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1. Executive Summary

This booklet is addressed to water and energy managers, policy ma-
kers and technicians working in water transportation and distribu-
tion of different industrial sectors, like public drinking water, irri-
gation and water-intensive industry. The basic guidelines for the
installation of Micro Hydro Power (MHP) in water networks in the
Atlantic Area (AA) of Europe are defined, introducing a strategy
for reducing the energy dependency in AA water networks. As a
starting point the opportunities and new technologies to recover the
potential energy that is available in man-made water networks (such
as those used for public drinking water, irrigation, wastewater col-
lection, and process industry operations) are examined. Then, all
the aspects of MHP design are also examined, including the best
location of the plant in the network, the best plant configuration for
the specific site, the possible use of energy in the specific location,
the historical data that are necessary for the design, the best Energy
Production Device (EPD) to be selected for the specific site, the
control of the EPD and the design of auxiliary piping. All these
points are crucial to maximize the exploitation of the excess pressu-
re or head, otherwise wasted, which will be partially or totally con-
verted to electrical power, using the best available technology. A
partial energy conversion is generally required when small amounts
of energy are required on site, as in the case of a monitoring and
control station of a water distribution network. On the contrary, a
total energy recovery is suitable when the MHP is connected to the
electric grid. In this case, the MHP will replace a traditional pressu-
re reducing valve, optimizing the pressure in the downstream part of
the network, without affecting the normal operation of the network.
A PAT (Pump as Turbine) is generally considered the best available
technology for this last kind of application: the REDAWN project
demonstrated the large potential of PAT technology to foster the
energy efficiency of AA. The economic viability of the plant was

Resumé




Le projet REDAWN
a démontrée le grand
potentiel de la
technologie PAT
pour favoriser

I’efficacité
énergétique
de I’AA.

Reducing Energy Dependency
in Atlantic area Water Networks

found to be strictly connected to an optimal MHP design, leading to
the maximum amount of primary natural sources that can be saved
— especially in terms of water for the reduction of leakage connected
to the pressure reduction strategy — and to the largest amount of
produced energy.
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2. Introduction

There is a large diffusion in water distribution networks of manual
or automatic valves used to reduce the excess pressure in a part of
the network. Why does the network experience a non-uniform pres-
sure head? This is the first question that needs an answer. A second
question is related to the use of Pressure Reducing Valves (PRVs).
Why must an excess pressure be contained?

If we consider the simplified sketch of a small part of the network
of Figure 1, we will observe that the variability of the pressure head
is determined by two factors. First, the ground elevation and the
building height is quite variable and the pressure head at the end
users reflects this variability. Second, the energy grade line decre-
ases with the distance from the water source as an effect of the flow
resistances, determining a reduction of the pressure head in the pe-
riphery of the network.

Energy grade fine

Land
Elevation

Figure 1. Typical water network locations for MHP energy recovery (Novara, D. Hydropower
Energy Recovery Systems: Development of Design Methodologies for Pump-as-Turbines in
Water Networks. PhD Thesis Sept 2019. University of Dublin, Trinity College).

Introduction
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supérieure a la
valeur minimale
requise par les
utilisateurs est
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A pressure larger than the minimum value required by the end users
is considered nowadays to be an unfavourable operating condition.
The limitation of the excess pressure to reduce leakage during the
water transportation is a real challenge for water utilities. Statistics
in Europe, referred to years 2012-2015, show that the amount of
leakage is varies considerably from one country to another, with a
mean value of 23% (Figure 2). For the Interreg AA nations the wa-
ter losses range approximately between 20% and 30%.

Instead of a general replacement of the oldest pipelines, two strate-
gies are generally accepted to reduce leakage: the creation of District
Metered Areas (DMAs), in order to balance the water pressures and
to make accurate resource balance, and the pressure reduction stra-
tegy, where the pressures in the network are reduced to minimize
the water leakage. In both the strategies, manual, motorised or pneu-
matic valves are located in selected points of the network in order to
reduce the pressure.
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Figure 2. Water distribution losses in EC countries in the 2012-2015 period
(https://www.eureau.org/resources/publications/1460-eureau-data-report-2017-1/file)
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A key issue facing MHP exploitation in the water networks is repre-
sented by the Best Available Technology (BAT) to be used in the
plants. The choice is connected to a series of conditions and design
constraints.

A Water Supply Network (WSN) can be divided into a Water Tran-
smission network (WTN) and a Water Distribution network (WDN)),
as shown in Figure 3. In a WTN the water is transfered from the
source to several storage tanks located in proximity of each town or
village; in a well-designed network the flow rate and the available
drop for energy production have limited daily fluctuation and the
available power is frequently larger than 20-30 kW. Instead, in a
WDN the water is transferred from the storage tanks to the end users
by a complex system of pipelines; the flow rate and available drop
for energy production have large daily fluctuation, determined by
the users’ demand, and the available power is smaller than 10 kW.
MHP in the WTN can be realized using the design criteria of the
larger power plants, including traditional turbines as the EPDs. The
only problem is represented by the complexity of the connection
to the electric grid and by the absence of energy users in the pro-
duction point. On the contrary, micro- and pico-hydropower plants
in WDNs have a completely different layout, for the necessity of
reducing the plant costs, in the presence of very small revenues. In
addition, the energy production does not represent the main goal of
the WDN managers, the reliability of the network being the most
important aspect of the water transportation and distribution.

La production
d’énergie ne
représente pas
I’objectif principal
des directeurs de

WDN, parce que la
fiabilité du réseau
est I’aspect le plus
important du
transport et de la
distribution de 1’eau




La conception
d’un MHP dans les
WDN est forcé
contraint par un
certain nombre de

facteurs, tous aussi
importants
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Figure 3. Sketch of a Water Supply Network

In conclusion, the design of a MHP in the WDNss is forced by the
following factors:

* the location of the MHP is not determined by the
economic impact of the plant itself, but by the economic
impact of a more complex management strategy;

» the specific cost of the MHP has to be reduced, compared
to traditional plants, for the small available power;

* the main concern of the water manager is the reliability of
the water service and the technology of the MHP has
to be reliable too;

* the lack of a possible use of the produced energy is
frequently a real limitation for the MHP construction.
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3. Potentiality of MHP
in AA networks

The REDAWN project quantified the energy resource potential of
water networks across the AA. This study was performed for the
different industrial sectors (public water, irrigation, wastewater and
water-intensive industry) and required a detailed investigation of
the excess hydraulic power available in the networks of the AA at
a local scale, an estimate of the excess energy passing from the lo-
cal to the regional scale, an evaluation of the efficiency of the BAT
for MHP, and a computation of the energy resource potential at the
national scale. This work presents valuable information which can
facilitate the full exploitation of the MHP technology, in all aspects:
device production, network management, and policy making.

