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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.  

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
0

2

4

6

8

10

12

14

16

 

 

T
H

D
 (

%
)

Simulation time (s)

 
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. 
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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 
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system to keep the pump running and injecting the reactive 
power required by the grid, without any additional strategy 
or devices. 
 
Acknowledgement 
 
This research was funded by the CajaCanarias Foundation 
(grant number 2019SP25). 
 
References 
 
[1] United Nations, “Population in the World,” 2022. 

[Online]. Available: https://www.un.org/es/global-
issues/population. [Accessed: 20-Feb-2022]. 

[2] D. Pimentel and M. Burgess, “World Human Population 
Problems,” in Encyclopedia of the Anthropocene, D. A. 
Dellasala and M. I. Goldstein, Eds. Oxford: Elsevier, 
2018, pp. 313–317. 

[3] D. Rodríguez-Urrego, D. Cañadillas-Ramallo, B. 
González-Díaz, and R. Guerrero-Lemus, “Analysis of 
the Water-Energy Nexus Applied to an Insular System: 
Case Study of Tenerife,” Sustainability, vol. 14, no. 3, p. 
1653, Jan. 2022. 

[4] A. Hafeez et al., “Solar powered decentralized water 
systems: A cleaner solution of the industrial wastewater 
treatment and clean drinking water supply challenges,” 
J. Clean. Prod., vol. 289, 2021. 

[5] P. Cabrera, J. A. Carta, H. Lund, and J. Z. Thellufsen, 
“Large-scale optimal integration of wind and solar 
photovoltaic power in water-energy systems on islands,” 
Energy Convers. Manag., vol. 235, 2021. 

[6] J. Vishnupriyan, P. Partheeban, A. Dhanasekaran, and 
M. Shiva, “Materials Today : Proceedings Analysis of 
tilt angle variation in solar photovoltaic water pumping 
system,” Mater. Today Proc., no. xxxx, 2022. 

[7] S. Verma et al., “Solar PV powered water pumping 
system - A review,” Mater. Today Proc., vol. 46, pp. 
5601–5606, 2020. 

[8] N. Habib Khan, R. Jamal, M. Ebeed, S. Kamel, H. 
Zeinoddini-Meymand, and H. M. Zawbaa, “Adopting 
Scenario-Based approach to solve optimal reactive 
power Dispatch problem with integration of wind and 
solar energy using improved Marine predator 
algorithm,” Ain Shams Eng. J., vol. 13, no. 5, p. 101726, 
2022. 

[9] D. Cañadillas, H. Valizadeh, J. Kleissl, B. González-
Díaz, and R. Guerrero-Lemus, “EDA-based optimized 
global control for PV inverters in distribution grids,” 
IET Renew. Power Gener., no. December 2019, pp. 
382–396, 2021. 

[10] S. Jashfar and S. Esmaeili, “Volt/var/THD control in 
distribution networks considering reactive power 
capability of solar energy conversion,” Int. J. Electr. 
Power Energy Syst., vol. 60, pp. 221–233, 2014. 

[11] B. González-Díaz, J. F. Gómez-González, D. 
Cañadillas-Ramallo, J. A. Méndez-Pérez, and R. 
Guerrero-Lemus, “Reactive power management to 
enhance solar energy penetration in small grids: 
Technical and framework approaches,” Renew. Energy 
Power Qual. J., vol. 17, no. 17, pp. 583–588, 2019. 

[12] R. Passey, T. Spooner, I. MacGill, M. Watt, and K. 
Syngellakis, “The potential impacts of grid-connected 
distributed generation and how to address them: A 
review of technical and non-technical factors,” Energy 
Policy, vol. 39, no. 10, pp. 6280–6290, 2011. 

[13] Comisión Europea, “Reglamento (UE) 2016/631 de la 
Comisión de 14 de abril de 2016 que establece un 
código de red sobre requisitos de conexión de 

generadores a la red,” D. Of. la Unión Eur., no. 112, 
27 de abril, 2016. 

[14] S. X. Chen, Y. S. F. Eddy, H. B. Gooi, M. Q. Wang, 
and S. F. Lu, “A centralized reactive power 
compensation system for LV distribution networks,” 
IEEE Trans. Power Syst., vol. 30, no. 1, pp. 274–284, 
2015. 

[15] S. Souri, H. M. Shourkaei, S. Soleymani, and B. 
Mozafari, “Flexible reactive power management using 
PV inverter overrating capabilities and fixed 
capacitor,” Electr. Power Syst. Res., vol. 209, no. 
March, p. 107927, 2022. 

[16] V. Calderaro, G. Conio, V. Galdi, and A. Piccolo, 
“Reactive power control for improving voltage 
profiles: A comparison between two decentralized 
approaches,” Electr. Power Syst. Res., vol. 83, no. 1, 
pp. 247–254, 2012. 

[17] S. Keawthai and S. Po-Ngam, “Simplified active 
power and reactive power control with MPPT and 
islanding detection for three-phase grid-connected 
photovoltaic inverters,” ECTI-CON 2015 - 2015 12th 
Int. Conf. Electr. Eng. Comput. Telecommun. Inf. 
Technol., 2015. 

[18] N. Bhujel, “Grid connected PV inverter,” MATLAB 
Central File Exchange, 2022. [Online]. Available: 
https://es.mathworks.com/matlabcentral/fileexchange/6
6600-grid-connected-pv-inverter. [Accessed: 10-Jan-
2022]. 

[19] S. Aminzadeh, M. Tarafdar Hagh, and H. Seyedi, 
“Reactive power management for microgrid frequency 
control,” Int. J. Electr. Power Energy Syst., vol. 120, 
no. March, p. 105959, 2020. 

[20] A. M. Abdulmohsen and W. A. Omran, 
“Active/reactive power management in islanded 
microgrids via multi-agent systems,” Int. J. Electr. 
Power Energy Syst., vol. 135, no. August 2021, p. 
107551, 2022. 

 

https://doi.org/10.24084/repqj20.294 312




