
  

 

Anexo I: JUSTIFICACION ELECCIÓN HIDRANTE 

La comunidad de regantes de la margen izquierda del canal del Genil está localizada entre las 

poblaciones de Palma del Río y Peñaflor. La infraestructura está formada por dos balsas que 

almacenan el agua suministrada a las 6400 hectáreas regadas y tuberías de acero y PRFV con 

diámetros comprendidos entre 1200 mm y 300 mm. El área de estudio está centrada en 4450 

hectáreas, regadas por 88 hidrantes, los que necesitan una presión de servicio de 35 m.  

En el estudio realizado para la instalación de la turbina, varias opciones se han tenido en cuenta, tales 

como instalación en la tubería de distribución, instalación en una derivación e instalación en hidrante. 

Las ventajas e inconvenientes de cada una de las opciones están descritas en el informe sobre la planta 

piloto, cuya última actualización se realizó en mayo y que se adjunta como anexo I al presente 

documento. En este, la alternativa más favorable resulto ser la instalación en hidrante.  

Para la elección del hidrante tenido en cuenta en el estudio de viabilidad, se han tenido en cuenta 

varios aspectos, tales como técnicos, accesibilidad o funcionalidad de la turbina a instalar. En primer 

lugar, las condiciones de servicio nos reducen el número de posibles hidrantes. Ya que es 

imprescindible el tener unas condiciones que posibiliten la instalación de una turbina, se debe de 

asegurar que la presión a aprovechar por la turbina sea suficiente en todas las épocas del año. Así, se 

han cogido en primer lugar aquellos hidrantes con al menos 55 m de presión cuando existe una 

simultaneidad del 80%, resultando 79 de ellos como posibles opciones. La siguiente condición a 

estudiar es la demanda base. Hay varios hidrantes con un caudal suficiente para dar una potencia 

mayo de 5 kW. Ya que el número de hidrantes que presentan buenas condiciones es elevado, la 

accesibilidad a la planta piloto y el uso de la energía generada servirán para elegir el hidrante 

considerado.  

De los hidrantes resultantes del estudio hidráulico, se visitaron tres de ellos. El uso de la energía 

generada ha sido otra variable considerada en la elección del hidrante más favorable para la 

instalación de la turbina. En la primera opción, situada en el sector 1, no habría un uso específico para 

la energía. Actualmente, no hay ningún consumo energético en la parcela, por lo que en la inversión 

a realizar habría que tener en cuenta esta cuestión. En las opciones dos y tres, situadas en el sector 9, 

la energía generada se utilizaría para suplir un generador diésel que alimenta al sistema de abonado 

eléctrico y al sistema de filtros, estas dos opciones se consideran más favorables para la instalación de 

la turbina. Además, de que el uso de la energía está definido, también se cambiaría el uso de un 

generador diésel por una turbina que alimentaria a los dispositivos mencionados, con la mejora 

ambiental que conllevaría. Por último, el acceso al hidrante dos de la acequia 9 resulto el mas cómodo. 

Ya que se trata de una planta de demostración, la accesibilidad es una cuestión importante para las 

diferentes visitas que se llevaran a cabo. 

Asi, se considera el hidrante más favorable para la instalación de la turbina el correspondiente a la 

toma dos del sector 9, el cual tiene un caudal de 160 l/s y una presión disponible de 20m. A pesar de 

estas características disponibles, la potencia a instalar se limitará a la potencia requerida por el sistema 

de abonado y filtros, además de dar una potencia extra para el uso de herramientas dentro de la 

parcela.  



  

 

 
Imagen 1. Alternativa localizada en el sector 1. 

 



  

 

Imagen 2. Alternativa 2 localizada en la toma 2 del sector 9 

 
Imagen 3. Generador a sustituir en la alternativa 2 



  

 

 
Imagen 4. Sistema a alimentar en la alternativa 2. 

 



  

 

Imagen 5. Alternativa 3 localizada la toma 3 en el sector 9 junto con el sistema a alimentar. 

 
Imagen 6. Generador a sustituir en la alternativa 3 
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1. - INTRODUCTION. 