An example of the methodology used for the assessment of the ener-
gy resource potential in the case of irrigation is shown in Figure 4.
Starting from a number of available network topologies, a prelimi-
nary MHP design is performed and the amount of energy recovery
is estimated at a number of sites with excess pressure within the
networks. Then, by a transfer function calibrated on the crop and
climate characteristics, the benefit is extended to the regional scale.
A similar process was created for the WDNs for urban water distri-
bution, for the recovery of the energy dissipated in the PRVs. Si-
milar processes were also followed for the wastewater and industry
network sectors.

Figure 5 shows the MHP energy recovery potential of Irish sites,
Northern Irish sites, Scottish sites and Welsh sites. For the indu-
strial sector, the potential of the MHP technology was estimated by
finding the available head drops at the outlet of the water treatment
plants and by calculating the corresponding energy production.

La posibilité de la
MHP dans les
réseaux de ’AA




Reducing Energy Dependency
in Atlantic area Water Networks

116 o

3

Legend
17
Energy (MWh)
0.7-78
79-149
15.0-31.2
313-519
52.0-754
B 75.5 - 114.7
W 114.8-165.4
I 16552819
I 252.0 - 548.4
M 548.5-1,633.2

18

0 50 100 200 300 400 01020 40 60 80
e —— — omoters O — —

Kilometers

Figure 4. Evaluation of the MHP potential in the irrigation network of Andalusia
La Figure 5 (https://doi.org/10.1016/j.renene.2020.03.143)

montre le potentiel
de la valorisation
énergétique du MHP
des sites irlandais,
nord-irlandais,
¢cossais et gallois

Figure 5. Evaluation of the MHP potential in northern AA urban water networks
(Irish sites, Northern Irish sites, Scottish sites and Welsh sites)
(https://doi.org/10.3390/w13070899)
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Figure 6. Total energy recovery potential estimated for the whole AA region

In Figure 6 the total energy recovery potential estimated for
the whole AA region is represented. The data are compiled
in a GIS platform showing the spatial distribution of energy
resources in the AA. The data can be accessed on the RE-
DAWN website (https:// www.redawn.eu/).
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La Figure 6
représente le
potentiel total de la
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d’énergie estimé pour
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4. Possible Use of Energy

The last factor cited in the introduction, that is the use of energy,
must be considered the starting point of the MHP design. Without
a clear idea of the potential value of the energy it is impossible to
make a correct viability analysis, in the absence of reliable data for
the MHP income. Considering that the pressure reduction of the
flow is strictly related to the energy exchange with the generator,
the electric energy has to be somehow used. This is the reason why
a large effort in the REDAWN project was made in identifying and
studying several unconventional schemes for the use of this energy.
We can summarize and discuss the following possibility for an ener-
gy use in the WDN:s:

1. energy production with grid connection

energy production with standalone use

energy production for WDN monitoring and control
energy supply to a freshwater stream

energy supply to a wastewater stream

S kW

energy recovery in the water supply chain

Energy production with grid connection

This is the classical solution for MHP installation. In this case, the
EPD can be equipped with an asynchronous generator and the ener-
gy recovered in the plant will supply the electric grid. This solution
is usually possible in the WDN of public drinking water system of
urbanised areas for the presence of a diffused energy distribution.
The small installed power of WDN power plants compared to the
electric power distributed to the end users makes the connection to
the grid very easy, for the stability of the electric waveform and of
the energy demand of the grid.

In these kinds of MHPs the primary goal of the design is the con-



Reducing Energy Dependency
in Atlantic area Water Networks

straint given by the backpressure value imposed by the water mana-
gers. The secondary goal is the plant reliability. The third goal is the
plant profitability.

Energy production with standalone use

When the MHP is installed in a peripheral part of the WDN of a pu-
blic drinking water system or in a rural site served by the WDN of
an irrigation system, the connection to the electric grid is frequently
impossible or not economically viable. In this case, the best alter-
native is to find local end users. Obviously, the matching between
the MHP locations and the end user locations is not easy to obtain.
Frequently, this pairing is obtained, but the power adsorbed by the
end user is smaller than the one offered by the MHP, and the size of
the plant has to be reduced.

An alternative is represented by the creation of a new commercial
activity in the MHP site using energy at a convenient tariff. As an
example, the energy recovered in the plant could be used to charge
batteries of different power, based on the MHP potentiality, from
car size batteries, requiring few kW, to phone batteries, requiring
less than 100 W.

Energy production for WDN monitoring and control
With the increase of the WDN monitoring, control and automation,
there is the necessity of supplying energy to small stations located in
selected point of the network, where the main parameters of the flow
are measured, data are sent to a centralized network control centre
and a valve is remotely controlled. These stations, when they are
located in a remote site, are not connected to the electric grid and an
alternative needs energy supply. Unfortunately, the power required

Dans les MHP
connectées au réseau
¢lectrique, I’objectif
principal du projet
est la contrainte
donnée par la valeur
de contre-pression
imposee par les
gestionnaires d’eau.
L’ objectif secondaire
est la fiabilité de de
I’usine. Le troisieme
objectif est la
rentabilité de 1’usine.




Il n’est pas inhabituel
dans le WDN que la
nécessité d’alimenter
en eau un petit
quartier situ¢ a une
altitude plus ¢levée
existe, par rapport au
reste du réseau en
altitude. Dans ces
cas, 1l est possible
d’augmenter le
rendement global

de la centrale par un
couplage direct de
I’EPD avec la pompe
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by these stations is small and does not justify the construction of a
conventional MHP. Therefore, some specific technologies are avai-
lable to convert a small fraction of the hydraulic energy in electric
energy to satisfy the request of the WDN monitoring and control
stations. Alternatives to meet these small energy needs include so-
lar panels and battery storage, however both have disadvantages in
comparison to MHP installations.

Energy supply to a freshwater stream

It is not unusual in the WDN for the necessity of supplying water
to a small district located at higher elevation to exist, compared to
the elevation rest of the network. The water is supplied to these are-
as by pumping stations taking water from one of the tanks located
along the WTN. The main stream could reach the tank with a resi-
dual energy that is merely dissipated. In these cases, it is possible
to recover this energy by creating a special power plant transfer-
ring directly the residual energy of the main stream to the smaller
stream directed to the small district. The conversion occurs from a
low pressure—high discharge flow to a high pressure—low discharge
flow. In these cases, it is possible to increase the global efficiency
of the power plant by a direct coupling of the EPD with the pump.
Another advantage is the reduction of the plant cost.

