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ABSTRACT: This paper describes a 160 kWp PV irrigation system at constant pressure installed in Valladolid, Spain. 

The objective of this paper is to present the design, as well as the implementation of the system. Moreover, monitoring 

data, from 22nd June to 31st August 2017, is analyzed and some first results are presented. During this period, the system 

was working, on average, almost 10 hours per day, which corresponds to 2085 m3 of pumped water per day. 
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1 INTRODUCTION 

 
Nowadays there is a paradigm-shift in the energy 

systems, the electricity price is increasing [1] and fossil 

fuels are depleting. These facts led to an investment in 

renewable energies. As it is known, irrigation for 

agriculture is a highly consuming activity of electricity 

and water [2]. Because of that, the world of irrigation 

requires innovative solutions [3], less water and energy 

dependent, to face up this problem. A H2020 project 

called MASLOWATEN [4] recommends solutions, and 

includes the installation of 5 real scale photovoltaic water 

pumping systems as a way to answer the irrigators’ 

needs. This paper is about one of these PV water 

irrigation systems that is installed in Valladolid, Spain.   

The objective of this paper is to show the design 

(Section 2), the installation (Section 3) and first results 

(Section 4) resulting by analyzing the monitoring data 

obtained since 22nd June 2017 to 31st August 2017. 

  

 

2 DESIGN 

 

2.1 System configuration 

The previous irrigation system was composed by a 

diesel generator that fed two frequency converters which 

in turn fed two pumps. The first one is a submersible 

pump of 92 kW (Caprari - E10S50S/6C+MAC10125DS-

8V), which pumps water from a 140m-deep borehole to 

an elevated reservoir of 1000 m3 and the other is a 30 kW 

surface centrifugal pump (Caprari - MEC-

AS2/80A+FELM 30KW 2P) in charge of pumping at a 

required constant pressure by an accurate performance of 

the pivot sprinkles. It was also already installed an 

irrigation automatism (Agronic 2500). 

MASLOWATEN project has several premises. One 

of them is the concept of adapting the PV pumping 

system to the existent one. Accordingly, the PV system is 

integrated in the irrigation system with no changes is this 

last one.  

The PV system includes a 160 kWp PV generator 

divided into 8 North-South horizontal trackers, as well as 

three additional frequency converters (FCs), able to 

transform the direct current (DC) generated by the PV 

modules to alternating current (AC). 

Two of these FCs fed the previous pumps, allowing 

both of them to work with PV energy. The third one 

feeds the pivots (working all the time at 50 Hz, 

simulating an electrical grid). A Programmable Logic 

Controller (PLC) was also added to the system in order to 

facilitate the communication between irrigation and 

energy parts of the system.  

For a better understanding of the system, Figure 1 

includes the main components of the PV irrigation 

system (in green), together with the previous system (in 

red). As it can be seen, the previous system is still 

operative. Accordingly, the PLC allows the user to select 

between the previous and the new PV system allowing 

the user to come back to it if necessary. This makes 

easier to get the confidence of the user in the new PV 

irrigation system. 

As well, a datalogger system is integrated in the 

system in order to monitor the system operation. 

 

 
Figure 1: Current irrigation system 

 

2.2 System operation logic 

By definition this system is considered a stand-alone 

PV pumping system. However, since the diesel generator 

was kept, there were created 3 operation modes that the 

user can manually choose: 

- PV mode, in which all the energy comes from 

the photovoltaic system. 

- PV/Diesel mode, in which both the pivots and 
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the irrigation pump are fed by the PV system 

and the other pump is fed by the diesel 

generator. 

- Diesel mode, in which the diesel generator fed 

the entire system (previous system). 

Since the PV production is limited to the peak power 

installed as well as the weather conditions, the power is 

not the same along a day. So, it was necessary to create 

an operating logic control based on the available PV 

power, the water level in the tank and the end-user 

irrigation needs.  

If there is no irrigation, only the borehole pump (BH 

pump) is allowed to work. Otherwise, both pumps can 

work. 

Table I shows the system operation logic according to 

user’s need to irrigate based on the available PV power.  

 

Table I: Operation of the system when there is an 

irrigation program 

 

 
Increase in PV 

power 

Decrease in PV 

power 

  
Irrigation Pump 

30 kW 
Irrigation Pump 

35 kW 
Irrigation Pump 

36 kW 
Irrigation Pump 

45 kW 
Irrigation Pump 

51 kW 
Irrigation Pump 

Irrigation Pump +  

BH Pump 
110 kW 

Irrigation Pump + BH Pump 
 
 

As it can be seen a hysteresis logic was programed to 

avoid the continuous stop and start of the pumps 

regarding to small variations of the PV power.  

Regarding to the water level control in the tank, there 

are installed 4 floating markers (L1, L2, L3 and L4) as it 

can be seen in the next figure.  

 

 
Figure 2: Water tank with the 4 levels 

 

As well as in the case of the threshold power control, 

in order to avoid stop/start cycles of the pumps due to 

water tank levels, it is also used a hysteresis control. L1 

and L2 are related to the irrigation pump, while L3 and 

L4 to the borehole one.  

