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The paper presents several power quality issues in an islanded microgrid, regarding the
frequency regulation. A load-frequency control technique has been implemented,
which consists in a special device, named dump load (DL) that draws the extra power
from the generators, transforming it into heat through a power electronics device. This
paper compares more DL topologies from the power quality point of view, and suggests
a new DL configuration developed by the authors. The simulations and experimental
results show the effectiveness of the solution.

1. INTRODUCTION

Microgrids supplied by renewable energy sources (RES) are increasingly
studied due to their insignificant environmental impact, concerning the classical
power plants. The connection of small generation units (tens of kilowatts) in low
voltage networks tends to be a more reliable solution. A microgrid can be defined
as a low-voltage network with its loads and several small modular generation
systems connected to it, providing both power and sometimes heat (combined heat
and power — CHP) to local loads.

An islanded microgrid must have its own resources to maintain the power
quality, mainly the voltage and frequency rated values. The voltage variations
depend of the system reactive power, while the frequency depends of the system
active power balance. Voltage control can be achieved by controlling the excitation
field of the synchronous generator (SG) [1-4] or by using power electronics
converters [5—7].

The active power balance must be ensured at any moment, in order to
maintain constant the system frequency. Because the loads are varying randomly, a
load-frequency control (LFC) technique must be implemented. In high power
systems, LFC is attained by controlling the generators prime movers mechanical
power.
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For low-power islanded microgrids supplied by RES, the most reliable and
cost efficient LFC is by using an electronic load controller, without any control on
the mechanical side of the generators. The method consists in using an additional
device that draws the excessive power from the generators, transforming it in other
type of energy [3—-5, 8-11]. It can be stored and used in periods of lack of energy,
or it can be transformed into heat in a CHP system, by using a dump load (DL).
The DL based frequency controller provides frequency regulation only if the
generated power is bigger than the consumed one. The power converter between
the microgrid lines and the dissipative element (power resistor) makes the
difference among various types of DLs.

This paper presents more DL topologies and shows their power quality
aspects. The DLs topologies are chronological studied by the authors [9, 10],
starting from the DL structure presented in [11]. Their features were improved until
good power quality was obtained. The differences between these types of DLs
consist in the high order current harmonics introduced in the microgrid by their
operation.

2. DL TOPOLOGIES

Fig. 1 presents the three main studied DL configurations. The differences
consist in the power electronic converter between the microgrid and dumping
resistances.

The energy is transformed from AC to DC, and a power transistor, driven in
PWM mode, ensures the active power flow to the resistor. The control technique is
the same for all three topologies. The microgrid frequency is determinated through
the line voltage measurement, and the actual frequency is compared with the rated
value of 50 Hz. A PI controller computes the error and gives the duty cycles of the
PWM driving waveform.

The first DL derives from a classical three-phase DC rectifier topology, as
shown in Fig. la. A low-pass filter on the DC side of the rectifier bridge ensures
the smoothness of the DC voltage. A DC chopper, based on a power transistor
applies the PWM pulses voltage on the dumping resistance in order to modify the
active power.

In the second configuration, the DL has a low-pass filter on the AC side, as
shown in Fig. 1.b. The LC filter ensures the attenuation of the high order current
harmonics produced by the DL’s transistors switching.

Analyzing the drawbacks of the previously presented DLs, the authors
suggest a new configuration, which improves the situation in many aspects. This
third DL configuration presented in Fig. 1.c has three separately arms for the three-
phases; moreover, it can be used in a four-wire system.
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The power quality of the studied DLs is evaluated through the following
performance parameters [13]:
— power factor:

PF = - COS . (1)

Yl
|
>~|_~

— displacement factor:
DF =cosg,. 2)

— total harmonic distortion:

2 2
THD - [I_J - [Ej L 3
I, PF

where: /; is the fundamental RMS input line current, / is the RMS input line
current, ¢, is the displacement angle.

In the following, the line voltage will be considered sinusoidal, without high
order harmonics. The power electronics component will be considered ideal,
without voltage drops or power losses.

