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ABSTRACT: This paper presents the main technical results of MASLOWATEN, a H2020 European Project for the
market uptake of large-power photovoltaic irrigation systems (PVIS). Five large-power PVIS, with peak powers ranging
from 40 to 360 kWp were installed in real-farms of farmers, cooperatives, agro-industries and irrigator communities (one
in Portugal two in Spain, one in Italy and one in Morocco) to show their reliability and economic feasibility in order to
introduce them into the market. Furthermore technical specifications, business plan and a simulation tool for PVIS were
developed. Finally, the technology developed was transferred to more than 20 SME. The main technical results of the
project include: a solution to mitigate the problems associated to PV power intermittences due to passing clouds, the use
of North-South horizontal axis trackers in order to match PV production and irrigation needs, the development and
application of new performance indices based on the typical performance ratio of a PV system in order to understand the
performance of each component of a PVIS.
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INTRODUCTION

systems or hybrid systems combining PV with the grid or
with diesel generators. The project considered also the
development of technical specifications [8] and quality
control procedures for PVIS, a simulation tool [9] and
business plans, and technology transfer to small and
medium enterprises.

The majority of the current agricultural irrigation
systems are powered from the grid or diesel generators
[1]. However, the increasing price from these energy
sources [2], [3] boosted the development of alternative
solutions using renewable energies, namely PV solar
energy [4], [5]. Large-power photovoltaic irrigation
systems (PVIS) are becoming more and more attractive
also due to the high energy costs of modernized
agriculture (for example, in Spain, 40 to 50% of the
production cost of some crops is the energy cost to
irrigate).
These large-power PVIS have two main challenges
[6]: to match PV production and irrigation needs, and to
solve the problems associated with PV power
intermittencies due to passing clouds.
MASLOWATEN (a H2020 European Project for the
market uptake of large-power PVIS from September
2015 to August 2018 [7]) proposed innovative solutions,
less water and energy depend, to face up these problems.
This paper is about the main technical results of
MASLOWATEN. Section 2 describes the project, section
3 is about the main innovations of the project, section 4
briefly describes the 5 real-scale large-power PVIS
installed, section 5 includes the main results and finally
section 6 shows some conclusions.
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MAIN INNOVATIONS OF MASLOWATEN

The following technical aspects were studied within
MASLOWATEN:
a)

The problems associated to PV power
intermittences.
Instabilities have been addressed by specific FC
tuning control procedures and algorithms. These
procedures take advantage of the possibility of power
regeneration of the centrifugal pumps and have been
patented [10]. This way, instead of a sudden stop of the
motor-pump, its frequency is reduced but the motorpump never stops.
It should be mention that the use of batteries was not
considered as an option to solve this problem because
their reliability has not been proven yet.
b)

The match between PV production and
irrigation needs.
The use of a North-South horizontal axis tracker was
the solution adopted in the five real-scale large-power
PVIS and it seems to be the best solution [11], [12], [13].
This is very interesting both for pumping to a water pool
or direct pumping. It presents four main advantages.
First, it maximizes the water pumped during the
irrigation period (the match between the yearly profile of
irradiance and the yearly water demand of the crops is
very good, much better than with the typical static
structure facing the Equator [13]).
Second, the daily profile of irradiance is almost flat in
this type of tracker [13], which also benefits an irrigation
system [14].

MASLOWATEN PROJECT

MASLOWATEN included the installation of 5 realscale large-power PVIS, with powers from 40 to 360
kWp, installed in real farms of farmers, cooperatives,
agro-industries and irrigator communities to show their
reliability in real operating and their economic feasibility
to introduce them into the market. The demonstrators
cover the different possible configurations of the
irrigation systems: water pumping to a pool at a variable
water flow and direct pumping to the irrigation network
through sprinklers, pivots or drip systems at a constant
pressure and water flow; powered by stand-alone PV

1880

35th European Photovoltaic Solar Energy Conference and Exhibition

Third, this tracker also allows the enlargement of the
irrigation time per day when compared to the typical
static structure oriented to the Equator - the system will
start pumping earlier in the morning and will keep
working until later in the afternoon, [11], [15], [13].
Fourth, it requires less nominal power to pump the
same water volume than PV static structures [11], [13].
c)