 This report outlines the proposed installation of a pump-as-turbine (PAT) energy 

recovery device in the irrigation network of the left bank of the Genil river irrigation district 

(GMI), in Andalusia, Spain, see Figure 1. The approximate geographic coordinates of the 

location of the works are: 

 37º 41’ 28.8” North latitude (N) 

 5º 19’ 51.9” West longitude (W) 

The proposed work is to be conducted as part of the REDAWN project for the purposes 

of demonstration the concept, benefits and challenges of micro-hydropower energy recovery 

in irrigation networks. Thus, its main objective is the demonstration that pumps as turbines 

(PATs) can be used as low-cost devices for energy recovery, taking advantage of the excess 

pressure existing in water distribution networks. 



  

 

The main reason to carry out this pilot plant, which would be a new point of energy 

generation, is to take advantage of the existing energy in water distribution networks to reduce 

their energy dependence and the GHG emissions using micro-hydropower (MHP) technology. 

Constructing this new pilot plant, the irrigators district would go on to generate energy 

autonomously, which would help reduce the current energy consumption in the network. 

The first alternative proposed, comprise the installation of a PAT in the pipes 

corresponding to the distribution network within the so-called "Irrigation Ditch IV", which have 

a diameter of 600 mm and are made of fiberglass reinforced plastic (GRP). The installation of 

the PAT would be done in a by-pass formed by 150 mm diameter pipes and to regulate the 

conditions in both pipes, distribution and by-pass, an automated control valve would be 

installed in the 600mm distribution pipe, which receives the information of a sensor installed 

up or downstream of PAT electrically or pneumatically actioned.   

The second alternative proposes the connection of one of the feeding pipes, which 

connects the pumping station with the reservoir from which the water leaves to the distribution 

network. This connection would be made with the distribution network at the point where both 

are intersect, by means of a 150 mm pipe where the PAT would be installed. An automated 

control valve would regulate the conditions in both pipes, distribution and connection, to adjust 

the PAT inlet parameters it to the design flow and pressure. In addition, an upstream filter 

would also be required to avoid particles damaging the PAT. 

The third and last alternative consists in the installation of a PAT in a by-pass made 

downstream of the hydrant 2 of the sector 9 of the irrigation district, by means of a 250 mm 

pipe, and the installation of two gate valves, one in the distribution network and one in the by-

pass, to ensure the working conditions downstream. A PRV is already installed in the 

distribution network downstream the hydrant, controlling the pressure reaching the irrigation 

droppers.  

2. - STUDY AREA. 

The GMI irrigation district is located in the Guadalquivir river basin, whose central 

offices are between the villages of Palma del Rio (Cordoba) and Peñaflor (Seville), in 

Andalusia (Spain).  

 



  

 

A sum of 6400 hectares is irrigated by the first phase of the irrigation community, with 

a crop predominance of citrus. In addition, almond trees and walnuts are now being cultivated 

in few farms. The location of the irrigation sector assessed for the hydro power plant location 

is shown in Figure 1. 

 
Figure 1. Location plane of the left bank channel of Genil River (GMI) irrigation district 

 

The infrastructure is composed of a pressurised branched network with pipe diameters 

between 300mm and 1200mm, involving different materials, such as GRP or steel. The 

network is fed by two sets of water reservoirs and two decanting pools. The layout of the 

network can be seen in Figure 2. The service pressure is 35 meters, and the dotation is 1.2 l 

s-1 ha-1. Within the irrigation district, the study has been carried out in a sector which irrigates 

4,450 hectares, divided into 15 main districts, called irrigation ditches, coinciding with the 

location of the old irrigation ditches of the sector. In Table 1, a summary of the groups with the 

surface irrigated and the design water volume is show. 



  

 

 

Figure 2. General map indicating flow direction and main parts forming the infrastructures. 

 

 

Irrigation ditch Surface (ha) Design flow (l/s) 

ID I 280 336 

ID II 81 97.2 

ID III 58 69.6 

ID IV 185 222 

ID V 165 198 

ID VI 572 686.4 

ID VII 132 158.4 

ID VIII 113 135.6 

ID IX 241 289.2 

ID X 77 92.4 

ID XI 57 68.4 

ID XII 74 88.8 

ID XIII 74 88.8 

ID CPPO 1728 2,073.6 

ID CPEP 130 156 

Table 1. Summary of the irrigation ditches, surface irrigated by each of them and design flow. 



  

 

 

3. - CLIMATOLOGY AND HYDROLOGY. 

The study area is encompassed in the Mediterranean weather domain, with a very 

marked thermal and pluviometric seasonality. The annual rainfall average is of 500 mm, falling 

mostly in autumn and winter. The summer season is dry and its duration ranges between three 

and five months. In 2017, an average rainfall of 568.5 mm and potential evapotranspiration of 

1635 mm was registered.  