Energy supply to a wastewater stream
Another opportunity for an energy conversion could be present
when the dissipation node is located close to a wastewater pum-
ping station. These stations are used in the low point of the drainage
network in order to pump the wastewater towards a treatment plant.
In the presence of a wastewater pumping station close to the dissi-
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pation node of the freshwater network, it is possible to recover
the freshwater energy by coupling the MHP of the freshwater
network with the wastewater pump, reducing the energy request
of the wastewater network with small investment costs.

Energy recovery in the water supply chain
The energy recovery by MHP could be an important added value
in the definition of new water supply chains with lower environ-
mental impact. Water supply by direct pumping is a new strategy
to ensure an optimal pressure value in the network, as an alter-
native to the use of elevated water tanks or reservoirs with fixed
pressure levels. In the definition of the economic and environ-
mental benefit of the indirect pumping scheme, the alternative
of an energy recovery downstream of the elevated tank has to be
deeply analysed. In many cases, the revenues of the MHP could
change the balance of the benefits between the two supply solu-
tions.
Even in presence of upstream treatment plants within network, as
in the case of desalination plants, the energy recovery by MHP
can lead to an important reduction of the water costs.

La récupeération
d’énergie par MHP
pourrait étre une
valeur ajoutée
importante dans la
definition de
nouvelles chaines
d’approvisionnement
en eau a plus faible
impact
environnemental
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5. Existing Energy
Production Devices

The description of the EPDs on the market, or those in advanced
stages of testing and development, can be conducted considering the
above-mentioned applications.

We have been able to classify the machineries that can be used in
the MHP of the water supply networks within four families:

- Traditional turbines;
- Low power/High production EPDs;

- Low power/Low production EPDs;
- Turbo-compressors.

Traditional turbines

The classical Francis, Pelton or Banki turbines are frequently used
in Water Transmission (Figure 7). The first kind of turbine is used
for power plant located along a transmission pipeline, in presence
of backpressure. Francis turbines and generators are available in the
market for power as small as 20 kW, but 40-50 kW can be con-
sidered the lower limit for Francis turbine applications achieving
economic viability. Together with the cost of the EPD, the cost of a
complex control system should be considered, allowing the automa-
tic opening of a bypass pipeline in case of turbine malfunctioning or
in presence of an electric grid anomaly.

A Pelton or a Banki turbine could be the optimal solution for reco-
vering the residual energy at the end of a transmission pipeline, in
absence of backpressure. The first turbine is suitable for medium to
high head drops, while the second for small to medium head drops.
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Figure 7. Traditional turbines for use in WT (from left, Francis, Pelton and Banki turbines)

Low power/High production EPDs
In the Water Distribution part of the network, the available power is
smaller than 10 kW and the EPDs must satistfy a number of different
criteria:

* maximize the energy production;

» reduce the pressure to an expected value;
* minimize the power plant cost;

» maximize the power plant reliability.

The expectation can be complied more easily in the main branches
of the network, where the installed power is closer to the maximum,
than in the peripheral part of the network, where the installed power
reduces to a few kW or less. The EPDs potentially available in
WDNs are following presented.

Pump as Turbines (PATs) are traditional pumps used in inverse
mode (Figure 8, showing the French pilot plant developed within
the REDAWN project). It is the more diffuse EPD for high power/
high production in WDNSs. For the fixed geometry of the impeller
and in the absence of internal flow control, the use of the PAT has
to be combined with a regulation system. For the low cost of equi-
pment PATs are occasionally used also in WTNs. The advantages
are the low cost, the high reliability and the diffusion on the mar-
ket. PATs have been shown to be 5-15 times less expensive than

Les pompes a
turbines (PAT) sont
des pompes

traditionnelles
utilisées en mode
inverse, présentant
un faible cott, une
grande fiabilit€ et une
large diffusion sur le
marché
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the aforementioned traditional turbines within the 5-200 kW range
[32]. The disadvantage is the limited power plant efficiency [24].
The PAT concept has been recently included in some industrial pro-
ducts, providing compact solutions with fully submersed PATs or
reversible pump/PAT operation.

Figure 8. Pompe a
turbine dans 1’usine
pilote REDAWN en

France

Figure 8. Pump as turbine in REDAWN pilot plant

LucidPipe™ Power System (Figure 9) is a spherical, in-pipe hydro-
power turbine that generates electricity, operating on a large dia-
meter pipeline (24” - 60”). Each module extracts a small fraction of
the stream pressure, but more modules can be installed in sequence.
Target project payback of 10 years is reported, that is quite high.
Applications of the technology in Riverside California and Portland
Oregon (US) are reported in literature (Team, Purdue ECT, “LUCI-
DPIPE™ POWER SYSTEM” (2016). ECT Fact Sheets. Paper 224.
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http://dx.doi.org/10.5703/1288284316353). The advantages are the
inline displacement and the limited risk of pressure transients. The
disadvantages are the large extension of the EPD housing and the
high cost.

Saint-Gobain PA developed a micro turbine for drinking water sup-
ply pipeline network (Figure 10). A prototype of the turbine, with
26 kW power, was installed in 2017 in the drinking water produc-
tion plant in Annonay (Fr). No additional information was obtained
on the technology. The advantage is the inline displacement. The
disadvantage is in the lack of information on efficiency and design
data.

Figure 9. Systeme
d’alimentation
LucidPipeTM
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Figure 9. LucidPipe™ Power System (https://docs.lib.purdue.edu/cgi/viewcontent.
cgi?article=1224&context=ectfs)
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turbine de
Saint-Gobain PAM

Reducing Energy Dependency
in Atlantic area Water Networks

LucidPipe™ Rated Rated Flow Gauge | Head Head [ Operational |
Diameter Power (kW) | (MGD) Pressure Extraction at | Extraction at | Head Loss
(in) Required for | Rated Rated While | Coefficient
Rated (psi) Stopped [Running
| | | output (psi) | | (psi) | /Stopped)
24 14 24 48 5
42 | 50 | 64 143 5.9

60 100 128 13 5.0

2 6.7-8.4/2.0

7-10/2.3

7.7-10.1/2.3

12
1 1.1
1.2

Table 1. LucidPipe™ Power Data Overview
(https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=1224&context=ectfs)

A pressurized version of Pelton turbines is also available for WDNs. A
traditional Pelton is installed in a closed chamber and the pressure of the
air in the chamber is imposed to be equal to the required backpressure.
Due to the air entrainment in the jet of water, an external ventilation sy-
stem is required to maintain the pressure in the chamber. Special casing
setups can be used to minimize the air flow in a counter pressure Pelton
turbine. The advantage is the high turbine efficiency. The disadvantage is
in the complexity of the turbine management.

