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1 Introduction

The increase of the number of PV installations has great
impact on the electricity network, makes the grid more de-
centralized and the grid quality can be seriously affected.
For this reason, nowadays some new functionalities are re-
quired for the PV systems in order to keep the grid (at least
at the connection point of the PV system) in compliance
with the quality standards. One of these new requirements
is the control of the active and the reactive power that the
inverter injects to the grid. The presented work applies
passivity-based control to get the aforementioned control.
This control has been successfully applied to power convert-
ers ([1], [2], among others) but not yet been for the control
of the power in single-phase PV inverters.

2 Proposed passivity-based control

Figure 1 shows the scheme of the proposed control. The
PV inverter is connected to a non-ideal grid (modelled by an
impedance and an ideal sinusoidal source). The state equa-
tions (in averaged values) of the PV inverter are:

Cz) = —uzn +fp1-(Z|) and Lz =uzy —vep (1)

where z; and z» correspond to the capacitor voltage and
the inductor current, respectively, u € [—1,1] is the control
(duty cycle), vep = Acpsin(wt) is the voltage at the connec-
tion point and fp,(z1) = A — Wel®1) is the current deliv-
ered by the PV array. The controller requires a reference
generator which generates the current reference, &(1) =
Aysin(ot — 6), to be tracked by the PV inverter. The values
of the amplitude and phase of the current reference are cal-
culated applying the well-known expressions that relate both
values with the active and the reactive power references, see
figure 1. The block diagram depicted in the figure 1 also
shows the passivity-based controller proposed in this work.
The controller determines the control signal from the val-
ues of the current reference, &(r), the current injected to the
grid, z, the PV array current, f,,(z;), and the voltage at the
conneclion point, vep.

The passivity-based control ensures global asymptotic con-
vergence of the tracking error to zero when the active and
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the reactive power of the single-phase PV inverter are set
and the PV inverter shows robust current tracking with fast
dynamics. The control can be particularized in the cases of
strong and weak grid operation. In the last case, the knowl-
edge of the grid impedance and the injected active power
allows to calculate the value of the required reactive power
in order to set the amplitude of the voltage at the connection
point. Numerical simulations when the power references are
changed and when the PV irradiance varies have been devel-
oped to validate the control performance.

foulz1) 23 Z g
T T
zy PV Inverter Vep Uy
e ]

HT 2 AL‘Pl
PP .
“'I {1.152 Yer —Taf2} ¢,
Cf = —ufz+ frulz), 2 [ .2 Q"
2= 25— AI_J"T-;-\I{P TH
Heference Generator
£3(t) = Apsinfwt — &)

fppfzﬂ £y Vep

Figure 1: Passivity-based control of the active and the reactive
power in PV inverters connected to the grid.
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