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energy in urban water distribution systems. For this purpose, the viability and possible

alternatives of installing conventional turbines or pumps working as turbines
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(PATs=Pumps as Turbines) at the head of pressure hydraulic networks in two towns in
the province of Huelva have been studied: Cafiaveral de Ledn and Aracena (Andalucia,
southwest Spain). Sensitivity analyses are carried out for: (a) To study the feasibility and
efficiency of installing turbines or PATSs in the hydraulic networks; (b) To determine the
required hydraulic capacity of the turbines or PATS; (c) To analyse the installation points
in the pipeline network; and (d) To evaluate the possible generation of electrical energy.
The evaluation of the recoverable amount of hydraulic energy in both water distribution
systems requires the application of the energy conservation equation, taking into account
the calculation of load losses, the Darcy-Weisbach equation. A diagram energy height-
flow rate with different working ranges of commercial turbines/PATs was used for the
selection of the appropriate hydraulic machine. The results obtained of the Aracena
hydraulic network show that the best solution would be the installation of a 2 kW BANKI
that could generate an approximate annual energy of 17,52 MWh/year. In the Cafiaveral
de Ledn water supply system a 0,75 kW BANKI turbine with an approximate annual

energy generation of 6,57 MWh/year is proposed as the best solution.

Keywords: Reversible hydraulic machine; PAT; turbine; water distribution system;

energy efficiency; economic viability

1. Introduction

The recovery of non-used hydraulic energy in pressurized water distribution
systems is an alternative to microgeneration of electricity. This could be included in the
plans and policies of action that facilitate the development of a sustainable economy
compatible with social welfare and environmental requirements (European Comission,

2017). The energy cost is a key aspect for the management of water distribution systems.
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Although the efficiency of these systems is increasingly better, the water supply cost
linked to energy has risen significantly in the last decades (Lima et al., 2019). In
specialised literature, the use of microturbines in pressurized hydraulic networks as an
alternative to generate electricity from non-used hydraulic energy has been assessed (Mc
Nabola et al., 2014; Kim et al., 2015; Samora et al., 2016a; Rodriguez-Pérez et al., 2017,

Rodriguez-Pérez and Pulido-Calvo, 2019).

Actually, a term that is increasingly used is that of ‘smart cities’, which is closely
related to the promotion of environmental sustainability in urban districts that seek self-
sufficiency in certain productive and service sectors. One approach is the development
and implementation of technology and novel methods for the regulation, control and
monitoring of water distribution systems (Keeling and Sullivan, 2012; Dini and Asadi,
2020; Ramos et al., 2020). An alternative to this approach is to consider the use of
hydraulic machines, turbines or pumps working as turbines (Pumps as Turbines = PATS)
in order to recover most of the energy dissipated in the regulating valves of the urban
water distribution systems (Fecarotta et al., 2015; Fontana et al., 2019). One of the key
aspects in this type of proposal is the evaluation of the optimal location of these hydraulic
machines and the hydraulic capacity required to install them in the pipes systems. The
nodes where greater energy is dissipated are analysed, in order to carry out a feasibility
study (Power et al., 2016; Samora et al., 2016b; Fernandez-Garcia and Mc Nabola, 2020).
Another aspect to consider is the number of turbines to insert in pipe systems (Rodriguez-
Pérez et al., 2017). For example, Samora et al. (2016a) studied the parallel installation of
microturbines that are activated depending on the existing water demand.

Another alternative is the recovery of hydraulic energy not used in pressure
irrigation systems, in which energy consumption can be considered approximately 40%

of the total cost of water (Crespo-Chacon et al., 2019). This microgeneration could
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support in the future the energy supply security in irrigation districts of many regions with
potential water scarcity combined with growth in the water demands (Kyle et al., 2021).
The studies carried out on the placement of pumps working as turbines (PATS) in water
distribution systems for urban and irrigation districts, and which show the viability of this
alternative should be noted (Carravetta et al., 2014; Pérez-Sanchez et al., 2017; Garcia-
Morillo et al., 2018; Romero-Marrero et al., 2018). This energy recovery system is
justified by having, in general, a lower initial investment for certain usable energy heights

(Pérez-Sanchez et al., 2020).