 

The temperature distribution shows a thermal regime characterised by seasonal 

contrast. There is an annual distribution, which reflects that the months of July and August are 

the hottest, where the temperature reaches values of over 40ºC. On the other hand, the winter 

months, where December, January and February are included, have the lowest monthly 

averages, with less than 5 ºC. The average annual temperature is 19 ºC.  

 

With regard to rainfall, the distribution of is irregular. The months with the highest 

rainfall are those between October and May, standing out for the season of Palma del Rio, 

November with 111 mm in 2017. On the other hand, in the summer, during the months from 

June to August, the minimum rainfall records are reached, even recording values of 0 mm. 

Therefore, there is an existence of two seasons, one wet and one dry.  

 

Regarding the rainfall - potential evapotranspiration relationship, according to the water 

balance a marked drought can be observed the during the summer. Thus, in October, the rain 

compensates the potential evapotranspiration without difficulty. The rainfall is destined to 

constitute the water accumulated in the soil until the month of December where the reserve is 

saturated and an excess of water is registered. This excess takes place until May, when the 

progressive increase in temperatures and the decrease in rainfall, result in a potential 

evapotranspiration greater than rainfall. The land reserve still compensates for the water deficit 

in the month of May. The difference between rainfall and potential evapotranspiration is then 

translated into a marked deficit, which lasts for the months of June, July, August and 

September. This information is represented in the Figure 3. 

 



  

 

Summarising all the calculated climatic indices, it can be indicated that the study area 

has a mesothermal climate, according to its thermometry. Analysing its rainfall, the climate is 

within the sub-humid type and the terrain would be a transition zone with temporary runoff. 

 

 

Figure 3. Rainfall - Potential Evapotranspiration comparative 

 

 

 

 

 

 

 

 

4. – GENIL NETWORK OPERATION. 

 The district infrastructure, composed of the distribution network, filtering stations, the 

pumping station, the feeding pipes and the reservoir, works in a simply way (See Figure 2). 

When the farmers demand water, the water starts leaving the reservoir, which has enough 

capacity to face the water demanded during the day. Then, the pump station boosts the water 
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in the reservoir during the night, when the energy price is cheaper. Pumping is stopped during 

the day, when the capacity of the reservoir is enough to supply the water the farmers require. 

Thus, the reservoir gets empty during the day and filled during the night. This work also 

changes along the year, since the situation described before is happening during the summer, 

when the water requirements are higher. Nonetheless, during the spring or the autumn it is 

not necessary to boost water levels in the reservoir every night.  

Downstream from the reservoir several hydrants aggrupation can be found, which 

supply the water to the small hydrants located within the farms. Every time that a farmer opens 

a hydrant, the water starts running downstream from the reservoir to the issue hydrant. 

As it was said before, the behaviour of the network changes across the year, along 

with the crop water requirements, being higher during the summer and lower during the spring 

and the autumn. To understand this, the water requirements during an irrigation season are 

represented in Figure 4. 

 

Figure 4. Monthly water requirements during an irrigation season 

Since the water requirements vary from zero to more than 1,800 m3 ha-1 month-1, the 

flow running through the network will do so in the same way. Thus, depending on this flow, 

which runs through the pipes, the pressure reaching the hydrants will vary inversely to the flow 

variation. The behaviour of the most critical hydrant1 under different demand conditions can 

be observed in Figure 5. 
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Figure 5. Flow-Pressure conditions in the most critical hydrant when the percentage of open hydrants change in 

the network. 

Initially a study of the network has been conducted with the most critical pressure 

conditions (100% of the hydrants open), to identify the most critical hydrant. This critical 

hydrant had 20m of head when all the hydrants are open. 

One of the things to highlight is the high drop of pressure when the flow starts 

increasing, producing drops of 20-25 meters from the conditions where the flow is very low 

compared to the most critical conditions. This point is going to have influence on the 

development and choice of the PAT site alternatives. 

 

 

1 Most critical hydrant: hydrant with the most critical pressure conditions when all the hydrants are 

open 

 

 

5. - ALTERNATIVES DESCRIPTION. 