The integration of the PV system in the preexisting irrigation system.
A significant part of the potential PV irrigation
market will be the retrofitting of already existing
irrigation systems fed by the national grid or diesel
generators [16]. Accordingly, it makes sense to keep the
already existing irrigation structure (motor-pumps,
irrigation controllers, pipe network, drippers, sprinklers,
pivots, etc.) and to integrate the PV system on it. In
addition to the irrigation system components it is also
very important to know the irrigation scheduling and
possible restrictions.

Figure 2: PVIS through pivots, Alaejos, Spain.


d)

Tools to guarantee the reliability of the system
for at least 25 years.
Technical specifications which include quality
control
procedures
were
developed
within
MASLOWATEN project. These specifications, which
should be included in the contracts, will not only
guarantee long-term reliability but also the optimization
of costs and energy efficiencies.

A 40 kWp stand-alone PVIS with 2 pumps
pumping from two different boreholes at a
variable water flow to an intermediate tank and
one pump to irrigate at a constant pressure
through sprinkles (in Sardinia, Italy) [19]–
Figure 3;

4. FIVE LARGE-POWER PVIS
The previous solutions have been applied in the
design and implementation of the 5 large-power PVIS:


A 360 kWp stand-alone PVIS pumping water
from a deep-borehole to a water pool at a
variable water flow (in Villena, Spain) [17] –
Figure 1;

Figure 3: PVIS through sprinklers, Uri, Italy.


A 120 kWp hybrid PV-grid drip irrigation
systems, with 2 pumps and hybridization in the
electric part of the system (in Tamelalt,
Morocco) [20] – Figure 4;

Figure 1: PVIS to a water pool in Villena, Spain.


A 160 kWp stand-alone PVIS with one pump
elevating water from a borehole to an
intermediate tank at a variable water flow and
other pump to irrigate at a constant pressure
through pivots (in Alaejos, Spain) [18] – Figure
2;

Figure 4: Hybrid PV-grid drip irrigation system,
Tamelalt, Morocco.
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A 140 kWp hybrid PV-diesel drip irrigation
systems, with 3 pumps and hybridization in the
hydraulic part of the system (in Alter do Chão,
Portugal) [21] – Figure 5.
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𝑈𝑅PVIS =

annual irradiation (Figure
6-a). It is intrinsic to a
given crop.
This is the ratio of the
irradiation strictly required
to keep PAC equal to the
stable
AC
power
requirement to the total
irradiation throughout the
IP (Figure 6-b). It is
intrinsic to the PVIS
design (e.g., it depends on
the type of irrigation
system, the ratio between
the PV peak power and
the stable PV power
required for irrigation and
on the tracking geometry).
This is the ratio of the
irradiation required to
keep PAC stable during the
irrigation scheduling to
the
same
irradiation
during the IP.

∫ Guseful dt
∫IP Gdt

Figure 5: Hybrid PV-diesel drip irrigation system, Alter
do Chão, Portugal.
These 5 PVIS have been working since the summer
of 2016 and monitoring data recorded in each system
allow:

The technical validation of the solutions;

The economical validation of the solutions;

The environmental validation of the
solutions.
This paper pretends to give a general overview of the
main technical results of MASLOWATEN and its 5
PVIS.
The economical validation can be found in a
concurrent paper of this conference [22], while the
environmental validation of the stand-alone PVIS can be
found in [23].