The main purpose of this study is to evaluate the possibility and viability of making
use of the hydraulic energy dissipated in the regulation valves currently installed at the
head of the water distribution systems of the towns of Aracena and Cafaveral de Ledn in
the Huelva province (Andalucia, southwest Spain). The management of the potable water
supply in these towns is currently carried out by the public company ‘Gestion Integral del
Agua Costa de Huelva S.A (Giahsa)’. The possibility of installing conventional turbines
in both hydraulic networks as well as pumps working as turbines (PATs = Pumps as
Turbines) is compared. Both alternatives are compared in order to determine viable and
profitable solutions. With regard to the study of economic viability, the analysis was

carried out by calculating the payback period (PP).

This paper is an extension and improvement of the work Rodriguez-Pérez and
Pulido-Calvo (2019), by means of a more concise and detailed analysis. This was done,
considering other water distribution networks, modelling different turbines/PATS
locations, and comparing the results in terms of efficiency and viability for both studied

systems.



©CO~NOOOTA~AWNPE

2. Study area

In this paper, we are going to study the water distribution systems of the towns of
Cafiaveral de Ledn and Aracena (Huelva, southwest Spain) in order to know the possible
installation of hydraulic machines (turbines and/or PATS), which can recover the non-
used hydraulic energy. The pipe section in which the optimal location of the turbine
and/or PAT is analysed includes the conduction between the supply tank and the

regulation valve to the intakes of both towns (Fig. 1 and 2).

In the case of Canaveral de Leon, the supply reservoir is at a height of 604 m. From
there, the water is distributed through a 160 mm diameter polyethylene pipe to the
regulation valve at a height of 551 m. From this point, potable water is supplied to the
urban nucleus. The flow at the inlet of the regulation valve is 5 I/s. Points in the
conduction every 50 m (points 1, 2, ..., 10; Fig. 1) are analysed as locations of turbine
and/or PAT installation. The valve, which regulates the inlet flow to the urban nucleus of
Cafiaveral de Ledn, is a pressure-reducing valve. The pipe is made of 160 mm diameter

polyethylene and is 8 years old.
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Fig. 1. Scheme of the head of the water supply system in Cafaveral de Ledn (Huelva,

Spain).

The water supply system of Aracena has a supply reservoir at an altitude of 715 m.

From this the water is distributed through a 250 mm diameter cast iron pipe to the
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regulation valve, located at a height of 664 m, the purpose of which is to regulate the
drinking water flow requirements of this town. The flow at the inlet of the regulation
valve is 15 I/s. Points in the conduction every 50 m (points 1, 2, ..., 6; Fig. 2) are analysed
as locations of turbine installation and/or PAT. The Aracena regulation valve is a

pressure-reducing valve with an external pilot. The pipe is made of 250 mm cast iron and

is 10 years old.
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Fig. 2. Scheme of the head of the water supply system in Aracena (Huelva, Spain).

3. Localization and selection of hydraulic machines

The current distribution of monthly flows in each of the water supply systems under study
is shown in Figure 3. This figure has been made with the monthly data provided by the
company that manages the network. The maximum monthly flows are from April to
October in Aracena and from June to September in Cafiaveral de Ledn. In the simulations
carried out in this work, the maximum flow rates were considered when selecting the
hydraulic machines. This facilitates the performance of the turbine by receiving a constant
flow. This approach implies a maximum flow operation scheme due to the fact that the
water is driven by gravity from the supply tanks (Fig. 1 and 2). This would be possible
thanks to the fact that the company has storage tanks in the town to store the excess flow
that we could have. In our case, it would be 5 I/s in Cafaveral de Ledn and 15 I/s in

Aracena.
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Fig. 3. Temporal series of monthly flows in the water supply systems of Aracena and

Canaveral de Ledn (Huelva, southwest Spain).