 In what concerns L1 and L2, if an irrigation program 

starts with a level equal or higher than L2, the system 

will start to irrigate. If during the irrigation program the 

water level falls below L1, the pump will stop and a 

signal will be received by Agronic to conditionally stop 

the current irrigation program. A new start or a 

continuation of an irrigation program can only occur 

when the water level is equal or higher than L2.   

Similarly, if the BH pump is working, this pump will 

stop automatically when water reaches L4. Then, this 

pump will only start again when water level is equal or 

lower than L3.  

Besides the operating logic that exists, both 

frequency converters have their own program. The 

frequency converter from the borehole pump has a 

Maximum Power Point Tracking (MPPT) routine (which 

maximizes and improves the efficiency of the PV 

production). On the other side, the irrigation pump does a 

pressure control routine, in which from an analog signal 

of the actual pressure, by perturb and observe method 

reach the pressure setpoint. It is able to pump in three 

different pressure setpoints (3, 4 and 5 bar) according to 

the field sector that is being irrigated. This frequency 

converter is also able to send error signals to the PLC of 

high and low pressure level. Both frequency converters 

have passing clouds routine that allows the system to not 

destabilize with fast deviations on the irradiance that 

incises over the PV generator.  

The FC of the pivots, besides the passing shadows 

algorithm, is parameterized to work continuously at 50 

Hz, simulating the grid. 

 

 

3 IMPLEMENTATION 

 

In order to have a better picture of the overall system 

under analysis, the next figures show the real system. 

Figure 3 shows the PV generator and its integration on 

the field.  

 

 
Figure 3: PV Generator 

 

The following figures (Figure 4 and 5) show an 

inside view of the building with the 5 frequency 

converters (marked in green) and the monitoring and 

control system (marked in orange). 

 

  
Figure 4 and 5: Inside view from the building with 

electronic, control and monitoring system 
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The following figures include the 1000 m3 

intermedium water tank, between the borehole pump and 

the irrigation system, and a pivot structure with the low 

pressure sprinklers.    

 
Figure 6: Water tank   

 

 
Figure 7: Pivots with low pressure sprinklers  

 

 

4 FIRST RESULTS 

 

The results presented in this section were obtained 

from data recorded between 22nd June and 31st August 

2017. In this period, due to a monitoring problem in 4 

days, we are taking into account 67 days.  

The irrigation pump worked for 1225 hours and the 

borehole pump for 1283 hours, which means a total 

volume of water of 123921 m3 and 128273 m3, 

respectively. These values indicate that each pump 

worked nearly 20 hours per day, which means that the 

system worked not only with PV but also with the 

previous system (during nighttime). 

It is interesting to mention these values in PV mode. 

The irrigation pump worked for 637 hours and the 

borehole pump for 580 hours, which means a total 

volume of water of 61751 m3 and 77926 m3, respectively. 

It is possible to quantify the PV penetration occurred 

in this period. In table II, in addition to the previously 

mentioned data, it is made a distinction if penetration is 

done considering the irrigation and pumping hours or the 

volume of water provided by the photovoltaics and the 

diesel generator, 47% and 58%, respectively. This 

difference can be explained because when the system 

works in the diesel mode, the borehole pump frequency is 

limited to 42 Hz, because of the diesel generator capacity. 

Notwithstanding when the system is working in the PV 

mode it pumps most of the time at 50 Hz, pumping for 

that reason more water. 

 

 

Table II: Measured data and first results 

 

Variable Unit Value 

Irrigation hours [h] 1225 

Pumped hours [h] 1283 

Total volume of irrigation water [m3] 123921 

Total volume of pumped water [m3] 128273 

PV hourly penetration [%] 47 

PV water flow penetration [%] 58 

 

Regarding to the performance ratio (PR) parameter, 

in this paper, it is made a distinction between the typical 

PR, 0.61, and an irrigation hours PR (PRI-H), 0.68. This 

last one considered the irradiation only when the system 

is pumping. 

 

Table III: Performance ratios  

 

Performance Ratio Value 

PR 0.61 

PRI-H 0.68 

 

Until here, only global values were presented. To 

better know the way the PV system works, the following 

figure represents a typical daily profile of irradiance and 

frequency of both pumps. 

 

 
Figure 8: Pumps frequency related with the incident 

irradiance (11th July 2017) 

 

Based on the irradiance profile, one can say that 11th 

July 2017 was a clear sky day (no clouds). During this 

day, the irrigation pump started to pump over 8:30 AM 

and the borehole pump 30 minutes after. Both pumps 

work for almost 12 hours fed by the PV system. During 

the day the irrigation pump changed the output frequency 

regarding to the change of field sectors that are irrigating 

and its correspondent pressure setpoint. On the other 

hand, once the tank was not full the borehole pump was 

able to pump almost all day at its maximum frequency 

(50 Hz).  

 

 

5 CONCLUSIONS 

 

The results show the performance of a real 

demonstrator with so high requirements of irrigation, 

around 20 hours per day. Considering this, the PV 

penetration was almost 60%. Nevertheless more working 
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time is needed to show the long term viability of the 

system, but these first results show a high reliability of 

the system – on average it is pumping over 2000 m3 a 

day. 
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