Once fixed the hydraulic conditions for the PATs design, the REDAWN PATs data base 

developed by the University of Napoli, which contain curves from Caprari, has been consulted 

to fixed the power of each PAT. The responsible for writing the project, as well as the 



  

 

contractor, will take in consideration just the hydraulic conditions fixed, asking for curves for 

these specific conditions to the manufacturer, with which a deeper study for the costs and 

revenues will be made. 

5.1. - ALTERNATIVE A. 

 The Alternative A studied is located in front of the central office of the irrigation 

community as shown in Figure 6. The main advantage of this location is the destination of the 

energy recovered. There would be more options to use the energy, such as batteries to charge 

electrical vehicles in the future, the external lights of the office, or the air conditioning and 

heating system. Furthermore, the central office is 250 meters far from the border of Seville 

(within the AA).  

 

Figure 6. General view of the location of the Alternative A in the network. 

With regard the working conditions for the turbine, a flow of 655 l s-1 is predicted in a 

600 mm pipe when all the farmers are simultaneity irrigating. The scheme followed would be 

the typical by-pass disposition for PATs in water distribution networks (WDNs), with the 

difference of not having a previous PRV in the network, and can be seen in the Figure 7. Thus, 

installing an automated control valve to control the working conditions in both pipes, 

distribution and by-pass, would be regulated and the PAT inlet conditions fixed as design 

parameters, as shown in the Figure 8. More specifically, the automated control valve would 

be wireless connected with a sensor downstream, which will constantly send the flow 



  

 

information to the valve, and depending on the downstream demands, the valve will have three 

main states: 

1. Completely closed if the downstream demand is equal or lower than the PAT 

design flow. 

2. Partially open if the downstream demand is higher than the PAT design flow 

and lower than the demand when all the hydrants downstream are open. 

3. Completely open if the downstream demand is equal to the maximum demand 

allowed by the system. 

 

Figure 7. Scheme proposed for Alternative A 

The main disadvantage is that from a certain percentage of hydrants open, the flow 

would reach a significant value, but the head-losses would be such that there is no pressure 

available in the distribution network to produce energy and reach the most critical hydrant with 

the required service pressure.  

The PAT would while the base demand downstream of the installation is lower or equal 

than 495 l s-1, when the pressure to be used by the PAT would be 13 m. In order to guarantee 

the service conditions in the network, an additional shut-off valve would have to be installed 

in the by-pass to close this path once the flow is greater than 495 l s-1. For this alternative, the 

conditions fixed for the automated control valve would be: 

1. Completely closed if the downstream demand is equal or lower than 164.3 l s-1 

2. Partially open if the downstream demand is higher than 164.3 l s-1 and lower 

than 495             l s-1. 



  

 

3. Completely open if the downstream demand is equal to 495 l s-1. Gate valve 

closed. 

The optimal power calculated for these boundary conditions for the alternative A is of 

13 kW, with a design conditions of 151 l s-1 of flow and 13 m of pressure. The percentage with 

which the PAT would work in the design conditions along the years can be seen in the Figure 

8. Nonetheless, the working conditions of the PAT can change regarding the downstream 

base demand. In these situations, a variation of the efficiency has been taken into account 

depending on the relative flow conditions (Q0. Qd
-1).  

 

Figure 8. Percentage of time along the year where the PAT would work under the design conditions in 

Alternative A. 

As can be seen, during June and August, the PAT would work almost always under 

the design conditions, what would make the efficiency optimal. However, in July, this 

conditions drops, since the water requirements are higher and the base demand trends to be 

higher than the flow fixed by the boundary conditions, 495 l s-1. Thus, during these months, 

the base demand downstream of the connection point of the installation would be greater or 

equal than 164.3 l s-1 and lower than 495 l s-1. For the rest of the months, the variation of the 

efficiency regarding the variation of the flow has been taken into account, following the 

equations proposed by Novara. Hence, the maximum efficiency considered in the calculations 

has been 0.5, being reduced when the flow drops from the design flow. 
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The estimated energy that could be recovered using this alternative makes a sum of 

14,686.0 kWh in an irrigation season distributed, of which the 93% of it would be recovered 

when the PAT works under the design conditions and 7% when the flow drops below 151 l s-

1. Thus, the energy production in the different months can be observed in the Figure 9. To 

calculate the economical revenue, a weighted average value of the Spanish tariff based on 6-

periods has been applied.  

 

Figure 9. Energy recovered by the Alternative A PAT along an irrigation season. 

 

5.2. - ALTERNATIVE B. 