A diagram of energy height (H)-flow rate (Q) is shown in Figure 4, representing the
ranges in which different types of commercial turbines operate. It was built collecting
data from different manufacturers and suppliers of commercial turbines and PATS.
Among the types of turbines included in this diagram are BANKI, FRANCIS, KAPLAN,
PELTON and TURGO and pumps working as turbines PAT. This H-Q relation has been

implemented in a computer program, designed with a user-friendly framework, to support
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decisions making in the installation of these hydraulic machines in water distribution

systems (Rodriguez-Pérez et al., 2021).
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et al., 2021). Flowchart with the description of the methodology followed to the selection

of hydraulic machines.

To determine the optimal location of the turbine installation in the water supply
systems of this study, the following parameters are considered: (a) the elevation at the
point of installation; (b) the distance at which the aforementioned chosen point is from
the supply reservoir; (c) the height of energy required by the fluid at the inlet of the

regulation valve; and (d) the non-used energy height of the fluid.

After determining the best location for the hydraulic machine, the velocity at which
the fluid water reaches the turbine/PAT, the energy conservation equation is applied,
considering and comparing, for the calculation of energy losses due to friction, the Darcy-
Weisbach equation. With the flow and speed with which the water reaches the point of
optimal location of the turbines/PATS, the selection of those which meet the hydraulic
requirements is made considering: (a) the type of turbine (Pelton, Francis ...), (b) the
hydraulic capacity of the pumps working as turbines (PATs) (Rodriguez-Pérez et al.,
2017). Subsequently, the energy is obtained in MWh which could be generated with the

selected hydraulic machine.

Two alternatives for the location of the turbines/PATS are also analysed: in series
and in parallel to the regulating valve (Samora et al., 2016a; Rodriguez-Pérez et al., 2017;
Rodriguez-Pérez and Pulido-Calvo, 2019). With the option in series to the regulating
valve (Fig. 5B), we find the problem that in order to maintain it, the line would have to
be stopped. With the second alternative, the turbine would be placed parallel to the
regulating valve (by-pass installation) (Fig. 5A). This option is considered the ideal
because the maintenance of the turbine/PATSs or the regulating valve can be carried out

without having to stop the line at any time, thanks to the motorized valve that regulates
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the flow that circulates through each one of the lines. On the other hand, this motorized
valve is also responsible for regulating the maximum flow that must pass through the

turbine/PATS, since an excess flow could be a problem for it.

TURBINE

4] Mot

CONTROL | CONTROL
VALVE MOTORIZED MOTORIZED VALVE
VALVE REDUCING VALVE
VALVE

B
TURBINE % —[)%»
CONTROL CONTROL ! CONTROL
VALVE VALVE VALVE
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Fig. 5. Alternatives for installing the turbine in the hydraulic network: (A) Turbine in
parallel to the regulation valve (by-pass); and (B) Turbine in series to the regulation valve

(Rodriguez-Pérez et al., 2019)

The economic evaluation of this study is carried out from the analysis of the
payback period (PP) (Fig. 4). It should be noted that the same analysis will be developed
in both water supply systems. In order to carry it out, the scenario of this investment
project must be established in order to calculate the total cost which the initial investment
will entail. An estimation of the energy cost savings involved in turbine installations in
the hydraulic networks of the study is also made. To achieve it, some simulations of the
fluctuation of the price of electrical energy in future years are evaluated, considering two

scenarios. In the first scenario, an annual increase of 3% in the price of energy is evaluated
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for 10 years. The second scenario foresees a decrease in the price of energy of 3% per

year due to the promotion and increase of renewable energies.

3.1 Efficiency and usable annual energy in the water distribution systems in study.

In order to analyse and evaluate the usable energy height (Ah final) in each of the
selected locations of Cafaveral de Leon and Aracena water supply systems (Fig. 1 and
2), in the application of the conservation equation, friction energy losses Hioss are
calculated using the Darcy-Weisbach and Colebrook-White equations (Equations 1 and
2). For the 8-year polyethylene pipe of the Cafiaveral de Le6n headwater system an
absolute roughness value of k = 0,0015 mm are considered (Giles, 1962). For the 10-year
ductile iron pipe of the Aracena header system an absolute roughness value of k =1 mm
(Giles, 1962).

