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Abstract.

The main problem found in the implementation of small
microgrids where consumption is based on a certain
number of loads (8,326,369 KWh total in the Canary
Islands in 2017) [1] is the great variability of obtaining
energy (361,1 MWh total in 2017) from renewable
sources, the most important in the Canary Islands being
wind and photovoltaic [2]. For these microgrids to be
feasible and their power flows to be as constant as
possible they must contain storage means, so that this
energy can be used to stabilize the microgrid by
compensating the irregularities of renewable energy
sources [3], using them to perform regulation of voltage
and frequency. In this sense, the batteries degrade very
quickly when having to perform this type of highly
dynamic efforts.

The purpose of this paper is to make a model of lead-acid
battery and investigate the possibilities of application that
the use of these batteries could have in the field of
renewable energy. Specifically in the simulation of power
electronics and control of back-to-back converters that
allows to analyze, in different ranges of applications in a
microgrid system of Pozo Izquierdo, where the following
measurements have been made.
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1. Introduction

The designed system, consisting of the following elements
of a power electronics system, (Fig. 1), are two
bidirectional  four-quadrant AC/DC and DC/AC
converters. The use of double-quadrant converters known
as Back-to-Back converters stands out in the field of small
and medium power synchronous generators that operate in
a very variable speed regime, such as wind generators. In
this type of applications it is common to use an AC/DC
conversion stage to transform the energy generated from
alternating current into direct current, as a preliminary
step to DC/AC transformation, in the same way for its
coupling to an electrical system with a fixed frequency
and voltage [4].

The DC bus is the energy "store" of the inverter, normally
accessible at the terminals. The scheme is simplified and
only a battery and capacitor appears to minimize the ripple
of the current from the Complete Three-Phase Switch
Bridge, since in reality there are more elements to
stabilize the energy, therefore, the converter, in its DC
Bus has to work between a maximum and a minimum
voltage [5].
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Fig. 1. Schematic system with bidirectional
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2. DC Bus modelling and simulation

Although accumulators are a widely used element in a
large number of high and low power applications, they are
still difficult to control, due to the fact that the
electrochemical reactions that govern their behaviour are
very complex. This is why it is necessary to model the
accumulators, to control to some degree the performance
of the battery and foresee its evolution both in the short
and long term, under different working conditions

The great versatility of application of the batteries means
that they can be subjected to a wide range of operating
conditions. For this reason, to carry out the modeling of
this electrochemical system, first of all, it is necessary to
know its main characteristics and how they are affected by
the working conditions in which it is carried out.

A lead-acid battery has several features that provide
information about it, which can be divided into three
groups:

1) Physical magnitudes directly measurable on the
battery,

2) Characteristics to be determined on the basis of
laboratory tests,

3) Indicators that can only be estimated on the basis
of other magnitudes of the accumulator belonging
to the two previous groups.

Within the physical magnitudes that can be measured in
the accumulator are the voltage, current, temperature and
density of the electrolyte. The characteristics to be
determined by laboratory tests are: capacity, internal
resistance, and frequency response; and finally, the
indicators to be estimated correspond to the electrolyte
density:

1) State of Charge (SoC)
2) State of Health (SoH).

The accumulator characteristics directly measurable
magnitudes have the particularity of being measured
directly from the battery, by means of specialized sensors
for this purpose. They correspond to: voltage, current,
temperature, and density of the electrolyte ([6]-[9]).

While the magnitudes of the accumulators obtained
through experimental tests, the characteristics of the
energy accumulators to be determined were analyzed:
Capacity, internal impedance and frequency spectrum. The
frequency spectrum of an accumulator provides
information on the status of the accumulator [10]. This
information is related to battery characteristics, such as
SoC, SoH, temperature, life cycles, among other
parameters [11]. The frequency response of the
accumulator is determined by the technique called
Electrochemical Impedance Spectroscopy (EIS) [12]. This
technique involves applying a sinusoidal voltage of
variable frequency to the system under study and recording
its current response. Once this has been done, the
impedance at the given frequency is determined as the
quotient between the applied voltage and the current
measured at the output, where the time lag is not taken into
account as this value is despicable.
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A. DC Bus Modelling Development

The adaptation to the PSIM simulation program will be
done by means of the integral method of the current. This
method consists of recording by means of sensors, the
incoming or outgoing current of the accumulator bed and
integrating it to estimate the capacity that has been
extracted. Once this is done, the SoC is determined [13]
by the equation (1):

1 r
Sol = SEED_C_J‘ Idr
Mty 1)