Figure 10. Saint-Gobain PAM micro turbine (https://www.saur.com/wp-content/uplo-
ads/2017/02/EN_20160103-_Saint-Gobain-PAM- CP_Annonay national-2.pdf)
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A number of promising technologies at an advanced stage of testing
are also available. These new EPDs try to overcome some of the
disadvantages of the existing technologies.

A pressurized Banki-Mitchell is a promising variant of the classical
channel flow turbine (Figure 11). The stream is forced to pass twice
through the EPD’s wheel blades, resulting in a very good energy
transfer and a high efficiency in a large range of flow rates. At pre-
sent the technology is not industrialized and the cost of the single
unit is high (Technology Readiness Level 6).

The tubular propeller is an EPD with a special configuration of the
pipeline to house a propeller turbine (Figure 12). The propeller turbi-
ne offers a free passage to the stream with an appreciable efficiency,
that could be increased in large plant using variable blade geometry.
The technology is not fully industrialized (Readiness Level 4).

Figure 11. Pressurized Banki-Mitchell (https://www.wecons.it/)

Figure 11.
Banki-Mitchell
pressuriseé




Figure 12. Le tubular
propeller
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pendant le projet
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generator N, T, oo
propeller

Figure 12. Tubular propeller

The pico-centrifugal turbine is a new EPD for in line displacement.
Experiments have been performed by IST during the REDAWN
project, in order to obtain a better characterization of the technology
(Figure 13). The technology is not fully industrialized (Readiness
Level 4).

Figure 13. Pico centrifugal turbine
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The Energy booster is a compact solution for energy production in
WD reducing the power plant installation costs (Figure 14). One
or more borehole pumps working in reverse mode are hosted in a
booster, and pneumatic valves are used to adjust the flow between
the two PATs and the by-pass, in order to maximize the produced
energy and obtain the imposed backpressure. The technology is not
fully industrialized (Readiness Level 4)

i
] -éz"ﬂ%}ﬁ?on ._ PUMP/PAT | —
MOTOR ,

| Pump/PAT |

__ GENERATOR

Figure 14. Energy booster

Figure 14. L’energy
booster développe
par I’Université de

Naples Federico II
pendant le projet
REDAWN
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Low power/Low production EPDs
The EPDs belonging to this family are created to extract only a
small fraction of the hydraulic energy of the stream. The produced
energy 1s used to supply monitoring and control stations along the
water network. The available EPDs are following presented.
The Picogen turbine is a compact EPD with a single rotating ele-
ment, represented by a propeller coupled with an alternator. The
EPD has the same transverse dimension of the pipeline (Figure 15).
In a 200 mm duct with an average flow of 100 m*/h, a 25 W Picogen
turbine can be installed, producing 0.06 bar pressure drop. Picogen
is fully industrialized.
The Greenvalve is a wheel turbine hosted in the closing element of a
ball valve, with an external generator (Figure 16). Energy is produ-
ced with the valve partially or completely open, without additional
pressure drops. The produced energy is used for the management of
the valve itself and to power monitoring devices. The technology is
not industrialized (Readiness Level 4).

External casing of the turbine that connects to

FRONT TURBINE BODY the pipe by standard means.

Element guaranteeing turbine block tightness,
FRONT TURBINE BLOCK

concentrates and accelerates the water flows
over the propeller blades.

An alternator with no seals and no grease,
PROPELLER & 3 T ] immersed in and lubricated by the water. Blades

ALTERNATOR

designed to make the most of low speed flows.

Figure 15. Picogen turbine (https://www.save-innovations.com/picogen)
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Flow control Energy harvesting GreenValve

E-9-

Figure 16. Green valve (https://www.polilink.polimi.it/it/green-valve-2/)

A number of pico turbines are also available for small energy har-
vesting. These EPDs are installed on a bypass pipe. These EPDs are
sold in combination with the monitoring or control device. As an
example, the X143IP Intermediate Power Generator, produced by
Claval, can be mounted on an Automatic Control Valve as repre-
sented in Figure 17.

Supplied Equipment

Power Generator Unit
Electronics & Battery Housing
CK2 Isolation Valve

X43 "Y" Strainer

B OWON -

Optional Equipment
P X141 Pressure Gauge
5 CRD-L Pressure Reducing Valve

Figure 17. X143IP Intermediate Power Generator produced by Claval
(https://www.cla-val.com/electronic/power-generators-and-flow-meters/x143ip)

Figure 16.
Vanne verte
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Turbo-compressors

These devices are created to transfer the hydraulic energy from one
flow stream to another. This solution has a larger diffusion in other
industrial sectors, like in ship engineering or in desalination plants.
Hence, turbo-compressors with very different design, efficiency and
costs can be found on the market.

The direct coupling of a PAT with a pump is the cheapest solution,
perfectly viable for the water networks (see Figure 18). Another
advantage of this kind of turbo-compressors is the possibility of co-
vering with the pumps on the market the whole range of possible
working conditions

Figure 18. PAT and pump direct coupling
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Turbochargers are turbo-compressors containing the turbine and
pump impellers in a same body (see Figure 19). These devices were
first used in the late 1980s and more widely adopted in the 1990s
in the naval and industrial mechanics, but are not in production at
present.

Figure 19. Turbocharger

Pressure exchangers are the top efficiency turbo-compressors used
to recover energy in the desalination plants (see Figure 20). Two
different working principles are used, based on an alternative piston
movement, or on a rotatory pressure exchange movement. Efficien-
cy can be as high as 98%. The cost of pressure exchangers is too
high for a real use in water networks.

Les turbocompresseurs
sont des
turbocompresseurs

contenant, dans un
méme corps, la
turbine et les rotors
de la pompe, mais ils
ne sont plus
disponible sur le
marché
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6. Network data in WDNs

The importance of creating a large database of hydraulic conditions
in the water networks for water managers has been largely studied
in literature. A classical hierarchy of a decision tree for a water sup-
ply system is reported in Figure 21.