Darcy Weisbach equation:

81 LQ2

Hioss = 9n?D5 ()
Colebrook-White equation:
1 k/D | 251
Vi 200910 (3,7 + Re\/X) (2)

The Reynolds number for a full pipe that the flow circulates inside is given by:
Re = — (3)

where A is Darcy's friction coefficient; k/D is the relative roughness (absolute
roughness/pipe diameter); u is the velocity of the fluid; and v the kinematic viscosity of
the fluid. For the calculation of Reynolds number, a value of 1,0023e-6 m?/s for the

kinematic viscosity of water was taken.

Table 1 shows the hydraulic characteristics of the pipe in the head of the water

supply systems of Cafiaveral de Leon and Aracena (Figures 1 and 2). Tables 2 and 3 show
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all the results of usable energy height for all localizations studied in both water
distribution systems. To calculate the length of the pipe in each section, the inclination in
each of them (angle) has been taken into account, obtaining a total length of 552,78 m in

Caniaveral de Leon and 304,51 in Aracena (Tables 2 and 3).

Table 1. Hydraulic characteristics for the water supply systems of Cafiaveral de Leon
and Aracena

Q D(m) k(m) €&=k/D Re A u (m/s)
(md/s)
Canaveralde 0,006 0,16 15e-6 9,375e-6 39697,43 0,0220 0,25

Ledn

Aracena 0,015 0,25 0,001 0,004 76219,07 0,0298 0,31

Table 2. Simulations of the usable energy height (Ah final) in the Cafiaveral de Le6n
water supply system (Huelva, Spain), considering different locations of the turbine/PAT
(Fig. 1) (Rodriguez-Pérez et al., 2019).

absc):(issa (?nz) ( deg(;ree) L;iggtgrzatt:?le Dllicil;j/-{;i;ies,i):gh AH(::)nal
(m) L (m) (m)

1 50 7 797 50,49 0,02 6,08
2 100 12 571 100,74 0,04 11,96
3 150 18 6,84 151,10 0,07 17,93
4 200 23 571 201,35 0,09 22,91
5 250 28 571 251,59 0,11 27,89
6 300 33 571 301,84 0,13 32,87
7 3% 38 571 352,09 0,15 37,85
8 400 44 6,84 402,45 0,17 43,83
9 450 49 571 452,70 0,20 48,80
10 500 51 229 502,74 0,22 50,78
Regg:sgon 550 53 229 552,78 0,24 52,76
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Table 3. Simulation of the usable energy height (Ah final) in the Aracena water supply
system (Huelva, Spain), considering different locations of the turbine/PAT (Fig. 2)
(Rodriguez-Pérez et al., 2019).

X Az o Length of the  Head losses by Ah
abscissa (M) (degree) pipe branch L  Darcy-Weisbach  final
(m) (m) (m) (m)
1 50 8 9,09 50,64 0,03 7,97
2 100 19 12,41 101,83 0,06 18,94
3 150 24 571 152,08 0,09 23,91
4 200 32 9,09 202,72 0,12 31,88
5 250 42 11,31 253,71 0,14 41,86
Regulation 55, 57 1020 304,51 0,17 50,83
valve

The power P generated by the turbine/PAT in the studied localizations are

calculated as:

P=ypQH (4)
where Q is the flow driven by the hydraulic machine, H is the usable net energy height, 1
is the yield of the hydraulic machine (an average value of 85% is considered) and v is the
specific weight of the water (9810 N/m?®). Considering that the turbine/PAT will be in
operation 24 hours/day throughout the year (8760 h), the maximum usable energy would

be calculated as:
Usable energy = annual hours x P (5)

For the selection of the best locations for the installation of turbines/PATS, the following

criteria are followed:
1) The energy available in Cafaveral de Leon is taken into account, which is 23,36

m. For this reason, locations 1, 2, 3 and 4, in which the available energy has not

yet been reached, would be discarded (Table 2). The minimum energy required in
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2)

3)

Aracena, is 21,43 m. For this reason, locations 1, 2 and 3 would be discarded in
which the available energy has not yet been reached (Table 3).

