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Water distribution networks

Lagoon natural flows

Untapped hydropower potential in natural and artificial
water flows
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B
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Waste water treatment
channels

Untapped because of:

« Limited water energy

 Too high cost of traditional
technologies
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The state of the art.....not suitable for micro-power solutions

Examples of hidden hydropower innovative technologies
[IEA report, 2023. «IEA Hydropower Task 16 - Hidden and Untapped Hydropower Opportunities at Existing Infrastructure»]

o1 La Zour 02 The Momura (Japan) 03 The Duo-Two axial
Municipal water Irrigation channels turbine

Head =217 m Power=120 kW Head =80 m
Flow rate=3001/s Flow rate=101/s
Power= 465 kW Power=5 kW
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The H-HOPE

concept

ean Union’s Horizon Europe research and innovation programme under grant agreement n. 101084362




o The H-HOPE project: the concept

The idea of H-HOPE is to exploite a phenomenon known as «resonance condition».....

....to produce
energy!!

Collapse of the
Tahoma bridge

3d0H-H




o The H-HOPE project: the concept

The idea of H-HOPE was to develop an innovative technology capable of extracting energy from the vibrations
induced by fluid vortexes on a body immersed in the fluid

Vibrations are stronger in resonance
conditions

3dOH-H

VelocityMagnitude (m/s)
1.5e-02 0.5 1 1.2e+00

| | | |
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o The H-HOPE project: the concept

* Theresonance condition requires the synchronization between the water vortex shedding frequency
and the natural frequency of the immersed body....

e |tisimportant also to consider the influence
of the control system (e.qg. damping factor)

natural l
frequency

MULTI-PHYSICS PROBLEM

..... with different
constraints and
issues depending on

VelocityMagnitude (m/s) the app|ication
1.5e-02 0.5 1 1.2e+00

3dOH-H
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General process to 1D modelling

- Device geometry
- Material
« PTO design

. Device geometry « Device geometry

. Material * Material
* Fluid velocity © Electrical
v(t) F(t d(t Power
. C (t) (t) p.

Fluid Structural

mechanics mechanics
|
~ " /.

Structural simulations

CFD simulations ]
he ffluid (St,v,h) = fstruture (E, Ly, p, A)
Must match for
max output

D> >
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O The prototypes
OPEN STREAMS OPEN CHANNEL

1.OPTION 1.0PTION OREK L RE S LMD * Depending on the characteristics of
the application, different
configurations have been proposed

* Prototypes have been tested in
real operating conditions

-

g

2.0PTION

2.0PTION

3d0H-H
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The case studies

@ R Reykjavik
Energy

Piping

4 water distribution networks;
1hot water distribution network;
1waste-water treatment network;
2 open channels

1lagoon

Determine the water
flow characteristics

CETAQUA

WATER TECHNOLOGY CENTRE
Piping

Piping
Open stream

Open channel

"

Open channel

Il zs U

Piping
Open channel

3d0H-H
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(¢ Datacollection and energy production

Data and information were collected and analysed during the project to define and verify:

» The water velocity characteristics of the different applications
* The energy production potential (turbulent kinetic energy of the flow)
 The possible use of the harvested energy to digitalize the hydraulic networks

VELOCITA [m/s]

1 Influence of:
s 09 » Application
0,8 * Flow velocity and stability
0,7  Harvester size
0,6
0,5
0,4
0 Py g from mwW
02 to dozens of W
M 0,1
0
Water velocity in piping applications ‘ Is this
ol e G s G g s e s s s e e e i s e = G B s e Gl = = G Jdddcdddodiddonndnaidotodnnsad Fa¥aan

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

enough?
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YES!....networking with other EU projects

HPC supercomputer, large HPC cloud storage ngo
W 1 km? Si
ENIAC valve computer PV solar

Domestic heating system farm

HSPA mobile wifi substation

: Mobile %\0 e network bgse station
High performance workstation, small server

European Infrastructure

La{)top computer, thin client computer
Smartphone, Tablet, Laptop, MPU, low-energy bul