Any change of the system status has to be considered as a part of a
proactive process, based on historical context data, future contexts
data and objectives (see Figure 22). The implementation of these
management processes for the location, design and installation of
MHP could seem unnecessarily complex, but this is not the case.
Despite the importance of energy recovery, the plants construction
is in general planned within a broad strategy with more important
targets. Energy recovery is a kind of positive side effect in a pressu-
re reducing strategy for leakage reduction.
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Figure 21. Decision tree of a Water Supply System
(WSS) — (https://doi.org/10.3390/w12113278).
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Figure 22. Reference proactive architecture for a network modeling and control (https://doi.
org/10.3390/w12113278)

The data for the design of an MHP in a water distribution network
should be of two types:

1. Data for a hydraulic model of the network;

2. Measured data in a specific site.

The first kind of data are used for the selection of valve and MHPs
location and design in the network, while the second kind of data
are used for the replacement of an existing PRV with a MHP. In all
cases, it is important to underline that the presence of the MHP af-
fects also points of the network displaced at large distance from the
dissipation node (see Figure 23). The check of the plant functiona-
lity has to be performed with reference to the critical pressure node.
Measured or calculated flow rates and pressures in the MHP node
must be available at an hourly scale to account for the demand va-
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riability in the WD. The effect of the seasonal variation of the user
demand should be evaluated too. In Figure 24 and Figure 25, flow
rates and pressures measured at a PRV in a network of SMPGA (Fr)
are reported. The head drop available for the energy conversion is
represented by the difference DH between the upstream and down-
stream pressure values at the PRV.

The basis for the MHP design is represented by the two plots of
Figure 26 and Figure 27, representing the DH(Q) plot and the fre-
quency distribution of the stream power dissipated by the PRV.

Figure 23. Effets du
PAT sur le nceud de
pression minimale
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Figure 23. Effects of the PAT on the minimum pressure node
(https://doi.org/10.1061/(ASCE)WR.1943-5452.0000384).
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Figure 25. Flow rate and available power distribution
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Figure 26. Head drop vs flow rate at the PRV site
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Figure 27. Frequency distribution of available power
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The best solution in terms of network functionality should be the
design of a MHP replacing exactly the PRV working conditions
existing in the dissipation node. In this way the process of energy
recovery would not modify the hydraulic conditions of the network.
Unfortunately, the small EPDs described in Chapter 4 are not equip-
ped with an embodied regulator, like the traditional turbines, and
their characteristic curves do not fit the operating conditions in the
dissipation node. This is quite clear in Figure 28a. The characteristic
curve of an EPD connected to an asynchronous generator depends
on the number of poles. For a given rotational speed, N, an operating
condition could stand in the H(Q) plane on the left or on the right of
the characteristic curve. In the first case, the EPD would produce a
head drop lower than requested by the pressure management, while,
in the second case, the head drop would be larger. Only occasionally
the EPD working condition could fit the WD operating conditions.
Therefore, the replacement of a PRV with an MHP could have the
effect of changing the system status, and this modification must be
deeply analyzed in order to avoid excess pressures, or pressure be-
low the minimum in the rest of the network.

In order to solve this problem, an external regulation of the EPD is
required and three possibilities exist (see Figure 29). In the Hydrau-
lic Regulation (HR), two automatic valves are required, the first in
series with the EPD, and the second on a bypass pipeline. The prin-
ciple will be clear observing Figure 28 (left). The first valve produ-
ces an additional head drop when the operating point is placed on
the left of the EPD characteristic curve. The second valve opens the
bypass when the operating point is placed on the right of the EPD
characteristic curve. In the Electrical Regulation (ER), the WD ope-
rating point and the EPD working point are matched by varying the
rotational speed of the EPD with the use of an inverter, see Figure
28 (centre). Finally, a combined regulation (HER) is also possible,
see Figure 28 (right).

For the large fluctuations of flow rate and pressure drop in the
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WDNs, determined by the variability of the user demand, the only
variation of the EPD speed is not sufficient to cover the whole range
of operating conditions. Therefore, a mixed HER would be neces-
sary. Previous studies demonstrated that the increase of MHP pro-
duction obtained with the HER, compared to use of the HR, is not
large enough to balance larger plant costs [5].

N
Qg o.H=Q" H)
Head
reduction
N>N AT T
Tyt Q.H; 1 PH=QH
Qi !Hi o
Discharge N
reduction
N,>N
Speed regulation Speed regulation
—— Characteristic curves o Flow-rate head points
Figure 28. Regulation of the MHP in different cases: HR (left), ER Fl gure 28 .

(centre) and HER (right) — (https://doi.org/10.1016/j.proeng.2014.02.031)

Régulation de la
MHP en évitant les
surpressions ou les
pressions inférieures

au minimum dans le
reste du réseau
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Electrical grid

Inverter

Series regulating valve (A)

Figure 29. Schéma de
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® Bypass regulating valve (B)
Figure 29. Hydropower plant scheme

(https://doi.org/10.1016/j.proeng.2014.02.031)
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7. Principles of MHP design

In the design of the MHP the following aspects are prevalent: the
reliability, the unitary cost, and the availability of the design data.
Just in case of Low power/Low production EPDs these aspects be-
come of little relevance, because the presence of the MHP does not
affect the WD status significantly, and the choice can be performed
based on the needs of the monitoring and control station. For high
reliability and low cost, the use of PATs can be preferred.

PAT selection in conventional MHP

One limitation to the exploitation of the PAT technology was repre-
sented by resistance of the pump producers to publish in their ca-
talogues the characteristic and performance curve in reverse mode.
Therefore, in the literature a large number of studies was focused on
the theoretical prediction of PAT working conditions based on the
pump working conditions. The REDAWN project tried to overcome
this problem by assembling a database of commercial PATs in order
to simplify the PAT choice and to place the MHP design on a more
solid basis. The database contains the performance curves of the in-
dustrial pumps operating in direct or reverse mode. An user friendly
code is available on the REDAWN website as a support tool for an
easy access to the database (https://www.redawn.eu/).

The second aspect in the design is represented by the choice of the
model and of the size of the PATs. The Variable Operating Strategy
(VOS) is the most diffuse PAT design strategy given in the techni-
cal literature. VOS is an iterative selection algorithm, evaluating the
model and size of the PAT which maximizes an objective function,
usually represented by the MHP effectiveness, in terms of plant pro-
ductivity and component reliability. A numerical code, given as a
support tool on the REDAWN website (https://www.redawn.eu/),
was created implementing VOS on the PAT database.

Principes de la
conception
d’un MHP




La strateégie
d’exploitation
variable (VOS) est la
stratégie de
conception la plus

répandue de PAT,
¢valuant le modele
ct la taille de la PAT
qui maximise
I’efficacité du MHP

Reducing Energy Dependency
in Atlantic area Water Networks

Starting from the MHP working conditions in a selected point of the
network, and on an imposed value of the backpressure, the selection
of the PAT is performed and the energy generated by the MHP is
determined.

