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