Powering the Internet of Things

MP3 player

o Blue tooth transceiver

Miniature FM radio

Small hydro scheme

1 m2 outdoor 50% efficient CPV
1 m2 outdoor Si PV

10 cm2 indoor PV

Vibrational energy harvestocr (50-100 Hz)

Hearing aid CO, detect
7 mm2 thermoelectric AT = 50°

RFID tag

Electronic watch,
Calculator
32kHz quartz,

oscillator

: 10 mm2 thermoelectric - body heat

standby Smart phone
W Indistrial WSN w
NG . Air pods
c,@\«:@‘?’\gﬂ\ Smart omeF 'Tt?{“tor 100mW
ol BLE device 4
o ¢ -
e :
Eu ropean Research Infrastructure ¢ Assettrggg;gbtaaﬁéadgeewce 10mW 1 dustrial socm?
on Sem]conductor Chlps Hearing aid, COz detector mw EM vibrational harvester
Low sense rate A’gceleror‘:\eter 100mm3 TEG array 50°C gradient
acemaker 100uW s
RFID tag 200mm?2 indoor solar panel o
Temp, light sensor 10pW kY Qo‘
100mm?3 TEG array 5°C gradient &) °
iuw 200mm? vibration harvester 0.1G o

32kHz oscillator standby

100nW

10nwW
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Continuous interaction
with stakeholders

Sensoring distribution networks
Monitoring remote locations

Replace battery sensors

CAPEX and OPEX
Endurance and reliability
Effects of hydraulic fluctuations

Effects of pollutants

11

Individual
meetings

12

Identified potential pilots
for piping and open
channel/stream

7

Data sets from piping
and open
channel/stream

5

Stakeholder
events
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H-HOPE for prosumers: Do-It-Yourself platform

« The Do-It-Yourself approach targeted small prosumers and science enthusiasts, promoting the development of
self-made prototypes to be used in domestic context. :

« Simple and low-cost manufacturing strategies
» Guidelines for designing and manufacturing their own device

- Add files via uploa 8abd475 - 6 months ago {5 13 Commits
H-HOPE Add fil pload o

B 3Dparts Add files via upload 6 months ago
I images Add files via upload 6 months ago
[ README.md Update README.md 6 months ago
1] README rd =

O HHOPE

H-HOPE DIY Energy Harvester

This guide is Part | of a three-part H-HOPE DIY build series. Part | shows how to build the mechanical H-HOPE DIY -
energy harvester (the 'harvester’) (the frame, oscillating cylinder, springs, transmission, flywheel and mechanical

coupling) as either a standalone demonstrator or as a complete mechanical module ready to connect to the H-HOPE

DIY generator. It contains everything a builder, student, or maker needs to go from parts to a working mechanical

harvester:

T
2c
o
0
m

Part Il - H-HOPE DIY Generator - Instructions for building the H-HOPE DIY generator that converts the harvester's

rotary/mechanical output into electrical power

Part Il - H-HOPE DIY Electronics - Power control electronics that convert the H-HOPE DIY generator’s AC output into
a USB-compatible DC supply for charging phones and small devices.

Table of Contents

« Introduction and principle of operation

o Bill of Materials & Price Estimate

Hidden Hydro Oscillating Power for Europe project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement n. 101084362 15




() HHOPE

Thank you

For updates, follow us on social media
or on the project website:

www.h-hope.eu

giovanna.cavazzini@unipd.it



http://www.h-hope.eu/
http://www.h-hope.eu/
http://www.h-hope.eu/

H-HOPL

Hidden Hydro Oscillating Power for Europe

Dr. Eduard DOUJAK
TU Wien

@ 19/10/2026
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o The case study classification

14.100 km

Piping at district
networks

361 L/s

Highest flow
rate reported

Piping application

4.000 km

Piping at
wastewater
networks

0,4-2m/s

Average
velocities

130°C

Highest
operating
temperature

3d0H-H




o Energy Potential in Water Supply Systems

rF

= Focus: energy generation to
operate sensors for monitoring
(range of W), digitalization of
WSN

= Technologies: In-pipe turbines,
vortex induced vibrations

wells = Focus: energy
6 generation and its sale

= Focus: energy generation and
its sale (range of kW), energy
generation to operate sensors
for monitoring (range of W),
self consumption