Unconventional MHP

A different design procedure is necessary for the design of MHP used
for a direct energy supply from a freshwater stream to another water
stream (freshwater or wastewater). In both cases a complete theory
was developed during the REDAWN project and is now available in
the technical literature [14,28]. The direct transfer occurs by means
of a special device where a PAT is directly coupled with a pump and
the mechanical transmission occurs along the same shaft of the two
machines. Thus, the PAT converts the available hydraulic power
into mechanical power and its rotating shaft is directly connected
to another machine to pump the water in another pipeline. The con-
dition for this form of energy recovery is the presence of a specific
site where an excess of energy is present on the main pipeline of the
WSN and an energy supply is required on a secondary branch of the
same network or on a branch of a different network (e.g. wastewater
network). The first case, PAT-Pump (P&P) is represented in Figure
30, while the second case, Mixed PAT-Pump (MP&P), is reported
in Figure 31. In the first case, the same time distribution of the two
flow rates pattern can be assumed and the peak hour of the two
parts of the network coincides. In the latter case, instead, the pattern
of the wastewater network is usually delayed and a lag can exist
between the peak demand in the WDN (i.e. the maximum turbined
discharge) and the peak flow rate in the wastewater network (i.e. the
maximum pumped discharge).
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Figure 30. Hydraulic scheme of a PAT-Pump turbocharger - P&P
(https://doi.org/10.3390/w9010062).
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Figure 31. Hydraulic scheme of Mixed PAT-Pump - MP&P
(https://doi.org/10.3390/w12010038).
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In the first case, this kind of plant is viable when the available ener-
gy is related to high flow rate (Q,) and low head (H,), while in the
second part of the network a smaller flow rate (Q,) must be pumped
with higher pumping head (H,). The study [28] demonstrated that up
to one third of the turbined discharge can be pumped (Q,/Q,<0.33),
while the pumping head can be up to 4.5 times the turbined head
(H,/H,<4.5). The efficiency of the energy conversion can be up to
0.45, which means that up to the 45% of the available power can be
used to pump the water in the second part of the network.

The theory of the MP&P plant, with an energy transfer from the
freshwater to the wastewater stream, has been entirely developed
within the REDAWN project, with an application to the small Irish
village located in County Laois, about 100 km from Dublin (IE).
In Figure 32, the two networks are represented. On the left, the red
arrows represent the freshwater supply to the end users. In the right-
side network, instead, the wastewater is collected and follows the
slopes according to the blue arrows. The collection point of the wa-
stewater network coincides with the location of the MHP on the
freshwater network, which is supposed along the link 8-10, repla-
cing an existing PRV valve. Then, from this location the wastewater
must be pumped towards the treatment plant. The available dischar-
ge, head drop and power of the MHP plant are shown in Figure 33.
The turbo compressor for this MHP could be represented by a PAT
coupled with a bareshaft wastewater pump.
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Figure 33. Time series of flow (a), head loss (b) and available power (c) through the valve
located in link 810 (https://doi.org/10.3390/fluids3020041).




Le transfert
d’énergie du réseau
d’eau douce vers le
réseau d’eaux usées

permet différentes

hauters de pompage
dans le systeme de
pompage des eaux
usées, en fonction du
coefficient de
ruissellement

Reducing Energy Dependency
in Atlantic area Water Networks

The crucial aspect in the design of this kind of MHP is the time lag
between the pattern of the freshwater flow rate and the pattern of the
wastewater discharge. This lag is due to the characteristics of the wa-
stewater network, which affect the velocity of the water stream. The
wastewater flow distribution can be determined from the freshwater
flow distribution by a hydrological model, depending — among the
others variables — on the runoff coefficient ¢. Then, the design of the
MHP plant can be performed by a set of three equations, using the
average flow rate of the fresh and wastewater hydrographs.

The results of the design phase are clearly represented in Figure 34.
The energy transfer from the freshwater to the wastewater network
allows different pumping head in the wastewater pumping system,
depending on the runoff coefficient. For the available power in the
dissipation node of link 8-10 the possible pumping head in the pum-
ping station was found to vary between 1.6 m and 3.3 m.

3.5

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
¢ [-]

Figure 34. Daily averaged pressure head against runoff coefficient (¢) -
(https://doi.org/10.3390/fluids3020041).
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MHP layout and housing

The viability of an MHP in a water distribution network is strictly
connected with the total plant cost, including EPDs, piping, control
valves, electric components, housing, grid connection and mainte-
nance. Considering the small available power, and the connected
small annual revenue, these costs have to be strictly controlled. A
positive Net Present Value is possible for the presence in many ca-
ses of favourable design conditions. The use of PATs is the most
suitable solution to contain the EPD costs. The cost of the electric
components can be minimised by using a fixed PAT speed, with
energy produced at the grid frequency with an asynchronous gene-
rator. The cost of the piping and of the control valve is still a signifi-
cant expense in the list of costs, in presence of the flow rate and head
drop variability of the WD. In many cases, along the main WDN
pipelines the MHP can be placed in a large existing manhole or in
the chamber of a supply tank, reducing the cost of housing. Grid
connection is also granted in most of the urban sites. Finally, the
cost of plant maintenance, which at present can be only estimated
for the absence of a previous experience, should be much reduced
by the exclusive use of reliable industrial components [31].

The problem of the plant viability of Hydropower plant equipped
with Low power/High production EPDs becomes puzzling when
just a single one of the previous conditions is absent. A classical
case is the absence of a grid connection in the dissipation node, or
the lack of any kind of manhole for the power plant housing. The
only way to overcome this kind of problems is the research of a lo-
cal use of the energy and a reduced size of the plant.

Another complex situation is represented by the diffuse energy re-
covery in the peripheral branches of the network in presence of an
available power as small as 1 kW, a large fluctuation of flow rate
and pressure drop, and very small revenues of the hydropower plant.
The research can be of help in finding new solutions for these ex-
treme conditions. One possibility is represented by the use of PATs

La viabilité d’un
MHP dans un réseau
de distribution d’eau
est strictement liée au
cout total de
I’installation, y
compris les EPD, la

tuyauterie, les
vannes de régulation,
les composants
¢lectriques, le boitier,
le raccordement au
réseau et la
maintenance
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without a complete regulation system. The Single Series-Parallel
(SSP) system for hydropower plants has been recently proposed for
residential area, using two PATs and three simple ON/OFF valves
(see Figure 35). By an alternative use of the valves, the two PATs
can work in parallel or in series, covering a wide range of local ope-
rating conditions (see Figure 36). The SSP represented a simplified
solution for a PRV replacement, considering that the PATs working
conditions do not match the required operating conditions. The-
refore, the backpressure is not fully guaranteed, but it is obtained
only approximately. This solution increases the plant revenue, for
the wide range of flows where the production of energy is possible,
and reduces the plant cost, for the absence of a complete regulation
system.