 Alternative B is located in the car park of the central office. Unlike the other alternative, 

the turbine in this case would not be directly installed in the distribution network. In this case, 

there are two steel pipes of 1200 mm of diameter feeding the reservoir that supplies the water 

to the sectors studied, boosting the water from the river level (45m) to the reservoir level 

(135m) via a pumping station operating at night. The turbine would be installed in a new pipe 

that connects one of the 1200 mm steel pipe with the 600 mm GRP pipe of the “Irrigation Ditch 

IV”. Figure 10 shows the proposed location and connection details of Alternative B whereby 

the PAT would operate only during the day and the flow direction through the feed pipe would 

be opposite to when it is being pumped at night. 
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Figure 10. General view of the location of the Alternative A in the network. 

These are pressurized pipes that allow continuous feeding, since they are directly 

connected to the reservoir, being the pipes always fully charged. Thus, the PAT inlet pressure 

will be always greater or equal than the level difference between the level where the pipes 

connection is made and the lowest level of the reservoir (connection level of the pipe and the 

reservoir). This difference is estimated at 90 meters, to which we would have the added water 

level in the reservoir. Then, the inlet pressure would be greater or equal than 90 meters. 

With regard the flow conditions for the turbine, the PAT inlet flow can be regulated 

installing one ACV in the distribution pipe that will have three states: 

1. Completely closed if the downstream demand is equal or lower than the PAT 

design flow. 

2. Partially open if the downstream demand is higher than the PAT design flow 

and lower than the demand when all the hydrants downstream are open. 

3. Completely open if the downstream demand is equal to the demand when all 

the hydrants are open. 

 The flow running through the distribution network will depend on the demand of the 

farmers downstream and the inlet flow of the PAT, resulting: 

𝑄1 = 𝑄3 −𝑄2 



  

 

Since Q3 will be depend of the downstream demand required by the farmers and Q2 

will be fixed by the ACV. Q1 will be the resulting value of resting the total demand of the PAT 

inlet flow.  

The scheme followed differs from the typical by-pass disposition for PATs in WDNs, 

installing control valves to control the PAT inlet conditions, as shown in the Figure 11. The 

flow available can be fixed regarding the power to be installed. 

   

Figure 11. Scheme proposed for Alternative B 

 The main disadvantage of this alternative is that the amount of civil works to be done 

would be greater. As the PAT would be installed in a new pipe connecting the feeding pipe 

(1200mm) with the distribution pipe (600mm), and it is necessary a filter station before the 

PAT, the duration and costs of the work would be higher.  

In the other hand, the conditions found in this alternative are much better than in the 

alternative A, since there is no constraint for the PAT to work regarding the downstream 

demand. Also, the pressure available is higher, due to the water is coming directly from the 

reservoir. Thus, the large head-losses, which occur in the distribution network when the flow 

start increasing, are avoided. For this alternative, the conditions fixed for the automated control 

valve would be: 



  

 

1. Completely closed if the downstream demand is equal or lower than 141.4 l s-1 

2. Partially open if the downstream demand is higher than 141.4 l s-1 and lower 

than the 655 l s-1. 

3. Completely open if the downstream demand is equal to 655 l s-1.  

4. Shut-off valve installed to close the by-pass when needed. 

The optimal power calculated for the alternative B is of 23.4 kW, with a design 

conditions of 140 l s-1 of flow and 20 m of pressure. The percentage with which the PAT would 

work in the design conditions along the years can be seen in the Figure 12. Nonetheless, the 

working conditions of the PAT can change regarding the downstream base demand. In these 

situations, a variation of the efficiency has been taking into account depending on the relative 

flow conditions (Q0. Qd
-1). 

 

Figure 12. Percentage of time along the year where the PAT would work under the design conditions in 

Alternative B. 

As can be seen, during June, July and August, the PAT would work always under the 

design conditions, what would make the efficiency optimal. Thus, during these months, the 

base demand downstream of the connection point of the installation would be greater or equal 

than 141.4 l s-1. For the rest of the months, the variation of the efficiency regarding the variation 

of the flow has been taken into account, following the equations proposed by Novara. Hence, 
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the maximum efficiency considered in the calculations has been 0.5, being reduced when the 

flow drops from the design flow. 