= Technologies: Francis turbine,
Kaplan turbine, Pump-as-
turbine (PAT)

medium-level reservoirs

&

. Ll

(range of KW/MW),
Q) self-consumption
» Technologies: Pelton
turbine, Francis turbine

high-level reservoirs

o

end consumers

L

¢

SECTION |

wells to high-level reservoirs

SECTION I

high-level fo medium-level reservoirs

SECTION 1l

medium-level reservoirs fo end consumers

Source: Morabito, A. & Hendrick, P.

aguayagricultura.iica.int/en/copy- (2019). Pump as turbine applied to

of-tecnologias-1-1/turbina-pelton micro energy storage and smart water
grids: A case study. Applied Energy,
241, 567-579

Source: DIWIEN Project,
Puschnigg ef. al. (2025).
Digitalization and hydropower
integration in water supply
systems:  Unlocking energy
potential, efficiency, and
resilience

3d0H-H




) HHOPE TESTRIG

Calming

Vessel Pre-Run-Section Test Section Discharge Section

"-x. PIV Camera Flow
N F 1| Compensator Control/Measurement

Ball Valve LDA Flow
Control/Measurement

Ring Piston Valve

3-sided acrylic glass
channel for optical

/ measurements

" Pressure Gauge *I* "
Ulirasonic Flow Meter *I* -
Transition from
Round to Rectangular Crosssection

Seeding Injection Discharge

5 Flow Straightener




() The TU Wien testrig

H-HOPE




The TU Wien test rig
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() Energy Harvester

< ly
BT t
Z = 5 = Energy Harvesting with
7 T Supporting Beam  Cantilever Plate piezoelectric patches

> convert mechanical

SN

strain into electrical
energy

Top View
S

Piezoelectric Patches

Hidden Hydro Oscillating Power for Europe project has received funding from the European Union‘s'Harizon Europe researchiand-innovation p



Energy Harvester
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() Energy Harvester

0.45 11
0.4t 0.95
0.35 - 109
,ﬂ:’ ’ﬁ ‘ﬁ'ﬂ <A g _ -—E?_D__. =0
03} A7 voBa e 0.85
- 4 é N ?5d' -
’ u—*"'ﬂ‘q{
8 025} R P AN 08 3
ot L =
oo 02 ReTcas . 0.75
ot o A A
0.15 | ’ , 0.7
ﬁ; \\
01r TR 0.65
r Y
0.05 p * An., 106
0 : ' ' : 0.55
2.5 3 3.5 4 4.5 5 5.5
Reduced Velocity UR

Original configuration:
Lock-in from Uy = 3.5~4.5

Hidden Hydro Oscillating Power for Europe project has received funding from the European Union‘s'Harizon Europe researchiand-innovation p

Dimensionless displacement:

D, Ymax
BR_] =(.1424 D
m]* =7.86

4 Displacement data
= = =Displacement fit

0  Frequency data
----- Frequency fit

Frequency ratio:

f
fvac

Reduced Velocity:
u

Up=——
. f‘UClCD




O Energy Harvester Configurations

More configurations:
- Diameter change
- Mass ratio variation

. Plate length/thickness
adaptation

rogramme under grant agreement n. 101084362



o Energy Harvester Configurations

0.45 1 Result:

D
1
L ] BR, = (.1424 M M
04 095 B, 0 + Increasing Diameter
1 ’ 0 ° 0
035 - 109 - - -Displacemeni - lock-in region at higher
Re N - =-===Frequency fit o @
03¢ SN e e ) velocities
2 oast R A o SO [ Y S BR. .- 02136 . .
LT e e Decreasing Mass ratio
o 021 a7 R P S B 10.75 & 15 o o o
I s ~ - Displacoment - Wider lock-in regions
015+ ° Jf__'._,-:%"‘."-:l-_-.' P S o 107 =-===Frequency fit .
R 1 . - Reduced relative
0.1 ) oo \ N 10.65 2 .
o | . BR, = 02848 displacement
0.0 ' o i ~ 0.6 m,* =281
0 . ”.I J . . . 0.55 = = =Displacement fit
5 R p 5 P g =-=-=Frequency fit
Re %107
f o o \ . u'Dpiping
Reynolds number of Piping: Re =
1%