Valve |
-
A A
—PAT A)- | W}
Ny
I S
—> L Valvell —

Figure 35. Single, series or parallel PATs system
(https://doi.org/10.1016/j.renene.2018.02.132)
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Figure 36. Working conditions of the SSP system
(https://doi.org/10.1016/j.renene.2018.02.132)

A further refinement of the SSP system has been proposed, reali-
zed and tested within the REDAWN project. The Energy Booster,

represented in Figure 14, is a compact SSP system using semi-axial

submersed pumps as PATs, placed in a booster. The advantage of
this system is the complete isolation of the power plant and the fa-

cility of MHP housing.

MHP location strategy
dropower plants in the framework of a pressure reducing strategy is

In complex water distribution networks, the optimal location of hy-
a complex task. It is important to stress from the very beginning that
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this problem cannot be solved by a complete uncontrolled numerical
algorithm. The number of states of the network and the number of
variables is too large in the real system even for the most advanced
optimization techniques. Obviously, for a practical purpose these te-
chniques will not be used on the complete network and a simplified
strategy must be used.

The first possibility is to use a two steps procedure: 1) finding the
optimal location of the dissipation nodes; i1) evaluating the econo-
mic viability of a PRV replacement with a PATs. This technique is
probably the most reasonable, considering that the main economic
advantage of a pressure reducing strategy basically comes from the
reduced cost of water due to the leakage containment rather than the
energy production. However, the research on the optimal location
of the dissipation nodes is really advanced and numerical codes are
already available for a practical use [25].

A second possibility is to find a reasonable location of the hydro-
power plant by using a heuristic approach. This alternative is much
more effective in presence of a network management based on the
identification of District Meter Areas (DMAs) with well control-
led pressure patterns and water flow monitoring, in order to reduce
water losses and to optimize the water systems management. The
DMA s are defined on the basis of a number of topographic, hydrau-
lic and social conditions. Then the water network loops are simpli-
fied by isolating the DMAs, reducing to a minimum the inflow and
outflow between the DMAs. As a consequence, the problem of the
optimal location is reduced in N different problems, N being the
number of DMAs.

Once the complexity of the problem of the PAT optimal location
has been reduced, a numerical optimization model can be consi-
dered the best way to identify the optimal location of valves and
MHPs. Some advanced optimization models have been developed
during the REDAWN project, which consider the whole network
and the whole daily demand pattern [25]. One of the proposed mo-
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dels is designed to find the optimal location of hydraulic devices,
considering both the water saving and the energy production. The
idea behind the model is that the water distribution networks are
complex systems, where any modification could affect the beha-
viour of the whole network. Moreover, in certain locations the use
of a MHP can be a viable solution to both to reduce pressure and
produce energy, but, in other cases, the reduction of pressure could
produce large water savings but small energy recovery: there a valve
can be more convenient than a turbine. The objective of the propo-
sed model is the maximization of the revenue of the investment cost
for the placement of PATs and valves. Figure 37 shows the obtained
optimal locations of pumps, valves and turbines in a synthetic wa-
ter network: the yearly income due to energy production and water
saving in the study case, related to the input volume of the network,
can be 0.036 €/m’/year.

In many cases, a two-step design will be necessary. In the first step,
an approximate solution will be found, which maximizes the Net
Present Value of the hydropower plants installation, based on a sim-
plified MHP layout. The solution of the model is the available di-
scharge and head jump. Then, based on these values, the final MHP
layout will be obtained by a refinement of the preliminary solution,
with the application of the design procedure presented above.

Dans de nombreux
cas, une conception
en deux étapes sera
nécessaire. Dans la
premiere €tape,

une solution
approximative sera
trouvee, qui
maximise la valeur
actuelle nette de
I’installation des
centrales
hydroélectriques,
sur la base d’un plan
MHP simplifié.
Ensuite, sur la base
de ces valeurs, le
tracé MHP final sera
obtenu par un
raffinement de la
solution préliminaire,
avec ’application de
la procédure de
conception VOS
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Figure 37. Optimal location of pumps, turbines and valves in a synthetic network
(Morani M.C., PhD Thesis, Newly proposed strategies to increase the energy
efficiency of water systems, University of Naples “Federico 11, 2021)
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8. Environmental
benefit of MHP

In addition to the potential economic benefit of the energy recovery,
the implementation of the MHP technology determine several po-
tential environmental benefits. In some cases, the potential environ-
mental benefit itself could represent a good motivation for the MHP
installation, considering the increasing interest on the environment
at a political and social level.

According to several studies made by IDAE, hydroelectric genera-
tion is the energy system producing the lowest impacts on the envi-
ronment per kWh generated, including renewable sources.

The following positive environmental effects of MHPs can be iden-
tified:

1. Greenhouse gas emissions are reduced, resulting in a lo-
wer incidence on global warming and climate change;

2. The use of water is non-consumptive since the water
used 1s not consumed, but rather is returned to the natural
environment without alteration of water properties;

3. The installed equipment does not affect the properties of
the water stream,;

4. The energy is used locally, reducing the environmental
impacts of any type of energy transport;

5. The environmental impact is reduced due to the con-
tained size of MHP plants, compared to the traditional
hydropower plants;

6. MHPs do not produce polluting waste, except in the con-
struction phase, which must always be followed by pre-
ventive and corrective measures;

Avantage
environnemental
de la MHP
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renouvelables
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Compared to other technologies, in MHP plants the equi-
pment whose manufacture involves smaller volume of
hazardous substances and smaller waste generation is
used;

The energy production is endless, thanks to the natural
hydrological cycle;

The risk of soil saturation due to pipe breaks is reduced
since MHP plants operate as pressure-reducing elements.

In general, the realization of a traditional hydropower plant includes
the following actions:

1.

AN ol e

Conditioning of roads.

Mulching and earthworks (depending on the work size).
Placement of pipes and construction of manholes.
Laying of electrical line.

Filling of excavation holes.

Construction of buildings to house electromechanical
equipment.

Transport, storage and assembly of electromechanical
equipment, causing strong environmental impacts.

The main potential effects are following presented:

1.

Release of substances, energy or noise (accidental rele-
ase of chemicals by construction machinery or during
maintenance works; emission of noise and vibrations by
use of machinery).

Soil, air and water pollution (loss of air quality due to
the emission of combustion gases and dust produced by
construction machinery; water and soil pollution due to
accidental spills).
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3. Destruction of vegetation, landscapes, habitats and fau-
na (e.g. higher erosive capacity of the water channel and
alteration of aquatic ecosystems owing to flow variation;
deposition materials; water barrier effect determined by
dams; erosion and degradation of soil and loss of vege-
tation cover by earthworks and excavations; habitat loss
due to the removal of vegetation and flooding over lar-
ge areas after the construction of dams; dislocation of
susceptible species due to noises; visual impact due to
landscape mutation caused by new infrastructures).