Among the remaining locations, the one with the lowest installation cost is taken
into account. As mentioned in the paper, it is intended to parallel the regulating
valve with a bypass system. This implies that to obtain a lower installation cost,
it should be placed at the shortest possible distance from the regulating valve. It
must be taken into account that in this location there is already a pit in which the
regulating valve is located and the work that would have to be done would be less
significant.

Finally, the maintenance that must be performed on the turbines/PATS and the
regulating valve is taken into account. If both are in the same pit, it facilitates such
maintenance. As the two are in parallel, the maintenance of both elements can be
carried out without the need to cut the line, thanks to the motorized valve that

regulates the flow that passes through the turbine and the regulating valve.

Canaveral de Ledn water distribution system:

H =52,76 (m) - 29,40 (m) = 23,36 m (6)

Pregulationvaive = 0,85+ 9810 (N/m?) - 0,005 (m?/s) - 23,36 (m) = 973,94 W (7

Aracena water distribution system:

H =50,83 (m) - 29,40 (m) = 21,43 m (8)

Pregulation valve = 0,85 - 9810 (N/m3) . 0,015 (m3/S) . 21,43 (m) = 2680,41W (9)

With these data, the most appropriate turbine/PAT is chosen for the selected

localizations in each of the water distribution systems under study. Figure 4 shows a
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diagram which represents the ranges in which the types of commercial turbines most used
work (Pelton, Francis, Kaplan, Banki and Turgo), as well as pumps working as turbines
(PATS). With the requirements for flow (Q) and usable energy height (H), and using this
diagram, the type of turbine and/or PAT recommended for the cases under study is

determined.

For the Cafiaveral de Ledn water distribution system, as can be seen in Figure 4, the
only turbine that could be valid for this area is the BANKI type turbine. With regard to a
PAT, for this flow and net energy height, it would not be possible. The BANKI turbine
which would be placed would have a generated power of 0,75 kW (this power is used
since it is the one that can be found in commercial turbines). Therefore, the maximum

usable annual energy would be:
Annual energy = 8760 (h/year) - 750 (W) = 6,57 MWh/year (10)

For the Aracena water distribution system, as can be seen in Figure 4, a BANKI
type turbine could be used. On the other hand, it would also be within the range of Kaplan
turbines, but in this case, said turbine would be discarded because it is at one end of the
section, considerably reducing its performance. Taking into account the characteristics of
the selected location, a higher performance would be obtained with the choice of a
BANKI turbine (85% depending on the manufacturer). PATs underperform. Therefore,
in this case a BANKI turbine is selected, in the same way as we selected in Cafaveral de
Ledn. The hydraulic capacity of this BANKI implies a generated power of 2 kW. The

maximum usable annual energy would be:
Annual energy = 8760 (h/ year) - 2000 (W) = 17,52 MWh/year (11)
With regard to the localization of the turbine in the pipes network, both in Cafaveral

de Ledn and Aracena, it would be placed parallel to the pressure-reducing valve. This is

because by placing it in a parallel position, maintenance can be carried out without the
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need to cut the hydraulic network that supplies the population. However, if it were placed
in a series, the hydraulic network would have to be cut if there were any type of failure

in the turbine.

3.2. Economic viability of the proposed alternatives

The investment elements to consider in this investment for the recovery of unusable
hydraulic energy in both water supply systems are the following: (a) In the case of the
Cafiaveral de Ledn hydraulic network, a 0,75 kW commercial BANKI turbine which
includes a speed control system and electrical protections; (b) For the Aracena hydraulic
network, a 2 kW commercial BANKI turbine with a speed control system and electrical
protections. The installation of these turbines requires in both hydraulic networks: (a) a
membrane valve; (b) construction materials (cement, bricks, etc.); and (c) the
transportation of all these supplies from the factory to the place of delivery and reception.
In addition, the cost of installation and initial operation in both municipalities must be

taken into account.