The estimated energy that could be recovered using this alternative makes a sum of 

33,029.0 kWh in an irrigation season distributed, of which the 96% of it would be recovered 

when the PAT works under the design conditions and 4% when the flow drops below 141.4 l 

s-1. Thus, the energy production in the different months can be observed in the Figure 13. To 

calculate the economical revenue, a weighted average value of the Spanish tariff based on 6-

periods has been applied.  

 

Figure 13. Energy recovered by the Alternative B PAT along an irrigation season. 

5.1. - ALTERNATIVE C. 

 The Alternative C studied is located downstream of the hydrant 2 of the irrigation ditch 

9, as shown in Figure 14. In the area irrigated by this hydrant, a diesel generator is installed 

in order to provide energy to the filter system, which is used by the farmer before the water 

reaches the irrigation droppers. Also, there is a PRV downstream of the hydrant, which reduce 

the pressure until 45 m before the flow reaches the irrigation droppers. The filter station and 

the PRV, which would be downstream of the PAT, can be seen in the Figures 14 and 15. The 

main advantage of this location is the destination of the energy recovered, since it would 

replace the use of diesel by the energy recover by the MHP system. Thus, two positive 
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consequences would be remarkable: economical saving of diesel buying and considerable 

reduction of GHG emissions of the filter system.  

 

Figure 14. General view of the location of the Alternative C in the network. 

 

Figure 15. Filter station downstream of the hydrant fed by a diesel motor. 



  

 

 

Figure 16. PRV located downstream the hydrant which irrigates the plot. The PAT would be installed 

before the valve. 

With regard the working conditions for the turbine, a flow between 160 and 180 l s-1 is 

reaching this hydrants along the whole irrigation season, in a 250 mm pipe. This happens 

because the several sectors of the farmer are irrigated by this hydrant, instead of using others, 

which are distributed in the plot. Also, the crop cultivated in all the hectares irrigated by this 

hydrant is walnut. Then, the irrigation flows considered are constant along the irrigation season 

with a value of 165 l s-1, because of these two conditions previously mentioned. As the flow 

conditions are mostly constant, it is not necessary the installation of control valve for the 

hydraulic regulation. Thus, installing a PAT in the by-pass and two gate valves in both pipes, 

distribution and by-pass, for security, just in case the by-pass has to be closed because of any 

issue or maintenance, as shown in the Figure 17.  



  

 

 

Figure17. Scheme proposed for Alternative C 

The main disadvantage is that the service pressure falls if the simultaneity of open 

hydrants is over 70%, since the head-losses would be such that there is a low quantity of 

pressure available to produce energy, what happens just three or four times per year. In this 

case, the by-pass can be closed if the pressure available is not enough to irrigate. 

The optimal power calculated for these boundary conditions for the alternative C is of 

32.9 kW, with a design conditions of 165 l s-1 of flow and 20 m of pressure. Since the inlet 

conditions are mostly constant along the irrigation season, with few variations in the flow of 

±6%, and the pressure available would be at least 20m, the PAT would always work under the 

BEP conditions along the irrigation season. 

The estimated energy that could be recovered using this alternative makes a sum of 

56,800 kWh in an irrigation season. The energy production in the different months can be 

observed in the Figure 18. To calculate the economical revenue, a monthly average value of 

the Spanish tariff in the year 2017 has been applied.  



  

 

 

Figure 18. Energy recovered by the Alternative C PAT along an irrigation season. 

 

6. - ECONOMIC STUDY. 

In the alternatives A and B, several elements will be common for the comparative 

economic evaluation, since they are common in both of them. These parties are:  

1. Automated control valve (ACV) 600mm.  

2. Gate valve 50mm. Estimated price 

3. Electromagnetic Flow Meter 600mm.  

For the alternative C, these elements, with exception of two gate valves, are not needed, 

since there is no automated valve in the installation. However, with regard the flow meter, a 

250mm would be necessary to monitor the PAT working conditions. These prices are included 

in the total costs of the alternative C.  

The cost for the civil works, including earthmoving, trenches, backfilling and pipes, can 

be considered the same for the three options in this first assessment. Also, the electrical work 

to be made, can be considered as 20% of the total costs of the installation. 
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On the other hand, the power of the PAT to be installed in each alternative, and in the 

case of alternative B, the filtering station required prior to the PAT, will be particular elements. 

Regarding the land to be used as the physical location of the work and as adjacent to 

the collection of material during the execution phase of the project, it is expected that no 

expropriation will be necessary.  