Hidden Hydro Oscillating Power for Europe project has received funding from the European Union‘s'Harizon Europe researchiand-innovation p



Particle Image Velocitmetry (PIV) measurements

MPOQ7 instantaneous vorticity - cycle 1, phase 0.0 deg
frame index 5324, t=1.331000 s

2 .
1 .
L300
0 A |
L ] 10 <
Q >
= G
L —10 £
L 30 ~
_1 -
- —50
-70
-90
et =116
=136
T T T T T T _150
5 4 3 2 1 0
x/D

Hidden Hydro Oscillating Power for Europe project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement n. 101084362
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0 Energy Harvester Power output

in [mW]

max

P

1501

100 |

50

- -D]
- -D].S
- = -D

2

Hidden Hydro Oscillating Power for Europe project ha

s received funding from the European Union's'Harizon Europe researchiand-innovation p

Increasing diameter
- Increased power output
(at higher velocities)

Power output does not
scale linearly with
Diameter

Largest configuration
produces ~220mW AC
Power

Potential to power
multiple low-power
sensors and a LoRaWAN
node




o Conclusions

Hidden Hydro Oscillating Power for Europe project h

as received funding from the European Union‘s'Harizon Europe researchiand-innovation

Knowledge of flow velocity
required

Adaptation of geometric
and material properties to
shift lock-in range

Potential to power
multiple sensors and loT
devices

Digitalization of water
supply systems

Reduction of water
leakage

Water quality
improvement
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Thank you

www.h-hope.eu

eduard.doujak@tuwien.ac.at
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Staying in resonance across scales:

from laboratory open-stream tests
to full-scale open-channel
demonstration

BRNO
I UNIVERSITY
OF TECHNOLOGY UNIVERSITET

Pavel RUDOLF Urban LUNDIN

@ 19/10/2026




- BRNO
r UNIVERSITY
OF TECHNOLOGY

Applicatin areas fo vortex induced vibration harvestors

Power: P « p3

?I
W

Resonance:

f vortex = f harvestor

3 /@ 5
fharvestor ~ T \*-\___ \O Q

stiffness U
mass —

T frequency

>
stream velocity

3dOH-H




H-HOPE -

UNIVERSITY
OF TECHNOLOGY

BRNO

0
My
WA

A\ M\v .k
oA KN

1m.s~ 1

Open channel test circuit

Qmax = 0.250 m3.s71

vmax

6



BRNO
I UNIVERSITY
OF TECHNOLOGY

Open channel test circuit

3dOH-H




- BRNO
r UNIVERSITY
OF TECHNOLOGY

o LJorsion bar* harvestor — torsion stiffness

stiffness
adjustment

torsion bar

3dOH-H




BRNO
I UNIVERSITY
OF TECHNOLOGY

wElastic beams" harvestor — bending stiffness

4
2k il B
—Y—
- ) .
— M7
— , H s ﬁ;l Z
—_ \“*l\:'

3dOH-H




Optimization

Winglets — elimination of parasitic vortices

Passive turbulence control

3dOH-H




UNIVERSITY
OF TECHNOLOGY

. . RNO
Linear electrical generator B

|

-

\d

one-sided

A A AL
3dOH-H




- BRNO
r UNIVERSITY
OF TECHNOLOGY

o Harvestor with torsion bar and parallelogram
- forsion stiffness

Max power output ~ 1 W

D=75mm
L =400 mm

3dOH-H

© @ © © © 0 © v O




BRNO
o .I UNIVERSITY
Harvestor with elastic beams o
- bending elasticity

Max power output = 1,5 W

D=75mm
L =400 mm

3dOH-H

10



- BRNO
r UNIVERSITY
OF TECHNOLOGY

Power
Power/Efficiency for the best configurations of each concept
1,6 POrO||e|Oger Elastic beams 15
14 with torsion bars
f L > - 12
1,2 ®
- X
3z ! 9
o =
= 0,8 c
2 KT
S 06 6 2
w
0,4
3
0,2
0 0

3dOH-H

0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1 1,05 1,1
Flow velocity v [m/s]

