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In grid-connected operation, the microgrid is connected 
to the utility, and the DER unit provides the local loads as 
well as power support for the whole grid. Once 
transferred to islanding operation, the DER must 
immediately provide the changed power demand and 
continue supplying power to all critical and non-critical 
loads within the microgrid [7]. The LC filter is used for 
voltage disturbances of each unit and the series 
inductance also represents the leakage inductance of the 
coupling transformer.  
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Fig. 1. Single line diagram of microgrid system with renewable resources 
 

The designed microgrid system operates in autonomous 
mode as well as grid-connected. In result of an event in 
the utility system, the grid switch at PCC opens and the 
microgrid is disconnected from the utility and provides 
all the loads operating in autonomous converter mode. A 
seamless transition to the autonomous mode is provided 
by the frequency synchronization technique which is 
adjusted based on the data given from the frequency 
characteristics of the microgrid. 

CONTROL SYSTEM 

Schematic of the controller for multi-converter system 
implemented in SRF is indicated in Fig. 2. All of the 
equations and calculations for the control and 
compensation are in the two axis frame translating by the 
Clarke transform of the line current and phase voltages. 
The control method is based on decoupling independent 
control of Id and Iq in a rotating SRF. Also a frequency 
control loop is added to the controller for frequency 
stabilization [8].  
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Fig. 2. Block diagram of the controller for multi-unit system in SRF. 
 

Current components of compensator are added to the 

reference generator as a cascade controller. The 
decoupling control model is designed based on the 
dynamic equations of the system in SRF. The control 
system consists of three blocks such as current controller, 
voltage controller and frequency controller. 

Harmonic Detection and Compensation 
 
The harmonic compensation is done based on the 
reference currents produced from the instantaneous 
reactive power (IRP) block and added to the current 
control. In this paper a fast method for harmonic 
detection is used based on the instantaneous  theory 
[6]. The method is resulted from the dividing the current 
in four components representing oscillating and 
fundamental part of the active and non-active power [2]: 
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Pq Theory using low pass filter 
 

The control strategy for the  theory with low pass filter 
is based on the calculation of the oscillating components 
of the instantaneous power [6]. The average active power 
consumed by the load is assumed to be constant means 
the load is time invariant. The  method for 
compensating the harmonic power is depicted in Fig. 3. 
The instantaneous active and non-active power definition 
is as follows: 

(2) 

Where, the voltages and currents in two axis stationary 
frame are resulted from Clarke transformation. Then 
active and non-active currents are obtained from: 

 

(3) 

 
Where ∗ ̅ ,      ∗  and the reference 
currents are in  frame. After determining current 
components, they are transformed into the rotating frame 
that is synchronized with the grid by the angle	 . In this 
method,  and  represent active and reactive 
components of load respectively.  
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Fig. 3. Control block for the instantaneous power theory
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CASE STUDY AND SIMULATION RESULTS 

The microgrid system under study supplies a nonlinear 
load that is a diode bridge rectifier with a load of 15 
kVA. The uncontrolled rectifier injects harmonics in 
order 2 1, 1,2, …, where  is number of 
branches in the rectifier [1]. So, for this case with a three 
branch uncontrolled the harmonics in order of 5, 7, 11, 
13,… are injected to the grid. The amplitudes decrease by 
the order of harmonic as follows [9]. 

n 5 .  
 

The total harmonic distortion (THD) is used for the 
evaluation of power quality and distortion of the 
waveforms for current and voltage. The harmonies are 
categorized as even harmonics, multiples of three and not 
multiples of three [10]. The harmonic limits for not 
multiples of three are higher than multiples of three. The 
limitation for the current harmonics also depends on the 
short circuit ratio (SCR) and the types of the equipment’s 
[11].  
The simulation is done in two distinct cases first in the 
islanded mode with active filtering performance of the 
DER and second in islanded mode while CIL operates as 
active filter. In the first study when the DER unit 
provides active filtering it is observed that the THD of the 
source current depends on the power supplied by the 
DER and in higher power supply the more distorted 
source current is resulted.  It is because of the sinusoidal 
current that is supplied by the DER to the grid. This 
current increases the distortion of the source current 
which is depicted in Fig. 4 using KCL at the PCC.    
  





