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Abstract – This paper presents a High Frequency AC-
based Microgrid as an interesting step towards integration 
of renewable energy sources in a distributed generation 
system. The successful implementation of a HFAC 
Microgrid depends on the best management of the sources 
and the common bus, which can be accomplished using a 
Unified Power Quality Conditioner (UQPC), which can 
compensate for current and voltage harmonics and also for 
reactive power. Its controller is based on the instantaneous 
p-q theory and the results obtained so far show that this 
conditioner can be effectively used to improve the system 
utilization.  
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I. INTRODUCTION 
 

To guarantee the supply of the actual and increasing 
energy demand, with reduced cost, lower losses and 
reliability, Distributed Generation (DG) has been considered 
as a promising alternative for the coordinated and flexible 
expansion of the actual energy distribution system [1]. A DG 
system consists of an application of small size generators, 
typically from 1 kW to 10 MW, scattered through the system, 
used to provide the electrical energy closer to the consumers. 
Present DG power sources include: hydro, wind, 
photovoltaic, fuel cells, gas turbines, batteries, ultra-
capacitors, super-inductors and flywheels. These small 
modular generation technologies interconnected to 
distribution systems can form a new type of power system, 
the so-called Microgrid [2]. The Microgrid concept assumes 
a cluster of loads and micro-sources operating as a single 
controllable system that can provide both power and heat to 
its local area. 

However, to obtain the maximum utilization of such system, 
an intelligent integration of all sources and loads is 
necessary. One way to accomplish such goal is using a High 
Frequency AC (HFAC) link, which consists of a common bus 
that operates at a high frequency, for example 20 kHz. The 
utilization of a HFAC bus presents some advantages that will 
be addressed in this paper. Considering the optimum HFAC 
bus utilization, it is extremely important to compensate for 
reactive power, load current harmonics, resulted from non-
linear loads, and voltage distortions, this ones resulting from 
the source and/or converter non-linearities. A Unified Power 

Quality Conditioner (UPQC), which integrates shunt and 
series active filters, is an electronic solution that can 
accomplish all these functions [3]. 

The UPQC controller uses instantaneous values of load 
and source currents and source voltage to obtain the actual 
active and reactive power components. The definition of 
these components is based on the instantaneous power 
theory (or p-q theory) [4]. The main advantage of using the p-
q theory is that it is not necessary to calculate the root mean 
square (RMS) values or to use FFT, which require a large 
computational time and affect the control system dynamics. 
After obtaining these power components, the controller 
calculates the compensating reference current and voltage, 
which are then synthesized using voltage-source PWM 
converters. It is also important to highlight that the PWM 
converters do not need any active voltage source, but only 
one capacitor across the DC common bus. 

In Section II we introduce the HFAC Microgrid in some 
details and discuss some of its advantages. Section III 
presents a description of the UPQC and its controller. This 
section also presents the PWM converters and their 
controllers. Section IV shows some simulation results 
justifying our claims and in Section V we conclude our paper 
with some pertinent remarks. 

 
II. THE HFAC-BASED MICROGRID 

 
Fig. 1 shows the proposed HFAC Microgrid, including the 

UPQC. The system represents a configuration with some 
static power sources (fuel cell and photovoltaic cells), energy 
storage devices (battery) and some loads (linear, non-linear 
and active). The HFAC-based Microgrid may have several 
interconnected energy sources and loads and the integration 
of all sources may cause some distortion in the source 
voltage, vS, making it not perfectly sinusoidal. Also, the loads 
to be connected across the bus cannot be predicted and a 
significant contribution of non-linear loads may exist, 
increasing the harmonic content of the source current, is. In 
addition, it is known that the electrical motors, mainly 
induction machines, consume more than 60% of the total 
electrical energy. The reactive power required by induction 
machines may increase the utility size, make the custom 
voltage unstable, cause resonance problem and enlarge the 
power losses and stresses in power systems. The UPQC is 
integrated in the system so as to guarantee that the voltage at 
the Point of Common Coupling (PCC), vL, is harmonic-free. It 
also acts on the total load current, iL, to compensate for 
current harmonics and reactive power, in a way that the total 



 
 
 

source current, iS, is also harmonic-free and in phase with the 
fundamental source voltage, resulting in a unitary 
displacement factor. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 – HFAC-based Microgrid concept 
 

To generate the high frequency voltage, each source may 
use a power electronic converter, which can be a series 
resonant converter [5]. In this way, zero-voltage or zero-
current switching schemes can be utilized, reducing the 
overall losses. An HFAC-based Microgrid system will have 
the following advantages [6]: 
?? At higher frequencies, power quality is improved because 
the harmonics are of higher orders and easily filtered out. 