The calculation of the cost of these elements has been carried out using real data
provided by companies of the sector that estimate the cost of the materials and labours
required to install them. Thus, the initial investment values have been established,

including the installation costs, which are reflected in Table 4.
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Table 4. Budgets for the initial investment of the proposals for the installation of
turbines for the use of energy in the water supply systems of the municipalities of
Cariaveral de Leon and Aracena in the province of Huelva (southwest Spain)

Initial investment budget (€)

CANAVERAL DE LEON ARACENA

Turbine 6.500,00 7.300,00
Diaphragm valve 300,00 300,00

Construction materials 1.500,00 1.500,00
Equipment transport 250,00 250,00

Initial operation 2.000,00 2.000,00

Budget 10.550,00 11.350,00

21% VAT 2.215,50 2.383,50

Budget with taxes included 12.765,50 13.733,50

It must also be considered that, once the investment has been made, there are some
minimal costs related to maintain the investment. These expenses consist on operating
costs, eventual repairs and so on. In order to quantify the cost of this maintenance, an
approximate cost of 200 €/year has been considered. This amount could be consumed
annually or accumulated for the following year, as this type of facility may or may not
require this maintenance for several years. Furthermore, it can be considered that the

useful life of this investment in both municipalities, with its maintenance, is 25 years.

Therefore, having calculated the parameters of the total initial investment, useful
life and annual maintenance cost, we calculate the payback period (PP). According to the
data obtained, Cafiaveral de Le6n and Aracena facilities are estimated to generate 6,57
MWh/year and 17,52 MWh/year, respectively. The aim of these investments will be to
use this generated energy for self-consumption of the hydraulic installations under study.
The approximate consumption in the Cafaveral de Ledn water supply system is 13,85
kW and 0,75 kW could be generated, while in the Aracena water supply system it is 2 kW
and 2 kW could be generated. The Cafiaveral de Ledn installation consumes so much
energy because it is the only installation of these characteristics in the municipality, while

the Aracena there are many small substations within the same municipality and the energy
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consumption is lower. The consumptions that exist in both hydraulic networks correspond
to the energy expenditure of the machines and the lighting system that currently exists in
each of the two installations. For the calculation of the costs related to self-consumption,
it is very probable that, in the near future, the new regulation controlling this will not
include the high linked taxes due to many of the European regulations that propose and

favour economies that make social welfare compatible with respect for the environment.

To calculate the energy savings of this investment, which is considered to have
begun in 2020, it is necessary to estimate the fluctuation of the price of electrical energy
in subsequent years. With regard to this, the variation that the price of energy has suffered
in the last decade, from January 2010 to December 2019, has been analysed, using the
data provided by the Iberian Energy Market Operator (OMIE, www.omie.es), which

reflects an average annual increase of 3%-4% over the last 10 years.

Two scenarios are taken into consideration in order to calculate the future evolution
of the price of energy. Both scenarios have been calculated taking as a starting point the
price of electrical energy 2019 (47,7460 €/ MWh). Therefore, in the first scenario
(scenario a), it is estimated that the price will increase in a similar way as in the last 10
years an average annual increase of 3% is considered. For the second scenario (scenario
b), an average annual decrease of 3% is estimated, a situation which could arise in the
face of policies to promote and encourage investments in renewable energy, following

the recommendations and European regulations (Table 5).


http://www.omie.es/
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Table 5. Simulation scenarios considered for estimating the evolution of the monthly
average price of electrical energy (E/MWh): (a) Considering an average annual increase
of 3%; and (b) Considering an average annual decrease of 3%

Scenario (a) Scenario (b)
Year Average monthly price of Average monthly price of
electrical energy (E/MWh) electrical energy (€/MWh)
2020 49,17 46,31
2021 50,65 44,92
2022 52,17 43,57
2023 53,73 42,26
2024 55,35 41,00
2025 57,01 39,77
2026 58,72 38,57
2027 60,48 37,42
2028 62,29 36,29
2029 64,16 35,20
2030 66,09 34,15

The payback period (PP) of the installation of the selected hydraulic machines in

Cafiaveral de Ledn and Aracena water supply systems is calculated as:
PP = a + 2=° (12)
Fy

with a the immediately previous year in which the investment is recovered, lo the initial
investment of the project, b the sum of the flows up to the immediately previous year in
which the investment is recovered and F: the cash flow of the year in which it is recovered

the investment (Vaquiro, 2010).