—@— D50 _L580 RS0 P ~—@— D75_L1800_R40_P —— D75 _SP190_R30 P

-~ ® - D50 _L580 R50_Eff ~ ® - D75_L1800_R40_Eff — ® —D75_SP190_R30_Eff
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Staying in resonance AT )
across scales: from vy R S =S
laboratory open-
stream tests to full-
scale open-channel
demonstration

i |
v )

000
@ 01/10/2026 |

Urban Lundin, Uppsala University
4th Brussels Hydropower Day
8 Sept 2026



o Aim and ambition

» Upscaling with lessons learnt from the Brno device to open-
channel sizes

 Making a hybrid device, Piezoelectric patches and @
bespoke linear generator for Power Take Off

» Conftrol system to maximize power uptake and keep in
resonance




I
AUO T TR o
1RHnmnm

=

EIeéTricaI sé’rem
Conftrol & Measurements

B

AR

Actual device, in situ

e Vg

Linear
generator

Pipe;
Absorbator

3dOH-H




 When operation gets close to
the resonance, the motion is
stable, enabling automatic
funing of the load fowards
maximum power and lock-in
to resonance.

» Patches can be used both to
boot the control system and
AcCts as sensors - input about
the actual motion of the
device (amplitude and
frequency). Great sensors!

3dOH-H




O Experimental Outcome

20

40 60
Transformer (%)

80

100

 Power versus load
(effective resistance
via fransformer
change) shows a
peak and thus can be
reached with the
MPPT

3dOH-H




O Experimental Outcome

E:EI\ yﬂ/fWW\MW M W/}/\ﬁwi% - Induced voltage

e Current

3dOH-H

“~i e« Electric Power

~l1 « Force sent to the translator

| | | | | | | | |
33.5 34 34.5 39 35.5 36 36.5 37 37.5 6



Conclusions

* The device setup works as infended. Further upscaling possible
but needs more anchoring material.
* Influence from mooring & support structure negligible (open channel), but

being sufficiently submerged remote from surface is important for
symmetrical behaviour

» Tuning of the cylinder diameter to flow velocity is important for
mMaximum power absorption

* Challenge in places where the water speed changes a lot, the control
system (Maximum Power Point Tracking) helps but will not reach lock-in

. Possi%ili’ry to fune stiffness gives a larger operating range in terms of water
speeds

3dOH-H




Conclusions

» Possible to achieve continuous energy harvesting of energy
for remote electrification

« Completely submerged structures are possible

» Design requires understanding of mechanical and electrical
engineering

* One version of the MPPT implemented in DIY hardware
ESP32 cost < €10

* TO maximize power, special effort needed in the power
electronics (Power Factor Correcting, PFC, rectifier)
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Beyond the Flow:
Social, Economic and
Environmental Value
of Self-Powered
Digital Water

Networks

4th Brussels Hydropower Day
David Christian Finger

Energy security and digitalization
In Europe’s power system

8th of September 2026 in Bruxelles

000
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— The solutions:
> il Sensors powered with H HOPE
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Water supply in Verona

e ".mgﬁ*wr = Nl‘rro’re PoIIu’rlon -

ution network

over 6,100 km

\ e »’l/;"

5 : A N
— - pl /(‘1 n S 3 d
‘ - ‘?‘V\ﬂ‘ & o = \'
i e " Ul e N -

Appllcqh‘_ "“‘)%nhkmgwo’rer supply
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Water supply in Izmir, Turkiye

Mount Bozdag: 2,159 m asl Drought
Ml - Severe storms

Huge water distribution network . :
Nitrate Pollution

Verona: ~ 9,900 km .
Servmg 4.5 Mﬂllqp inhabitants:

PFAS "Forever |
roes Chemical®




Water supply in Ferlach, Austria

Water diS’rribU’rion neftwork Total
(Main + House):. 166 I<m



Water supply in Ferlach, Austria

s Huge water distribution network
Severe storms | Barcelona: ~ 4,300 km
R Serving 1.6 Million residents