?? · Acoustic noise is minimized due to the fact that the 
human ear cannot sense sounds above 20 kHz. 

?? · Fluorescent lighting will experience dramatic 
improvement. The ballast inductance is reduced 
proportionally to the frequency with the corresponding 
reduction in the size and weight 

?? · High frequency induction motors can be used for 
compressors, high-pressure pumps and turbines. AC 
frequency changers based on matrix converters can be 
used to soft -start high frequency induction motors.  

?? · Harmonic ripple current in electric machines will 
decrease, improving efficiency. 

?? · High frequency power transformers and other passive 
circuit components become smaller. 

?? · The size of harmonic filters for batteries will decrease. 
?? · Auxiliary power supply units are easily available by 
tapping the AC link. They would be smaller with better 
efficiency. 

?? · Storage units are easily connected to an HFAC-based 
Microgrid improving reliability. Batteries have been the 
traditional energy storage source, but flywheel or ultra-
capacitor are also viable alternate devices. 
 

 
III. THE UNIFIED POWER QUALITY CONDITIONER 

 
The UPQC is used to compensate for current and voltage 

harmonics and, also, to compensate for the reactive power in 
the fundamental frequency. The compensating reference 
current and voltage can be calculated using the p-q theory, 
which was first proposed for multi-phase systems [4] and it 
needs to be adapted for single-phase systems [7,8]. Liu et al 
[8] proposed a method in which the p-q theory is applied for 
single-phase systems, aiming at the application of a hybrid 
active filter. In their method, it is necessary to obtain an 
instantaneous ?/2 phase lag of the current and voltage 
waveforms to define a pseudo two-phase system. In this way, 
the system has only a 90o delay and the phase lags are easy 
to obtain. For high frequency application, as we are 
considering in this paper, this time delay is only a small 
fraction of time, which do not affect significantly the system 
dynamic. However, as presented in [8], the reference 
compensating current is calculated to eliminate the current 
harmonics only. For the HFAC system, besides harmonic 
mitigation, we are also interested in reactive power 
compensation, in order to optimize the HFAC bus utilization, 
and also in voltage harmonic compensation. As normally 
utilized in three-phase systems, it is possible to define what 
quantities should be compensated [9,10], based on the p-q 
power components, making the compensator more flexible. 

Fig. 2 presents the UPQC, which consists of the integration 
of a series active filter and a shunt active filter [11]. The p-q 
theory is used to obtain the reference compensating current 
(for the shunt active filter) and reference compensating 
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voltage (for the series active filter) that should be applied to 
the system to compensate for the undesired power 
components. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Basic configuration of the Universal Power Quality Conditioner (UPQC)  
 
To obtain a pseudo two-phase system, the voltage and 

current waveforms must be delayed by 90o. Doing this, the 
system can be analyzed in ???  coordinates, and be used 
directly to obtain the instantaneous active and reactive power 
components [8]. First, the actual voltage and current are 
considered to be ? -quantities. The values in ?-phase are 
assumed to be 90o lagging in respect to ? -phase. Then, the 
instantaneous active and reactive power can be calculated as 
[10]: 
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In Liu et al [8], the method to obtain the compensating 

reference current is based on the calculation of the 
fundamental components in ???  coordinates, which needs an 
intermediary calculation. However, as presented by 
Watanabe et al [9] for three-phase system, the compensating 
current in ???  coordinates can be obtained directly from the 
system variables, based on the power components to be 
compensated. This is the approach used in this paper, except 
that it is adapted to single-phase systems. Then, the 
compensating reference currents, in ???  coordinates, can be 
defined by the inversion of Equation (1), using the power 
components to be compensated [10]: 
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where 
 

2 2 2
mv v v? ?? ?                     (3) 

 
In Equation (2) it was considered the compensation of the 

current harmonics and instantaneous reactive power. After 
calculating the compensating reference current, in ???  
coordinates, the resulting compensating current must be 
converted to a?b?c coordinates. This component is defined 
only by the ? -component, which is the one in phase with the 
load current [8]. In this way, the reference current for the 
UPQC is related as: 

 
* *
c ci i ??                        (4) 

 
The calculated current (ic

*) is used as the reference for the 
shunt PWM inverter, which supplies the actual compensating 
current ic, as shown in Fig. 3. The shunt active filter uses a 
current controlled-voltage source inverter, with bipolar PWM 
switching [12]. The shunt converter also controls the 
capacitor voltage. This is accomplished by an additional 
current component that is added to the reference current. 
This additional current is obtained taking into account the 
power losses in the capacitor circuit [11]. The output of the PI 
compensator is limited and then compared to a saw-tooth 
waveform. The resulting logic signal is used to drive the 
PWM switches. The output filter (Lf and Rf-Cf) attenuates the 
harmonics originated from the converter switching. 

