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weed growth, thus improving water quality. Based on the numerous studies on the subject 
that have been published, it can therefore be said that such methods provide more efficient 
irrigation systems (DNRM, 2003). 

Another aspect to be considered is the fact that electricity consumption of many of these 
irrigation systems has increased considerably due to modernization plans, so that at the 
present time power costs form a high proportion of the running costs of many farmers’ 
irrigation associations. According to Corominas (2008) the transformation of the traditional 
irrigation methods to pressurized systems, which has been going on since 1950, has 
reduced water consumption per hectare by 23% while power consumption has risen by 
670%. This is a clear indication that any action plans for irrigation must be focused on 
improving both water and energy efficiency.       

The aim of this work is therefore to achieve the technical and experimental development of a 
modular floating photovoltaic cover for irrigation reservoirs, with the multiple advantages and 
benefits of increasing synergy and enhancing the sustainability of the agricultural sector.   

         

2. Method: Conceptual design 
The main objective of the floating photovoltaic cover (FPC) is to improve the water-power 
balance in irrigation reservoirs, as seen in Figure 1. The surface is covered by a set of 
floating modules that intercept solar radiation to generate power and are joined together by 
articulated couplings (Redón, 2011). It can also be seen that the basic needs of the system 
are based on ensuring its structural integrity in accordance with the reservoir’s characteristics 
while producing the maximum possible amount of electricity. The following section deals with 
the basic factors that define the geometric and structural configuration of the photovoltaic 
deck.        

 

Figure 1: Power balance: a) Uncovered reservoir b) Floating Photovoltaic Cover System 

  

2.1 Design factors: Photovoltaic system 
In order to meet the plant’s solar and power requirements, the following factors were 
considered:    

 

 Inclination and orientation of the modules to make the most efficient use of radiation. 
When installing the permanent photovoltaic modules on the floating deck, both 
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2.2 Design factors: Installation on the reservoir 

Figure 2: Orientation of the principal axes of a reservoir. 

2.3 Elements forming the FPC 
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 Floating platform (pontoons): these elements guarantee the buoyancy and stability of 
the electricity-generating system. They are made from MDPE by rotational moulding 
and each supports two PV panels.  

 PV module support structure: this consists of UF and CF cold-formed metal frames 
which must be able to withstand the weight of the PV modules and transmit wind 
forces across the pontoons to the anchoring system at the perimeter. 

 Articulated metal couplings between pontoons: these consist of metal chains or 
cables linking the pontoons together, allowing vertical displacements so that the deck 
can adapt to concave reservoir profiles.            

 

 

Figure 3: Components of an FPC. 

 
 

 Flexible couplings: these allow the pontoons to move in relation to one another so 
that the system can adapt to different water levels. They consist of rubber or MDPE 
straps that are allowed to stretch until confined by the rigid polyester or nylon ropes 
that come into action when the maximum displacement has been reached.  

 Ropes: these are polyester and nylon nautical ropes used to tie the outside modules 
of the floating cover to the sides of the reservoir.       

 Rigid anchoring system: this anchors the floating cover and transmits horizontal 
forces to the sides of the reservoir. It consists of a series of reinforced concrete piles 
that resist lateral forces using the passive pressure of the surrounding ground.      
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3.- Results 

3.1. Analysis of all design factors. 

Figure 4: Power density according to angle of inclination.  

Figure 5: Power generation according to angle of inclination of an FPC. 
                   a) Optimal southern orientation.                              b) 20º deviation 
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Figure 5 gives the power produced per surface unit according to angle of inclination for the 
optimal southern orientation (Fig.5a) and for a 20º deviation from the optimal (Fig.5b). It can 
be seen that even though the maximum benefit is not obtained from the solar radiation of 
individual units, the denser distribution possible with lower panel inclinations (10º), 
regardless of orientation, increases the power generated per surface unit and at the same 
time the complete reservoir surface can be covered. In the same way, maximizing the 
surface covered at angles of less than or equal to 10º keeps water evaporation to a 
minimum.       

From the structural perspective, the angle of elevation of the solar panels has a strong 
influence on the wind forces exerted on the cover. The increase in wind pressure and suction 
forces on a PV module according to angle of inclination can be calculated from the European 
wind action standards (EN 1991-1-14), as seen in Figure 6.      