Tibidabo: 512masl ~ Water Energy
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O Water Energy Food Nexus

food production 5“5‘“
processing and
transport need \o\‘

enerqgy o

fassil fuel extraction,

i, TR By accounting for
the Water Energy
Food Nexus we can

ENERGY

entry point: entry point:

i | Ay S .
governance and r *. | policy and ; O d d reSS S O C I O | ’
investment " o PEOPLE, . N\ investment
o LANDSCAPES . 1
i< AND ECOSYSTEMS - Economlc O nd
Py : Supp'y : water infrastructure Vlronmen-l-cl
supply needs * and assets . '1.“tl\“r .)"‘yf.'j-‘|\.r):;:;"”
Sy . : -.u;x‘il', ‘,lll‘(l Ijm.l Use
demand, supply
%, and assets
o%c o'
energy production 4'6‘-. ‘ﬂ‘ food production
(including sequestration) S i et eeds clean water,
n‘::d\; J::at‘:csr.gtrjldsz:n:::!s 03"‘“““ PROSPERITY N .;:d tmspa(!;ro\r,’n v:a'ler

on water quality and quality and availability

availability

entry point:
WATER
SECURITY,
management

and investment
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(> The perception of Stakeholders




Stakeholder Interviews, Workshops and Surveys

Type Location H-HOPE case Nr of Link
study participants
. Reykjavik, District heating in
Interview Ieeland Reykjavik 4 In person %EJ/
Acque
Interview Verona, Italy , 1 In person @ R Reykjavik
Veronesl Energy
. Piping ¥ Open channel
Interview . Cetaqua

Barcelona, Spain 3 In person / Hybrid

Barcelona

Piping
Interview Klagenfurt,

Austria ' Aste Energy 1 In person ',w
gV \

o a
‘ ' p—
Brussels, General, All case : % Pioin : e
Workshop Belgium studies 2 Hyb“d C)I?)er?streom ‘

EGU conference General. All case https://meetingorganizer.cop
Workshop in Vienna, stu,dies 15 ernicus.org/EGU25/session/5
Awustria 4620
General, All case
Worksho - i L
P H HOPE meeting studies 30 In person / Hybrid
i CETAQUA
DEMI conference . o1 Al case https://enpower- WATER TECHNOLOGY CENTRE Ei~ ap 5 Open channel .
Workshop  in Banja Luka, stu’d ies 40 bih.eu/panel-discussion- Piping % > B\ Piping
Bosnia and energy-harvesters-for- Open channel Open channel
Herzegovina energy-poverty-solutions/

https://forms.office.com/Pag
es/ResponsePage.aspx?1d=Y

Online ) General, All case CVZIP[:L’[]WEOABEC- O ] O f k 1
online , -20 AoEsNJmiral x9X9HmwSh ver 150 Experts from key H-HOPE demonstration

survey studies — ; . L. . . .
e sites participated in workshops and interviews

Cau (Stepanovic et al. 2025




\ Causality for Stakeholders
STRATEGIC CAUSALITY

e NEED \/ RESPONSE A\
PROBLEM  PROBLEM SOLUTION SOLUTION
EFFECT CAUSE CAUSE EFFECT

WHYEY  SYSTEMS & PROCESSES

STRATEGIC
INITIATIVE
OBJECTIVES.

INDICATORS. INPUTS.
ACTIVITIES. RISKS. TIMING

-—-

SITUATION ROOT FOCUS ROOT THEORY OF CHANGE RESULTS / BENEFITS
CAUSE PURPOSE

EVALUATION PURPOSES




C Causality of the implementation of H-HOPE technology

Public Support for Sustainability [Operationai Costs |

EU Policy goal - Digitalization ~ + +

R [ Maimimriance Naws |

Functionaiity During 1 Increased Resilience +
Disasters + Increased Resllience +J-
of the Systems +
+ ' Long-Term Operational [ et Ret G vestinee. |
Savings
2 .
Improved Water Quality
+ +
t Remote sensors
+ Cost Barrier
“
Remote Monitoring Capability
Lesk Detaction’| + Monitoring Benefits %
+ Higher Justification
for F pr Instal "
+ Reduced Repair Costs EEurihes nsieleton
Sustainability Awareness
+
R - @ [ W P Vb |
4
Environmental Benefits - Backup Pawer Requirements
Legend Energy Harvesting Adoption

o Environmental impact
Adds to / same direction

Subtracts from / opposite direction

Enabler Battery Use +
@® Barrier

Stepanovic et al. 2025
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a)] Stainless Steel, 20 Years