The investment value (a) including the cost of the installing was given in the table
4. Regarding to calculation of the flows to calculate b and Ft, the flows reflect the inflow
and outflow of cash during the useful life of the investment. Therefore, in order to
calculate it, we consider the incomes derived from the generated energy by its price,
depending of each scenario. We also discount the annual maintenance costs in each

location per year.
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After calculated these flows, we obtain that for the first scenario the payback of
Caniaveral de Leon is 80 years and the payback of Aracena would be 17 years. However,
for the second scenario it was obtained that the payback of Cafaveral de Leon and

Aracena would be higher than its useful life.

4. Conclusions

This study examines the possibility of recovering non-used hydraulic energy at the
head of two water distribution systems in two urban areas. A graph of the energy height-
flow rate requirements is used to select the commercial turbines/PATSs to install in a
project of these characteristics and, therefore, it facilitates the estimation of the possible
generation of electrical energy. It is recommended that the hydraulic machines be
installed in a parallel position with the valve that regulates the distribution of the water

flow to each of the intakes of the urban areas.

Although the payback period does not support the decision to promote this type of
microgeneration of electrical energy, it would be advisable to add in future studies
indexes which characterize the socio-environmental benefits that can be obtained with

this type of alternatives.

Funding: No funding was received for conducting this study.
Conflicts of Interest: The authors have no conflicts of interest to declare that are relevant

to the content of this article.
Ethics Approval: Not applicable
Consent to Participate: Not applicable

Consent to Publication: Not applicable



©CO~NOOOTA~AWNPE

Availability of data and material: The necessary data has been provided by the public

company ‘Gestion Integral del Agua Costa de Huelva S.A (Giahsa)’.

Authors' Contributions: Conceptualization and methodology: A.M.R.-P., C.P.-C. and
I.P.-C.; validation, formal analysis, and investigation: A.M.R.-P., C.P.-C. and I.P.-C,;
writing—original draft: A.M.R.-P. and C.P.-C.; writing—review and supervision: |.P.-C.

All authors have read and agreed to the published version of the manuscript.

References

Carravetta A.; Fecarotta O.; Del Giudice G.; Ramos H.M. (2014) Energy recovery in
water systems by PATs: A comparisons among the different installation schemes.

Procedia Engineering 70, 275-84.

Crespo-Chacén M., Rodriguez-Diaz J.A., Garcia-Morillo J., McNabola A. (2019) Pump-
as-Turbine selection methodology for energy recovery in irrigation networks: Minimising

the payback period. Water 11, 149.

Dini M., Asadi A. (2020) Optimal operational scheduling of available partially closed
valves for pressure management in water distribution networks. Water Resources

Management 34, 2571-2583.

European Commission (2017). Report from the Commission to the European Parliament,
the Council, the European Economic and Social Committee and the Committee of the
Regions Accompanying the Mid-term Evaluation of the LIFE Programme; European

Commission: Brussels, Belgium.



©CO~NOOOTA~AWNPE

Fecarotta O., Aricd C., Carravetta A., Martino R., Ramis H.M. (2015) Hydropower
potential in water distribution networks: Pressure control by PATs. Water Resources

Management 29, 699-714.

Fernandez-Garcia I., Mc Nabola A. (2020) Maximizing hydropower generation in gravity
water distribution networks: Determining the optimal location and number of pumps as

turbines. Journal of Water Resources Planning and Management 146(1), 04019066.

Fontana N., Giugni M., Glielmo L., Marini G., Zollo R. (2019) Operation of a prototype
for real time control of pressure and hydropower generation in water distribution

networks. Water Resources Management 33(2), 697-712.

Garcia-Morillo J., Mc Nabola A., Camacho E., Montesinos P., Rodriguez-Diaz J.A.
(2018). Hydropower energy recovery in pressurized irrigation networks: A case of study
of an irrigation district in the South of Spain. Agricultural Water Management 204, 17—

217.

Giles R.V. (1962). Theory and problems of Fluid Mechanics and Hydraulics. Schaum

Publishing Co., New York, USA.

