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Abstract

The rising popularity of renewable energy sources resulted in
development of the units of higher rated powers, where the large-
scale plants and grid-connected type solar power systems are
increased. Therefore, the importance of grid stabilization, which
depends on each country or system-type, has been strengthened by
different grid-codes or certifications. In this paper, the control
scheme of three-phase photovoltaic system is enhanced, where
both injected active and reactive powers are simultaneously
controlled with the consideration of the certification of the
Germany Association of Energy and Water Industries (BDEW).
Experimental results are shown to verify the theoretical analysis.

1. Introduction

Generally, a PV system is categorized into the stand-alone and
grid-connected type. In the global market, a large proportion of PV
solar power is supplied by the grid-connected type. The
conventional current control of grid-connected PV system is to
supply the maximum available active power from the PV array to
the grid. However, if the grid voltage and its frequency are varied,

the amount of consumed power is relatively changed. For example,

the grid frequency depends on the supplying-speed of the supply
power. Hence, the active power is controlled for grid frequency
variation based on the Germany Association of Energy and Water
Industries (BDEW) certification. Furthermore, the conventional
current control scheme cannot remain the desired power to the grid
in case of grid voltage variations (maximum =*10%) or
independently control the output active power. To solve this
problem, the grid-connected PV system should not only supply
active power to the system via the maximum power point tracking
(MPPT), but also the reactive power and improve the power
quality with power control technique, due to the strict standard and
grid code requirements [1]-[4].

This paper is focused on the active/reactive power control
scheme for a three-phase grid-connected PV system with the use
of instantaneous power theory. The power control part is integrated
with the conventional synchronous current control scheme, where
the certification of BDEW is taken into account. The proposed
control method not only can compensate the reactive power
demanded by a dip grid but also perform the power quality control
(PQC). The experimental results are shown to verify the
effectiveness of proposed control scheme.
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Fig.l Configuration of three-inverter system

2. Power Control Scheme for Grid-Connected
Voltage Source Converter (VSC)

According to [5], active and reactive powers can be calculated
using the voltage and current in the gd form as follows:

P=z( +Vdd [qd]r[ }
BR[O

Assuming vq4 to be zero, which can be ensured by an adequate
tracking of the grid voltage measure using a PLL, (1) implies that
active/reactive powers are proportional to iq and i4, respectively.
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2.1 Active Power Control

Fig. 2 shows the overall control structure, where the current
reference signals are generated by power control part. As shown in
Fig. 2, the active/reactive powers of the grid-side should be
continuously measured using (1), and instantaneously separated
into their average and oscillating parts. In the real implementation,
this separation is realized through a low-pass filter. The cut-off
frequency of low-pass filter must be selected carefully as to
inherent dynamics that lead to compensation errors during
transients. Unfortunately, the unavoidable time delay introduced
by the low-pass filter may degenerate the entire performance of the
system during transient.

A dc voltage regulator should be added to the control strategy in
a real implementation. In fact, a small amount of average real
power (Piss) must be drawn continuously from the power system
to supply switching and losses in the PWM converter. Otherwise,
this energy would be supplied by the dc capacitor, which would
discharge continuously. This means that the dc voltage must be
kept higher than the peak value of the ac-bus voltage, in order to
guarantee the controllability of the PWM current control.
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Fig2 Power control scheme
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Table 1. System parameters

Rated power 100[kW]

Grid voltage 380[V]

MV transformer 380[V]/20[kV]
LC-filter inductance 65[uH]
LC-filter capacitance 200[uF]
Switching frequency 3[kHz]

Grid frequency 60[Hz]

All renewable-based generating units must reduce its
instantaneous active power with a gradient of 40% of the
generator’s instantaneously available capacity per Hertz while in
operation, at a frequency of more than 50.2 Hz. If the frequency
returns to a value of f < 50.05Hz, the active power output may be
increased again as long as the actual frequency does not exceed
50.2Hz. This control is realized in a decentralized manner (at each
individual generator). The neutral zone must be below 10mHz [2].

2.2 Reactive Power Control

In case of using 2"-oder or 3"-order output low-pass filter, the
reactive components in filter capacitors shown in (2), must be
considered in the control design.

4o =3ive = 3(Vc/zc W, = 3a)CvC2 )
where o is the grid frequency (rad/s), C and v. are the filter
capacitance and voltage, respectively.

The reactive power set point can be either fixed or adjustable by
a signal from operators. The set point value is either

= A fixed reactive power value in MVar or

= A fixed PF or

= A variable reactive power depending on the voltage
Q(V) or

= A variable PF depending on the active power [4].

Based on the fact that the reactive power can be consider as a
function of power factor, hence, the reactive power reference can
be chosen as follows:

% % %

q =p tan [a cos(PF )] 3)

where “*” denotes the reference values. The PF is adjusted within
the appropriate range (-0.95 to 0.95 depends on the inductive
(lagging) or capacitive (leading) cases).

Hence, the reactive power control can be considered as a closed-
loop control so far, where both reactive power and PF can be
controlled.

3. Results

The system parameters are listed in Table 1. Fig. 4(a) show the
output power responses in case of current control when voltage
dips, where that of power control case is shown in Fig. 4(b). As
shown, the power control can remain an approximately rated
power at 10% dip voltage. Fig. 5 shows the reactive power control
via PF changing.

The experimental results show a good performance of proposed
control structure.
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4. Conclusion

This paper was focused on the enhancement of control scheme
for three-phase high power PV inverter systems using power
control technique. Both injected active/reactive powers are
simultaneously controlled with the consideration of the
certification of the Germany Association of Energy and Water
Industries (BDEW). Experimental results are shown to verify the
effectiveness of the proposed control approach.
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