5

𝑈𝑅EF =

∫ Gused dt
∫ Guseful dt

TECHNICAL RESULTS

5.1 Performance indices
In order to perform the technical validation, there was
the need to factorize the typical PR used in the PV field
in order to have a better understanding of what is
happening in a PVIS. This was done since the
performance of a PVIS is not only determined by the
technical quality of the PV system components and by
the efficient use of the available irradiation, but also by
the particular characteristics of each irrigation system and
by external circumstances such as the lack of water.
So, the following equation (and Figure 6) applies:

(a)

𝑃𝑅 = 𝑃𝑅𝑃𝑉 × 𝑈𝑅IP × 𝑈𝑅PVIS × 𝑈𝑅EF
where:

𝑃𝑅PV =

EPV
1
P ∗ /G ∗ ∫ Gused dt

𝑈𝑅IP =

∫IP Gdt
∫ Gdt

This is the PR considering
only
losses
strictly
associated to the PV
system itself (i.e., actual
versus
nominal
peak
power, dirtiness, thermal
and DC/AC conversion
losses). It is intrinsic to the
technical quality of the PV
component and the proper
maintenance.
This is the ratio of the
total
irradiation
throughout the irrigation
period (IP) to the total

(b)
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5.3 System performance along the day – clear sky day
Figure 8 shows the frequency of the motor-pumps
and the irradiance received by the PV generator on the
11th July 2017. It is interesting to observe the variation of
the frequency of the borehole pump with the irradiance
(in the beginning and end of the day, in blue) as well as
the use of two different pressure setpoints (two different
levels of frequency in the irrigation pump, in red).

(c)
Figure 6: Graphical representation of the different
irradiations considered: (a) ∫ 𝐺𝐼𝑃 is the irradiation during
the irrigation period, (b) ∫ 𝐺𝑢𝑠𝑒𝑓𝑢𝑙 is the useful irradiation
during the IP determined by the design of the PV
irrigation system; and (c) ∫ 𝐺𝑢𝑠𝑒𝑑 is the irradiation used
effectively by the system.
A representative example of the application of these
different components is presented in Table I. It shows the
performance indices obtained in August 2018 in the
hybrid PV-grid drip irrigation system in Alter do Chão,
Portugal. It is interesting to note that the PRPV is 0.83
(similar to the values obtained in a PV grid-connected
system), that the URPVIS is 0.68 (consequence of the type
of hybridization and of the power thresholds), and that
the global PR in this month achieves 0.56.

Figure 8: Frequency of the pumps and irradiance on 11th
July 2017, Alaejos, Spain.
5.4 System performance along the day – cloudy day
In Figure 9, one can also see the frequency of the
motor-pumps and the irradiance received by the PV
generator on the 4th October 2017 afternoon. It is
interesting to note that the frequency of the borehole
pump changes with the irradiance, while the one of the
irrigation pump keeps unchanged (two different levels are
observed due to 2 different pressure setpoints – a high
pressure level is observed in the beginning of the second
step due to the filling of the pipes).

Table I: Real performance indices in August 2018 –
hybrid PV-diesel, Alter do Chão, Portugal
Month

PR

PRPV

URIP

URPVIS

UREF

August

0.56

0.83

1.00

0.68

0.99

5.2 Passing clouds routine
Figure 7 shows the motor-pump frequency and the
irradiance received by the PV generator between
10:59:31 and 11:02:24 on the 19th October 2017 in the
360 kWp PVIS in Villena, Spain. The irradiance (in red)
decreases intensely due to a cloud, but the stability of the
frequency converter is maintained – in 20 seconds, the
irradiance falls more than 75%, and the frequency
converter responds with a 13% decrease of the frequency
without stopping the pump, avoiding all the hydraulic and
electric problems that could be caused by an abrupt stop,
such as water hammer and overvoltage respectively.

Figure 9: Frequency of the pumps and irradiance on 4th
October 2017, Alaejos, Spain.
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CONCLUSIONS

MASLOWATEN was a H2020 European Project for
the market uptake of large-power photovoltaic irrigation
systems (PVIS). Five large-power PVIS were installed in
real-farms in order to show their technical reliability and
economic feasibility. In addition, technical specifications,
business plans and a simulation tool for PVIS were
developed. Finally, the technology developed under the
project was transferred to more than 20 SME.
The project was able to show the technical and
economical viability of these large-power PVIS.
Particularly, the problems related to PV power

Figure 7: Motor-pump frequency and irradiance on 19th
October 2017, Villena, Spain.
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intermittences due to passing clouds were addressed and
North-South horizontal axis trackers were used in the 5
PVIS in order to match PV production and irrigation
needs.
[12]
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