Fig. 4. KCL at the PCC   

Compensation By The DER Unit 
 

In this case, the VSC supplies 5 kW in the rating of the 
DER and remaining is provided by the grid source. The 
THD for load current is equal to 22%. The DER unit is 
operating as active filter using the reference signals from 
the IRP calculation. In the active filtering mode, the THD 
of the source current drops fall from 22% to 3% that is a 
significant improvement. In power generating mode, the 
power quality improvement is provided simultaneously 
with providing active power. In this case, three modes are 
investigated such as active filtering mode, power 
generation mode supplying rated power and power 
generation with 10 kW active power supply. The inverter 
is supplying the reference currents calculated by the IRP. 

In purely active filtering mode the THD of the source 
current decreases to 3%, but it increases to 5% in power 
generation. This becomes worse while the converter 
operates also as DER with the increased power. In the 
rating operation, the THD of the source current is still 
acceptable in a wide range of operation [11], [12].   
 

Fig. 5. Source current and the inverter current upon the power variation
 

Fig. 5 shows the current waveforms for the supplied 
current by the inverter, in comparison to the grid current. 
The inverter in the instant t=0.45 s, goes from active 
filtering to the power generating mode and in this state, 
delivers power in rating of the DER (5 kW).  At t=0.55 s, 
the power available from the inverter is increased and at 
t=0.7 s, the power is reduced again stepwise.  

Fig. 6. Spectrum of the load current and the source current
 

The dynamic performance of the controller and harmonic 
compensator is tested by switching between three 
operation modes. Inverter provides the load power 
demand locally such as active, reactive and harmonics. It 
results to maintain the grid side currents sinusoidal at 
unity power factor. Regarding the %THD limits for 
distributed systems, IEC [11] and IEEE [12] Standards 
impose a limit of 5% on the current produced by the DER 
and the load, while in both active filtering and active 
power modes, the THD limits are respected.  
When the power supplied by the DER is increased the 
THD is increased to more than 10% which is out of 
limits. The spectrum of the load current and compensated 
source current in active power mode are shown in Fig. 
6.The significant mitigation of all of the harmonics is 
seen in the figure. It shows the sufficient performance of 
the active filter designed in this paper. The magnitudes of 
the harmonics are not comparable with the fundamental 
component. The window for THD calculation in 
PSCAD/EMTDC is designed to detect harmonics up to 
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harmonic order of 15th. 

Active filtering performance of the CPL 
 

In the second case study, the grid is disconnected and 
CPL provides active filtering based on the p-q method 
similar to the previous case. The THD of the source 
current is reduced from 22% to 2% once operating in 
active filtering mode. It means that the lower frequency 
current harmonics having higher magnitudes are 
effectively compensated. At time t=0.55s, CPL starts 
consuming active power from the grid. The THD of the 
source current is further reduced to 1.5%. This is because 
of the addition of sinusoidal current drawn by the CPL to 
the source current as mentioned before. The THD 
variations during three modes of operation are presented 
in the Fig. 7.   

Fig. 7. Current distortion for different compensation strategies
 

The blue curve in the Fig. 7 is related the source current 
without compensation while black line indicates THD of 
the grid current in the grid-connected mode and operation 
of DER as the active filter. The green curve indicated 
THD of the inverter current upon CPL operation as active 
filter in three modes of pure active filtering, absorbing 
power of 5kW and loading in 10 kW. As shown in the 
plot, the performance of the DER and CPL are similar in 
the pure active filtering mode, while CPL provides higher 
harmonic compensation in the active power mode with 
active filtering as an ancillary service. The THD of the 
source current in different active filtering Scenarios 
without DER and grid connected mode with and without 
current control is listed in Table 1.   
 