0 Environmental Impacts

Energy Samp 1.4
Ener
Case CF. CF, : AL PR 1

1.2
mwh] WA Rate
10 04
Barcelona 52% 49% 41.3 46.2 min 0.99
Rangar- 60 0.02 - -

22%  £3% 2538 257.6

=

=
= =

kg CO2, eq f EWh

=
-

=
d

—

vellir min & Time-Optimized Energy-Optimized
Barcelona Rangarvellir ®Veroma ®[Ljubliana ®Venice
. _ 0.8B5 b] Polyethylene, 12 Years
Verona 70% [5Pe 647  B61 lmin >

.

Ljubljana 88% 8% 2113 5364 24hrs N/A

my
-

e
bl

Venice 29% 2% 35533.6 4733.9 SQ L.rd i:: 1
min 2 5 08
8 Impact factors were assessed:. i) lonizing radiation, ii) Marine o
Ecotoxicity, iii) freshwater ecotoxicity, iv) carcinogenic toxicity, v) o
human toxicity, vi) land use, vii) fossil depletion, viii) energy o -
demand (Bronkema et al. 2024) ’ " E——

Barcelona Rangarvellir ®Verona ®Ljubljana = Venice




Assessment Framework

O HHOPE Qverview of Feasibility Assessment Result @'U

B O Power Output
A _— Technical Piping:1,2-133 W

Open Stream: 0,059 -4,8 W

: LCOE
Economic Piping: 8.9 - 1036 €/kWh
Open Stream: 6.3 - 6.5 €/kWh

Qe GWP
r ~—=7 |Environment Piping: 0,044 - 1,17 kgCO2eq /KWh

Open Stream: 0.071 - 0.221 kgCO2eq/kWh

Positive Social

Socie
= Perspective

Number of Sensors

System Resilience Monitoring Piping: 4 -90 d
(Potential) Open Stream: 3- 10 v




Input to the Framework

Procced to Visualization of

Return to Cover

Result
T ai ( ey
Return to Introduction Rest Inpurt Cells Procced to Overvew of
Calculation
Select Case Type Case Type:
Select Location i
Felect Case Study I.' Procced to Result

Material Flow

Parameter Yalue Unit
Cylinder_Fillling - holl 0.35[ % 4 of Cyl Centre

Mataris_Dancity L Ere kg

Economic Analysis - Cost Factors

Parameter Yalue Unit
CAPEX
Operational Licences Costs [Eure]

CAPEX - Work Requiremest

Disign and Manufacturing [Phaze 1] T
ConstructionInstallation [Phaze 11 A Weeks

OPEX

Fuel Costs - OJIEwe]
Adminiztration Costs 0| [Ewel
Varlible Cozt -]

OPEX - Work Requirement

0 (Phae ] —

Operational Costs Savings

Eattery Replecemant Goct Redudtion {Eurel

Opertional Characteristic - Customized Scenerio Analysis

Parameter ¥alue Unit
Diewice_Lifetime 15| [Vears]
Ingtalled_Device 7| [Mumber of Dievices]

Risk Assessment

Farameter Impact
Dievice'z Structural Dezign Fery High
Diavices Inztallation High
Ilaterial Corrosion “Very High “Very High
Dievice's Manufacturing Ruality e lium e lium
Fouling [dizzolved in the water) o o
Sediments e dium o
Welocity - High edlium o
Walocity - Low o o
FParameter Co-benefit

FUpport for remote communit =

Improved infraztructure monitoring and maintenance

Enhanced resilince =

Cost-cffective services For communities o

Contribution to chvironmental suztainability - o

Promates technological innavation B

Prevention of water loss and environmental impact o

Enviranmental menitaring for public safety o

Divarza 3ppl : 5

Lang-term resilience and socurity =

Economic impact on familics o

Bictter collaboration with icipalitiez and stakehald w2

Educational epportunitics B

Improving water network resilience o

Parameter Enabler Challenges
Encrgy Savings TWledium,
Fieduce Operational Costs edium ey Lo
System Resilience Mledium Mledium
Reduce System Failures “Very High ey Lo
Enhanced System Meinitoring Capabilitics High “Very High