The integration of a MHP plant in any hydraulic infrastructure re-
quires only steps 3 to 7 above and in a much smaller size, hence
having a lower incidence on the environment. The impacts are mi-
nimized as a result of a smaller volume of excavation and of less
heavy machinery movement. Since MHPs are not located in natural
channels, these do not determine the alteration of the natural envi-
ronment. MHP plants also prevent the disruption of water stream or
the barrier effect due to the construction of dams or weirs. In addi-
tion, the loss of habitat due to the river flooding over large areas is
avoided.

However, during the plant operation, some environmental impacts
typical of any hydropower plant should be taken into consideration,
even though these occur on a smaller scale:

1. Energy or noise release (emission of noises and vibra-
tions by turbine operation; emission of electromagnetic
radiation by power lines).

2. Soil and water pollution for accidental release of chemi-
cals during maintenance works. In case of MHP plants
within water supply networks, the risk of contamination
of drinking water due to the dilution of toxic chemicals
should be also considered. To overcome this risk, it is

Etant donné que les
MHP ne sont pas
situés dans des

canaux naturels, ces
derniers n’alterent
pas I’environnement
naturel




Les résultats des
avantages potentiels
pour I’environnement
dans les pays AA sont
présentés dans la
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needed that the elements in contact with the water stream
should receive the treatments provided by the legislation
and that the lubrication circuits of moving parts do not
produce dangerous leaks.

With regard to the environmental benefits on the hydraulic infra-
structures, the installation of MHP plants allow to reduce the exter-
nal electrical supply, but rather a self-supply is guaranteed by the
exploitation of the energy embedded in the water stream itself. As a
result, the operating costs, as well as the carbon footprint of the in-
stallation, are significantly reduced. For a general assessment of the
environmental benefit of the MHP technology in the AA, the carbon
footprint has been assessed according to the MHP potential in each
country. Since MHP plants produce electricity without greenhouse
gas emissions, the reduction of CO, has resulted equivalent to the
electrical energy generated according to the electrical mix of each
country.

The results of the environmental potential benefit are reported in
Figure 38.
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Ireland ~~  United kingdom

ESTIMATED PRODUCTION (MWH/YEAR) POTENTIAL EMISSIONS REDUCTION (T CO2/YEAR) ESTIMATED PRODUCTION (MWH/YEAR) POTENTIAL EMISSIONS REDUCTION (T CO2/YEAR)

® Drinking Water ~ m Waste Water (urban & industrial) ™ Irrigation = Drinking Water » Waste Water (urban & industrial) ™ Irrigation

France

ESTIMATED PRODUCTION (MWH/YEAR) POTENTIAL EMISSIONS REDUCTION (T CO2/YEAR) ESTIMATED PRODUCTION (MWH/YEAR) POTENTIAL EMISSIONS REDUCTION (T CO2/YEAR)

® Drinking Water = Waste Water (urban & industrial) ™ Irrigation = Drinking Water = Waste Water (urban & industrial) ~ m Irrigation

Atlantic Area

m Portugal

ESTIMATED PRODUCTION (MWH/YEAR) POTENTIAL EMISSIONS REDUCTION (T
ESTIMATED PRODUCTION (MWH/YEAR) POTENTIALEMISSIONS REDUCTION (T CO2/YEAR) CO2/YEAR)
= Drinking Water = Waste Water (urban & industrial)  m Irrigation

® Drinking Water = Waste Water (urban & industrial)  ® Irrigation

Figure 38. Potential environmental benefit in the AA countries
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9. Conclusions

REDAWN project was focused on the exploitation of the micro-
hydropower energy recovery in the water sector, including drinking
water, wastewater, industry and irrigation networks, within the At-
lantic Area of Europe. The knowledge of many fundamental aspects
of the PAT technology has been acquired and support tools for the
design of MHP plants have been developed.

This booklet depicts the opportunities of the energy recovery in the
WDNSs of the AA, states the potential economic and environmental
impact of the MHP implementation and specifies the guidelines for
the design of MHPs in the water supply networks. These guideli-
nes will allow policy makers, water managers and technicians to
deeply understand the importance of the energy recovery inside a
more comprehensive strategy for the limitation of the energy use in
water transportation and distribution. In the framework of the water-
energy-food nexus, the reduction of pressure within networks by
means of a correct pressure management is an effective strategy to
contain the waste of energy and water. The control of pressure can
be obtained by the installation of pressure reducing valves within
the network. Unlike such valves, a micro hydropower plant allows
to control pressure, thus leakage, and also recovers energy. Further-
more, MHPs are perfectly viable in terms of reliability and costs.
A correct design will be possible starting from a deep analysis of
the network conditions, in terms of energy use, hydraulic state, and
network control. In many cases, a sustainable use of the recovered
energy is the insightful condition for the choice of the hydropower
plant configuration.
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List of Abbreviations

AA Atlantic Area

BAT Best Available Technology
DH Head drop

DMA District Metered Area

EPD Energy Production Device
ER Electrical Regulation

HER Hydraulic and Electrical Regulation
HR Hydraulic Regulation

Hp Pressure head of the pump
Ht Head loss within the PAT
kW Kilowatt

kWh Kilowatt-hour

MHP Micro hydropower

MP&P Mixed PAT-Pump turbocharger
PAT Pump as turbine

PRV Pressure Reducing Valve
P&P PAT-Pump turbocharger

Q Flow rate

Qp Flow rate through the pump
Qt Flow rate through the PAT
SSp Single Series Parallel

VOS Variable Operating Strategy
W Watt

WDN Water Distribution Network
WSN Water Supply Network

WTN Water Transmission Network




Reducing Energy Dependency
in Atlantic area Water Networks

REDAWN

Reducing Energy
Dependency in Atlantic area
Water Networks

Partners:

e Action Renewables

* Asociacion Feragua de Comunidades de Regantes de
Andalucia

+ EDA Renovaveis

* Empresa de Electricidade da Madeira
* Fundacion Asturiana de la Energia

* Hidropower Ltd

* Instituto Superior Técnico Lisboa

* Northern Ireland Water

* Nueces De Calonge

«  Parceria Portuguesa para a Agua

* Renova

* Syndicat Mixte de Production d’eau potable du Granvillais
et de I’ Avranchin

* Trinity College Dublin

* Universidad de Cordoba

* Universita degli Studi di Napoli Federico II

»  Water Efficiency Network (University of Bath)