 

Figure 6: Wind loads on a PV module according to angle of inclination.  

 
The vertical wind component is balanced by sustentation forces. The horizontal component 
exerts strong pressure on the cover that is absorbed by the reinforced concrete piles. Figure 
7 gives the loads produced by horizontal wind forces on an FPC in reservoirs up to 400 m 
long and with sides between 5 and 20 m high.        

From Figure 7 it can be seen that the horizontal forces resisted by the pontoon couplings 
vary widely according to panel elevations. Mechanical and structural dimensioning of the 
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FPC can be calculated from these lateral forces. From the structural perspective, a force of 
125 kN is considered the maximum load the system can stand, mainly due to the limitations 
of the deck anchorage.  

For the standard mechanical characteristics of the sides of the reservoir into which the piles 
are driven, the pile dimensions obtained range from 1.50 and 4.00 m long and diameters 
between 0.25 and 0.55 m. The geometry of the piles is in proportion to the size of the 
reservoir in question. The height of the reservoir bank is usually in proportion to reservoir 
size, from 5 m high in small reservoirs to 15-20 m in larger ones.     

      

 

Figure 7: Maximum horizontal forces according to reservoir size.  

 
 

3.1. Financial analysis. 
The above-described design factors together with the structural dimensions of the system 
can be used to estimate the cost of the FPC according to angle of inclination as shown in 
Table 1. Figure 8 shows a graph of the relationship between investment costs and electricity 
production (€/kWh), in which it can be seen that an angle of 10º gives the best return on 
investment for the latitudes under study and a southern orientation. In cases in which the 
azimuth deviates from the optimal southern orientation, a 10º angle also gives the best return 
on investment.      
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Table 1. System cost according to angle of inclination.  

Figura 8: FPC investment/production ratio.  

-  1,00  2,00 3,00  4,00 5,00  10,00 
COST ESTIMATION. COVER

TOTAL PLATAFORM €/m2 51,61 52,51 53,78 53,78 54,69 54,69 60,24 60,24 60,24 60,24 60,24 60,24 60,24
POWER ( Wp/m2) 102,13 102,13 102,13 102,13 102,13 102,13 102,13 90,18 81,04 74,10 68,74 64,56 61,30
TOTAL €/Wp 0,51 0,51 0,53 0,53 0,54 0,54 0,59 0,67 0,74 0,81 0,88 0,93 0,98

COST ESTIMATION. FOUNDATIONS AND ELASTIC JOINTS

TOTAL FOUNDATIONS + ELASTIC JOINTS €/Wp 0,10 0,10 0,10 0,10 0,10 0,10 0,12 0,12 0,14 0,14 0,14 0,15 0,15
TOTAL SYSTEM €/Wp 0,61 0,61 0,63 0,63 0,64 0,64 0,71 0,79 0,88 0,95 1,02 1,08 1,13

Total ( €/Wp ) 2,56 2,57 2,58 2,58 2,59 2,59 2,67 2,74 2,84 2,91 2,97 3,04 3,09
Total ( €/m2 ) 261,55 262,45 263,72 263,72 264,63 264,63 272,23 247,42 230,08 215,54 204,30 196,18 189,31
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3.2 Prototype 
A full-scale prototype (1:1) of the FPC was built in a test installation over an irrigation 
reservoir in Agost (Alicante, Spain). The area covered was 350 m2, corresponding to 20 kWn 
of maximum installed power, as shown in Figure 9.  

After its completion in March 2010 up to the present time, the structural and operational 
performance of the prototype has proved to be highly satisfactory. Throughout this period 
and for every reservoir filling-emptying cycle the FPC has been able to adapt itself 
appropriately to the varying water levels of the cycle.       

 

 

Figure 9: FPC prototype: a) Aerial view; b) Side view. 

 
a) 

 
b) 

3.3 Complete covering of the reservoir surface 
The favourable results obtained from the pilot plant encouraged us to go ahead with covering 
the total reservoir surface with 1458 PV panels supported on 750 pontoons, covering an area 
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Figure 10: Assembly of the panels. 

Figure 11: The reservoir completely covered by PV panels. 

4. Conclusions 

El Negret
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