Results of the Framework

Technical

Mechanical Fower Energy Froduction Per Device [1y]
_— p
o
-
s Energy Production - In
s Comparison with other FIV and Small RETs
o - = . . —
Totel Electicity Froduction of Lietime [20y) s . Total Electricy Froduction of Lietime [X Devices) Total Energy Production X Devices | [17]
— ['EY 1 - o
- - Tl
- st
» ) Enviranmental Impact - n ‘Cost Savings obtaned from mitigabion of water events,
Wiater Characteristics E tal Impact
W O 'I' e r e comparison with other FIV | 11U} Water Disruption & [Lj Witer Contamitatian]
i ————— ) g betwaen Carbon Faaty M prouced 1 T ——— Wata1 Disreptian Evoat Costs [MAK)
' . o “ L
s # s ae
0 s - s 4 i
- o g e PRSP —— - ame
OPEX and CAPEX Comparisan
. Detizled OPEX 2nd CAPEX Comparison OPEX and CAPEX Comparison : - -
E conomic I3 Dference hetueen 12y and 207] N —
ChartTese CAPEX Tatal e — Witer Caraminakan Casta MY Watar Cantarnsatioa Costs (HAX}
Lo e - -
to0% % w .
s -
arn e ;e
o - )
o o % 9% i | I
. -
an o -
-
12 Years 20Yean A e “
mFulCosts e ne rr - -
51 s . w_ .
C ost { D | Cosis [Mate sl Costsh e Gmieeg =M omdeg = g
P — rexTaa [ T— [ —

Risk Assessment Risk Assessment- .

o [I2) Experts Score & [b) User Scare] Comparison between Experts and Users S I |
" Dwwicas Sactural L v -

a [

i J——
1 ama, s
g Webacity - High .
En s oA :




Pan-European potential

Methodologies in Selected Publications

Feature Quarantaetal. Mitrovicetal  Yoakatet  Bousquet  Hamlchdax
al. et al. et al.
irical/
T Theoretical’ Empirical’ Review/ Empirical/ E{mi’j‘fl S
Ype .- - - odal-base
GIS-based Statistical Emparical GIS-based (EPANET)
Entire EU . Qwitzerland Tehran Iran
C . 6 EU tri Bangladesh -
overage (screening-level) cotiries an (national) (local WDN)
SSHP Pelton,
DROR, HTs, PAT: in LSHP Kaplan, Cross-flow,
Technologies  water wheels, WDNe WWTPs Bd PATs, PATs,
PATs purip Archimedes Pelton
hydro SCIEWS
_ Site-level Site-spectfic_ WWTP-  ppy/ feve]
Resolution 100m scale . (232 rivers  level (900+ .
(8828 sites) & 19 sites)  sites) (15 stations)

Comparison of methodology:
Quaranta et al. vs. (b) Mitrovic et al.

----------------------------------------------------------------

4 )

' Input Data '

) ’
Micadsssesssenisssusonsswassesad® L Mavdesvensesnsegdesruseneanes®
,eTTmeemessssssssesssssssssssees, | eeeesssssccssccssscsccssesesea,

4 " )

' Identity Sites '

s ’
e
o mTNNeNAcEcNRTEScNNcNRENRReSSNY, L ececcscencsscses, ,eccccschbosscss, ,eccccscemncscsse

’

. Apply Criteria H

’
st ee Rt e a e Eas® T Revevesaeesviset. Nasssesiveceena? ‘Sesenrcaimeasce

................................

: - \: : Dens E ..............................

° ’ ) .

..............................

..............................

R e D Pl e e DY S  ,esessssssssccscecssccsscscsssa

H Calculate Site Power ' i ?
QL RN RN P 3 S S [ o e R "

...............................

o b et S

4 Assess Technichal and Economical Potential |

’
~
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Thank you!

Enjo
Sezsraly joy

to the fullest
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