In order to evaluate the performance parameters, the input currents must be
analyzed. Fig. 2 shows the line-to-neutral voltage and currents of each DL, for the
same operating conditions. Fig. 3 shows the results of FFT analysis applied on the
line current, and the performance parameters. It can be seen the difference between
the three topologies in the current harmonic content. The 5™ and 7™ harmonics are
predominant in the first two DLs, while the third one has the lowest current
harmonics, and therefore it is the solution used in the further simulations and
experiments.

Another aspect that relies from the third DL configuration is the possibility of
using the three arms to balance the active power between phases. Therefore, the
DL can be used in islanded microgrid both for frequency control and unbalance
compensation [8].
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Fig. 2 — Voltage and current for the three DLs.
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Fig. 3 — Current harmonic content for the three
DLs topologies.

3. SIMULATION RESULTS

The simulation model consists in a three-phase four-wire microgrid with a
16 kVA SG, as shown in Fig. 4. Matlab/Simulink software environment has been
used for modeling and simulations. During the steady state, the SG works at 90 %
of its rated power. A balanced resistive-inductive load is used of 3 kW/2 kvar per
each phase. The voltage is controlled through the excitation current of the SG’s
field winding. The DL works at approximately 45 % of its rated power, according
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to the load demand and SG available power, such that the frequency is kept

constant.

Simulation results consist in steady state and dynamic measurements. Fig. 5
shows the SG current, during steady state operation. They are free of harmonics

and balanced.
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Fig. 5 — SG line currents.

Fig. 6 — Frequency and DL output during load
connection.
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Another aspect regarding the power quality is the frequency deviation at a
sudden load connection. Working as an islanded system, the DL is the main
controller that provides necessary conditions for the frequency stability. Therefore,
the next simulation deals with a 1 kW three-phase load connection at t=1.5s.
Fig. 6 shows the system’s frequency and DL output behavior at the load
connection. The frequency deviation is about 0.35 Hz. In order to re-establish the
frequency rated value the DL output decrease from approximately 0.44 p.u. to
0.34 p.u.. The transitory process takes around one second.

4. EXPERIMENTAL RESULTS

The experimental test bench was accomplished on a laboratory-scale
prototype, which contains a MG based on a single 4 kVA SG, as shown in Fig. 7.
The control system, and data acquisition were implemented using a DS1102
dSPACE™ card (TI DSP TMS320C31). Data acquisition is based on mlib/mtrace
dSPACE interface libraries. The results were fetched in Matlab workspace from the
real-time DSP and are plotted in Figs. 8 and 9.
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Fig. 7 — Experimental test bench.

The SG line currents during steady state are shown in Fig. 8. The presence of
high order harmonics, which can be seen in the SG currents waveforms, is the
consequence of the SG phase voltages waveforms. They contain the 3", 5™, 7%, 9®
order harmonics, and the LC filter of the DL behaves as a filter, having a low
impedance for these harmonics. The current harmonics content can be essentially
reduced by using an active power filter (APF). The authors intend to solve this
problem in the future studies.
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In the second step, the system dynamic behavior is tested. The results are
presented in Fig. 9. At 1= 0.5 s, the load is connected to the SG lines. As the SG
power remains constant, the connection of the additional load affects the power
balance, and the frequency decreases. The DL will act in consequence and decrease
its power until the frequency is brought to the rated value of 50 Hz.

Lh
—

=

La
w
[}

sl

[es)

SG Currents [p.u]
=)

DL Out. [p.u] Frequency [Hz]
£ b

05 ; ; ! ; 0.4
0 002 o004 008 008 01 0z
Time [s] 0o : ; :
o) 1 2 3 4 5
Time [s]

Fig. 9 — Frequency and DL output during load

Fig. 8 — SG line currents. .
connection.

5. CONCLUSION

The paper has shown some power quality aspects in a stand-alone microgrid
that uses a dump load (DL) to ensure the frequency stability. Three configurations
of DLs are compared from the current harmonics content point of view.

The authors suggest a new DL configuration, which improves the power
quality in many aspects. Between all the previous studied DLs and those found in
literature, the proposed DL has less harmonic content than the others, and it has the
possibility to enhance the behavior with an unbalance compensation feature.

The accomplished simulations and experiments show the practical
approaches and the effectiveness of the proposed solution.
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