Similarly to the current compensation, to compensate for 
voltage distortions, the series compensator can be also 
designed based on the p?q theory. From the same Equation 
(1), we have, isolating the fundamental voltage components 
in ???  coordinates [11]: 
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where 
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Fig. 3 – Shunt active filter – PWM converter and controller 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 – Series active filter – PWM converter and controller 
 
The fundamental voltage, in a?b?c? coordinates, is defined 

by the ? -component only, which is the one in phase with the 
supply voltage. The compensating reference voltage is, then 
defined by: 

 
*
c s f s fv v v v v ?? ? ? ?                 (7) 

 
This voltage is used as the reference for the series PWM 

inverter, which supplies the actual compensating voltage vc, 
as shown in Fig. 4. The series active filter uses a voltage 
controlled-voltage source inverter, also with bipolar PWM 

switching. The controller uses an external voltage control 
loop and an internal current control loop. The voltage error is 
multiplied by a gain K and the resulting signal is compared to 
the converter output current. The PI controller uses the 
difference between these two signals to adjust the PWM 
duty cycle accordingly. 

 
IV. SIMULATION RESULTS 

 
Using the software PSIM? , several simulations were 

implemented to evaluate the proposed HFAC-based 
Microgrid. The following simulations correspond to a high 
frequency voltage with a 10%-third harmonic content, as 
shown in Figure 5, with amplitude of 400 V and frequency of 
1.0 kHz. The voltage source supplies the parallel association 
of a non-linear load (composed of a series connection of a 
diode, a 5 ? –resistance and a 0.05 mH–inductance) and a 
linear load (a 10 ? –resistance). Figure 6 shows the load 
current, without compensation, for this test. From Figures 5 
and 6 it can be seen that both, voltage and current present a 
high harmonic content. The shunt active filter of the UPQC is 
controlled to mitigate both current harmonics and reactive 
power. In this way, it is expected that the integrated source 
current becomes sinusoidal and als o, in phase with the 
fundamental integrated source voltage. The compensating 
current and the resulting source current are shown in Figure 7 
and 8, respectively. It can be seen that the source current is 
similar to a sine wave. The shunt active filter has supplied the 
current harmonics and the instantaneous reactive current. 

Figure 9 presents the compensating voltage and Figure 10 
presents the resulting source voltage, after compensation. It 
can also be seen that the resulting voltage is almost a perfect 
sine wave. The series active filter of the UPQC has 
compensated the voltage distortions. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 – HFAC bus voltage without compensation 
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Fig. 6 – HFAC load current without compensation 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 – Compensating current 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 – HFAC source current after compensation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 – Compensating voltage  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 10 – HFAC load voltage after compensation 
V. CONCLUSION 

 
HFAC-based Microgrid has been presented as a novel step 

towards integration of renewable energy sources in a 
distributed generation system. The successful 
implementation of HFAC-based Microgrid with adequate 
control based on the p-q theory can guarantee a better 
utilization of the sources and the common bus. This paper 
presents results related to the application of the p-q theory to 
a single-phase Unified Power Quality Conditioner (UPQC) for 
HFAC-based Microgrid systems. After have been calculated 
the instantaneous real and imaginary powers, the 
compensating reference current and compensating reference 
voltage are calculated using the power components to be 
compensated. These references are, then, used as inputs to 
the shunt and series active filters, respectively, which use 
PWM inverters to synthesize the desired waveforms. 

The simulation results show that using the single-phase p-
q theory method, the source current becomes approximately 
sinusoidal and in phase with the fundamental source voltage. 
In addition, it has been shown that is possible to compensate 
also for voltage dis tortions, resulting in a sinusoidal load 
voltage. This is an important aspect when considering 
sensitive loads connected to systems, which can be 
adversely affected by poor voltage waveforms. 
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