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Fig.7. Inverter, motor and grid current during the simulation time
for the solar pump connected to the grid with active power
injection.

Figure 8 includes the THD over the simulated period.
After the initialization stage of0.2s, THD peaks are
observed related to the pump rotation start ramp, where the
system is reaching the nominal conditions. The other two
peaks’ series are intrinsically related with the reduction
and the following increase of the irradiance values. After
returning to the stable irradiation regime, the THD
decrease below 1% distortion.
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Fig.8. THD evolution during the simulation time for the P
injection into the grid.

C. Demand of inductive reactive power

As it has been mentioned previously smart inverters can
perform the Q (V) strategy in a broad band operation. In
this case, the inverter can run with a power factor from 0.8
inductive to 0.8 capacitive. To analyse the system
response, these two limit cases have been implemented
and simulated.

In figure 9, the irradiation profile and the DC power for the
maximum available inductive Q are shown. Under this
strategy, the characteristic transient due to the pump is
reduced.
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Fig.9. Irradiation profile (blue) and DC PV power (red) of the
solar pump connected to the grid with active power injection
and inductive reactive demand.

To evaluate this transient shortening, the currents by
phase from the inverter, motor and grid are compared in
Figure 10. During the transient, as the grid is demanding
inductive Q, the pump nominal conditions are reached in
a shorter time frame. However, the waveform detected
implies that the current is near to the magnetization
border in the hysteresis cycle.
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Fig.10. Inverter, motor and grid current during the simulation
time for the solar pump connected to the grid with active power
injection and inductive Q demanded by the grid.

However, the motor reaches the nominal rotation speed
and the demanded torque. The THD in this operation
mode (Figure 11) reveals a fast reduction after the pump
start-up. There is not THD due to the variation of the
irradiance levels. This result is interpreted as the
demanded amount of reactive power favours the
development of proportional integrators within the MPPT
algorithm.



THD (%)

0 T T T T T T T
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1.4

Simulation time (s)

Fig.11. THD during the simulation time of the grid connected
system with P injection and inductive Q demanded by the grid.

D. Demand of capacitive reactive power

Figure 12 shows the irradiation profile and the DC power
for the maximum available capacitive reactive. In this
strategy, the combination between the frequency variation,
the proportional integrators from the MPPT algorithm and
the capacitive reactive demand from the grid produces a
non-convergence of the control system from the inverter
and it is not possible to supply the adequate power to the
pump, producing a malfunction.
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Fig.12. Irradiation profile (blue) and DC PV power (red) of the
solar pump connected to the grid with active power injection and
inductive capacitive demand.

The inverter, motor and grid currents per phase (Figure 13)
analysis reveal that the demanded Q produces a failure in
the pump operation and the current injection do not meet
the grid requirements to an adequate active power
injection. The THD shown in Figure 14 reinforce the
interpretation that the inverter not being able to follow the
Q(V) strategy.

This result points out the need to a multi-agent strategy to
provide the adequate requirements to the solar pump, at the
same time that the reactive power demand from the grid is
fulfilled [20]. According to the literature, the introduction
of a battery and the adequate management of the frequency
control could assist to provide the adequate power to the
solar pump without compromising the grid requirements
[19].
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Fig.13. Inverter, motor and grid current during the simulation
time of the grid connected system with P injection and
capacitive Q demanded by the grid.
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Fig.14. THD during the simulation time of the grid connected
system with P injection and capacitive Q demanded by the grid.

E. Regulatory challenges

Connected solar pumps are arising as an interesting
alternative to obtain water in islanded systems, from a
sustainable perspective of the water-energy nexus [3].
The solar pump working in parallel to the grid can
provide active power without compromising the pump
working conditions. In contrast, additional technical
questions must be addressed to demand reactive power in
safety operational conditions.

Moreover, from the regulatory point of view, new
challenged has come up to develop the adequate
framework to habilitate the secondary regulation from the
solar pump systems, inside of the small grids and
islanded systems, improving the sustainability of the
territories.

6. Conclusions

In this work, different operation modes of a solar pump
system have been modelled and compared against the
obtained values from a real facility

Islanded mode and active power injection of the energy
excess of the system into the grid are completely feasible
with the control strategies from the commercial inverter.
For the Q(V) strategy, when capacitive Q is demanded
from the grid to adjust the voltage levels, the results
reveal the presence of the pump is interfering with the
control loops, being impossible to establish an effective



system to keep the pump running and injecting the reactive
power required by the grid, without any additional strategy

or devices.
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