Where, Cy corresponds to the nominal capacity of the
accumulator and | corresponds to the input/output
current. Commonly to the expression (1), a coulombic
efficiency factor is added (n;), for which it is transformed
into the expression given by (2):

1 r
n; - ldt
R @

Sol = Soly —

Where n;=1 for charging and ni<1 for discharging. The
algorithm corresponds to a closed control loop, in which
the accumulator affects the plant of the system, which has
two inputs, the first of them conforms to the real SoC,
and the second to the input/output accumulator current. It
should be noted that the actual SoC is the result of the
sum of the SoC determined by the integral of the current
and the output of the feedback. Finally, it should be noted
that the system reference corresponds to the voltage at
the battery terminals. In summary, this algorithm tries to
correct the errors due to the integral of the current, using
a control system, which contributes to improve the
accuracy of the SoC based on keeping the output of the
plant equal to the reference. The algorithm thus
formulated, is compared with the conventional method of
integral current, resulting in more immune to noise and
errors in initialization [14].

The advantages of this approach are that its
implementation requires few computational resources in
comparison with other methods ([15]-[16]), in addition to
being able to be used in real time, and finally, its
development has been done with real data generated by a
programmable load. The disadvantage of this study is
that it does not take into account the effects of
temperature on the system, and it does not use an
efficiency factor in the integral of the current (n;).
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:Fig. 2. Schematic of chargé function (i*<1)
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Fig. 3. Schematic of the discharge function (i*>1)

B. Validation of the battery model for the DC Bus

We have applied to our theoretical model ([17]-[19])
conditions equivalent to those used in the tests carried out
in the ITC's Power Electronics laboratory. Specifically, a
constant current source of about 38.9 A for the load and an
electronic load equivalent to a constant discharge of 40 A.
In the equivalent model applied at the time of charging
(Fig. 2), there is a series current source with an equivalent
resistance of the wiring used to carry energy to the lead-
acid battery bank. Applying the voltage equivalent to that
used in the charge and discharge tests to the DC bus gives
the curve (Fig. 4).
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Fig. 4. Simulation of the battery bank charge curve.

The curve was obtained by modifying the system so that
the simulation could be carried out in a reasonable time,
observing that it is practically identical to the real one
during the loading process. As for the discharge (Fig. 3),
when performing the simulation under conditions that
would allow the time scale to be reduced, the result can be
seen in the following curve (Fig. 5), where it is also
observed that it is quite close to the real measurements.
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Fig. 5. Simulation of the discharge curve of the battery bank.

C. Simulation of the Double Quadrant Converter

It is assumed that the control system of the double
quadrant converter will modify the voltage to adapt to the
level of load required on the DC Bus. The simplified
model is shown in next figure (Fig. 6)
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Fig. 6. Controlled three-phase rectifier with automatic
correction of Power Factor and total harmonic distortion

With the battery bank completely discharged, the voltage
present at the DC bus input, VVdc (Fig. 7).
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Fig. 7. Voltage present on DC bus with discharged battery bank

At the same time interval, the charge current has the next
waveform (Fig. 8). The average current is about 64 A
under these conditions. Next, the average current, starting
from the totally charged battery bank (Fig. 9-10).

e

Fig. 9. Voltage present at DC bus input with fully charged
battery bank

Fig. 10. Detail of the voltage present in the terminals of the
battery bank once it is fully charged.

In this time interval the voltage between phases at the
output of the converter remains constant, and to
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compensate for the voltage loss, more and more current is
requested from the DC bus (Fig. 11).

Fig. 11. In red, the instantaneous current demanded from the DC
bus is observed, while in blue, the average current.

Note that in simulations, the capacitor is simply for filtering the
ripple signal on the DC bus.

3. Conclusion

In the DC bus, below the minimum voltage, the converter
cannot supply the necessary power to the grid, and the low
voltage alarm appears in the converter control system.
Above the maximum voltage, the converter would be
supplying too much power to the grid. In most cases, a
high voltage on the DC bus indicates that the grid is
supplying power to the converter, i.e. the grid does not
work as a consumption, but as it is functioning as an
electrical generator.

The battery bank operates correctly in the proposed system
and maintains the intended voltage once fully charged.
Both in the charging process and in the discharge process,
it can be observed that the battery bank coupled to the
double quadrant converter are capable to store enough
energy to maintain for a certain time period by charging
the operation of the entire system. This period of time
depends on the working frequency of the slide grid which
is usually more or less constant. This system would
support up to micro power failure<lsec.
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