Applying 21 % of taxes to the costs mentioned before, it is obtained the contractor 

execution budget.  

 Alternative A → Cost = € 43,265.62 (FORTY THREE THOUSAND TWO HOUNDRED 

SIXTY FIVE EUROS and SIXTY TWO CENTS). 

 Alternative B → Cost = € 47,697.02 (FORTY SEVEN THOUSAND SIX HOUNDRED 

NINETY SEVEN EUROS and TWO CENTS). 

 Alternative C → Cost = € 31,550.20 (THIRTY ONE THOUSAND FIVE HOUDRED 

FIFTY EUROS and TWENTY CENTS). 

To calculate the revenue generated, a monthly average value of the Spanish tariff in 

2017 has been applied: 

 Alternative A →Annual revenue = € 2,121.30 (TWO THOUSAND ONE HOUNDRED 

TWENTY ONE EUROS and THIRTY CENTS). 

 Alternative B → Annual revenue = € 5,565.41 (FIVE THOUSAND FIVE HOUNDRED 

SIXTY FIVE EUROS and FORTY ONE CENTS). 

 Alternative C → Annual revenue = € 5,808.24 (FIVE THOUSAND EIGHT HOUNDRED 

EIGHT and TWENTY FOUR CENTS). 

 Thus, the payback period, considering it as the total cost of the installation divided by 

the annual revenue, for each alternative is: 

 Alternative A →PP = 20.4 years 

 Alternative B → PP = 8.6 years 

 Alternative C → PP = 5.4 years 

The results of the cost calculation and the amortization rate of the different alternatives 

show that the most economically viable alternative is the alternative C. 

 It has to be highlighted that the costs of the consumption devices needed, which will 

use or store the energy recovered, have not been been included in the economic study. 



  

 

7. - ENVIRONMENTAL IMPACT. 

The possible impacts that can be caused by the construction and exploitation of the 

pilot plant were analysed. Thus, only those due to the construction of the plant would be 

particularly important, due to the excavation work and the construction of a shelter for the PAT, 

which would detrimentally affect the animals living in the area. Apart from this impact, there 

are others of a lesser nature, such as the generation of noise, dust, etc.  

It can be affirmed, as a conclusion of the Environmental Impact Study carried out in 

the present viability study, that the final impact of the action foreseen is positive.  

Regarding the choice of the alternative to be constructed, it is clear from this study that 

the impacts caused by the two alternatives are essentially the same, since these will appear 

mainly during the execution phase of the works. 

 In conclusion, it can be said that the three alternatives are environmentally viable.

  

8. - ALTERNATIVES SELECTION. 

Once the technical, environmental and economic feasibility has been demonstrated, 

the proposed alternatives must be compared with each other in order to have decision criteria 

to discern which is the most suitable to carry it out and carry out the corresponding 

Construction Project.  

 To compare the three alternatives, the considered most important criteria have been 

used. These are:  

 Amortization. 

 Work duration. This is going to be very important, since it has to be constructed 

during the break of the irrigation season. 

 Environmental Impact.  

 Energy recovered.  

Relative weights have been assigned to each of the criteria considered for the election 

of the definitive alternative. The weights taken for each criteria according to their relative 

importance are:  

 Payback Period: 30%. 



  

 

 Work duration: 20% 

 Impacto ambiental: 20%. 

 Energy recovered: 30%  

8.1.- WEIGHTED AVERAGES METHOD. 

In this method, an absolute value is obtained for each of the criteria of the different 

alternatives, multiplying the value granted by the weight of each criterion. Once these values 

are obtained, the total value of each of the alternatives is calculated as the sum of the values 

of each criterion, choosing the alternative with the highest value. These values are 

represented in the Table 2.  

The alternative C presents a higher value, then, using this method, it would be more 

suitable. 

 

   A    B   B  

 Value Weight Total Value Weight Total Value Weight Total 

Payback Period 

valuation 
1 0,30 0,30 2 0,30 0,60 3 0,30 0,90 

Work duration 

valuation 
2 0,20 0,40 1 0,20 0,20 3 0,20 0,60 

Environmental Impact 

valuation 
1 0,20 0.20 2 0,20 0,40 3 0,20 0,60 

Energy recovered 

valuation 
1 0,30 0,30 2 0,30 0,60 3 0,30 0,90 

TOTAL   1.20   1.80   3.00 

Table 2. Decision Matrix. 

  

 

 