Keeling M., Sullivan M. (2012). Fixing the future. Why we need smarter water

management for the world’s most essential resource. IBM Global Services, Executive

Report, New York, USA.



©CO~NOOOTA~AWNPE

Kim I., James J.A., Crittenden J. (2015) The energy-efficient, economical, and
environmental impacts of microturbines on residential customers. 2015 Seventh Anual

IEEE Green Technologies Conference, New Orleans, LA, USA.

Kyle P., Hejazi M., Kim S., Patel P., Graham N., Liu Y.L. (2021) Assessing the future of

global energy-for-water. Environmental Research Letters 16, 024031.

Lima F.A., Cércoles J.1., Tarjuelo J.M., Martinez-Romero A. (2019) Collective irrigation
network analysis considering plots irrigation scheduling. Ingenieria del Agua 23(2), 77-

87.

Mc Nabola A., Coughlan P., Corcoran L., Power C., Williams A.P., Harris |., Gallagher
J., Styles D. (2014) Energy recovery in the water industry using microhydropower: an

opportunity to improve sustainability. Water Policy 16, 168-183.

Pérez-Sanchez M., Sanchez-Romero F.J., Ramos H.M., Lopez-Jiménez P.A. (2017)
Optimization strategy for improving the energy efficiency of irrigation systems by micro

hydropower: Practical application. Water 9, 799.

Pérez-Sanchez M., S&nchez-Romero F.J., Ramos H.M., Lopez-Jiménez P.A. (2020)
Improved planning of energy recovery in water systems using a new analytic approach to

PAT performance curves. Water 12(2), 468.



©CO~NOOOTA~AWNPE

Power C., Mc Nabola A., Coughlan P. (2016) Micro-hydropower energy recovery at
waste-water treatment plants: Turbine selection and optimization. Journal of Energy

Engineering 143(1), 04016036.

Ramos H.M., Mc Nabola A., Lopez-Jiménez P.A., Pérez-Sanchez M. (2020) Smart water

management towards future water sustainable networks. Water 12, 58.

Rodriguez-Pérez A.M., Pérez-Calafias C., Pulido-Calvo I. (2019) Seleccion de la
localizacion y el tipo de microturbinas en redes hidraulicas a presion. VI Jornadas de

Ingenieria del Agua, Universidad de Castilla-La Mancha, Toledo, Spain, 553-556.

Rodriguez-Pérez A.M., Pulido-Calvo 1. (2019) Analysis and viability of microturbines in
hydraulic networks: a case study. Journal of Water Supply: Research and Technology—

AQUA 68(6), 474-482.

Rodriguez-Pérez A.M., Pulido-Calvo I., Caceres-Ramos P. (2021) A computer program
to support the selection of turbines to recover unused energy at hydraulic networks. Water

13, 467.

Rodriguez-Pérez A.M., Pulido-Calvo I., Pereira-Villasefior M., Dominguez-Castro L.
(2017) Evaluacion de la instalacion de microturbinas en redes hidraulicas a presion. V

Jornadas de Ingenieria del Agua, Universidade da Corufia, A Corufia, Spain.



©CO~NOOOTA~AWNPE

Romero-Marrero L., Pérez-Sanchez M., Lopez-Jiménez P.A. (2018) Estimation of the
characteristic curves of pumped systems working as turbines through their curves

operating as pump. Ingenieria del Agua 22(1), 15-26.

Samora I., Manso P., Franca, M.J, Schleiss A.J., Ramos, H.M. (2016a) Opportunity and
economic feasibility of inline microhydropower units in water supply networks. Journal

of Water Resources Planning and Management 142(11), 04016052.

Samora |., Franca M.J., Schleiss A.J., Ramos H.M. (2016b) Simulated annealing in
optimization of energy production in a water supply network. Water Resources

Management 30, 1533-1547.

Vaquiro J., (2020) Periodo de recuperacion de la inversion-PRI. Revista Pymes futuro

1(01), 45-92.



	Accepted Manuscript in Water Resources Management 35
	WRM2021 Accepted version