Table 1: THD assessment in different cases 

Scenario Current THD (%) 
Disconnected DER 22 
Grid-connected mode with 10 kW active power 10.2 
Grid-connected mode with 5 kW active power 5.3 
Active filtering mode 3.25 
Compensation with CPL 2 

CONCLUSIONS 

This paper has investigated the capability of controllable 
DERs and CILs in a microgrid as shunt active power 
filters. The power quality in different operation modes of 
the microgrid has been significantly improved respected 
to the operation of DER. The controller successfully 
manages any variation in active power feeding into the 
grid and simultaneously the inverter can be effectively 
utilized for power conditioning without affecting its 
normal operation of power generation. Inverter with the 

proposed approach eliminates the need for additional 
power conditioning equipment with operating as a shunt 
APF. Current compensation by CPL reduces the THD to 
the minimum value. It has been observed that the natural 
operation of CPL and DER also contributes in the 
reduction or exaggeration of current THD by absorbing 
or adding a sinusoidal term in the grid. In this case, the 
interfacing inverter, providing active filtering features in 
smart grid, eliminates the device cost for power 
conditioning devices which is more than 100 $/kVA in 
low voltage level [13]. Since the THD is not sufficient 
measure of the current harmonics, the frequency 
spectrum is added to verify the performance of the 
method in different harmonics. 
 

REFERENCES 
 
[1] A. Baggini, Handbook of Power Quality, Wiley, 2008.   
[2] H. Akagi, E. H. Watanabe, M. Aredes, Instantaneous 

Power Theory and Applications to Power Conditioning, 
IEEE Press, Wiley, NJ. USA, 2007. 

[3] H. Akagi, “New trends in active filters for power 
conditioning,” in IEEE Trans. on Ind. Appl., vol. 32, no. 
6, pp. 1312-1322, Nov.1996.   

[4]  N. Holtsmark, M. Molinas, A Matrix converter-interfaced     
PM Generator System with Active Filtering Capabilities, 
ICREPQ’12, Santiago de Compostela, Spain, March 2012 

[5]  M. Cirrincione, M. Pucci, "A Single-Phase DG Generation 
Unit With Shunt Active Power Filter Capability by 
Adaptive Neural Filtering,",in IEEE Trans. on Ind. Elec., 
vol.55, no.5, pp.2093-2110, May 2008 

[6]   H. Akagi, Y. Kanazawa, A. Nabae "Instantaneous 
 Reactive Power Compensators Comprising Switching 
Devices without Energy Storage Components" in IEEE 
Trans. on Ind. Appl., vol. 20, no.3, pp.625-630, May 
1984. 

[7]    Bloemink, J.; Iravani, M.R.; , "Control of a Multiple 
Source Microgrid With Built-in Islanding Detection and 
Current Limiting," IEEE Trans. on Power Delivery, 
vol.27, no.4, pp.2122-2132, Oct. 2012. 

[8]  A. Yazdani,; A.R. Di Fazio,; Ghoddami, H.; Russo, M.; 
Kazerani, M.; Jatskevich, S.; Martinez, J.A.; , "Modeling 
Guidelines and a Benchmark for Power System 
Simulation Studies of Three-Phase Single-Stage 
Photovoltaic Systems," in IEEE Trans. on Power Del., 
vol.26, no.2, pp.1247-1264, April 2011  

 [9]  Semiconductor convertors General requirements and line 
commutated convertors Part 1-2: Application guide, 
Third Edition, IEC 60146-1-2, 1991. 

[10] Voltage characteristics of electricity supplied by public 
distribution systems, EN 50160. 

[11]    Limits for harmonic current emissions (equipment input 
current ≤ 16 A per phase), IEC 61000-3-2. 

[12] IEEE Standard for Interconnecting Distributed Resources 
with Electric Power Systems, IEEE Standard 1547-2003. 

[13] D. J. Carnovale, T. Dionise, and T. Blooming, "Price and 
performance considerations for harmonic solutions," in Power 
Quality Conference, Long Beach, California, 2003. 

0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
0

10

20

30

40

50

60

70

time (s)

T
H

D
 (

%
)

Total Harmonic Distortion

 

 

compensation with DER

non compensated current

compensation with CIL


