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The H-HOPE project

14 partners

Hidden Hydro Oscillating Power for Europe

Coordinator

Duration: 11/2022-10/2026

Budget: 4.8M€
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Untapped hydropower potential in natural and artificial 
water flows

Water distribution networks

Irrigation channels

Waste water treatment 
channels

Lagoon natural flows

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

The Duo-Two axial 
turbine

Head = 80 m
Flow rate= 10 l/s
Power= 5 kW

Power= 120 kW

The Momura  (Japan)
Irrigation channels

La Zour
Municipal water

Head = 217 m
Flow rate= 300 l/s
Power= 465 kW

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

concept
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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
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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
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• The resonance condition requires the synchronization between the water vortex shedding frequency 
and the natural frequency of the immersed body....

vortex shedding 
frequency 

natural 
frequency 

The H-HOPE project: the concept

• It is important also to consider the influence 
of the control system (e.g. damping factor)

MULTI-PHYSICS PROBLEM

…..with different 
constraints and 
issues depending on 
the application
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𝑣(𝑡) 𝐹(𝑡)

• Device geometry
• Material

Electrical
Power

• Device geometry
• Material
• PTO design

𝑑(𝑡)

General process to 1D modelling

Fluid 
mechanics

Structural 
mechanics

Piezoelectric/
generator & 
electronics

𝑓𝑓𝑙𝑢𝑖𝑑 𝑆𝑡, 𝑣, ℎ = 𝑓𝑠𝑡𝑟𝑢𝑡𝑢𝑟𝑒(𝐸, 𝐼𝑥 , 𝜌, 𝐴)
CFD simulations Structural simulations

Must match for 
max output

• Fluid velocity

• Device geometry
• Material
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The prototypes

• Depending on the characteristics of 
the application, different 
configurations have been proposed

• Prototypes have been tested in 
real operating conditions
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Piping

Piping

Open stream

Piping

Piping

Open channel

Open channel

Piping

Open channelPiping

Open channel

The case studies

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

Determine the water 
flow characteristics
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Data collection 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

Water velocity in piping applications

𝑃ℎ𝑎𝑟𝑣 from mW 

to dozens of W 

Influence of:
• Application
• Flow velocity and stability
• Harvester size

Is this 

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



14

H
-H

O
PE

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

11

12

7

Continuous interaction 
with stakeholders

5
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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
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Thank you

www.h-hope.eu

giovanna.cavazzini@unipd.it

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

http://www.h-hope.eu/
http://www.h-hope.eu/
http://www.h-hope.eu/
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Hidden Hydro Oscillating Power for Europe

Dr. Eduard DOUJAK
TU Wien
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The H-HOPE project

14 partners

Hidden Hydro Oscillating Power for Europe

Coordinator

Duration: 11/2022-10/2026

Budget: 4.8M€
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4.000 km

Piping at 
wastewater 

networks

0,4 – 2 m/s

Average 
velocities

130°C

Highest 
operating 

temperature

14.100 km

Piping at district 
networks

DN2500

Highest pipe 
diameter

Piping application
H-HOPE

361 L/s

Highest flow 
rate reported

The case study classification
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Energy Potential in Water Supply Systems

Source:
aguayagricultura.iica.int/en/copy-
of-tecnologias-1-1/turbina-pelton

Source: Morabito, A. & Hendrick, P.
(2019). Pump as turbine applied to
micro energy storage and smart water
grids: A case study. Applied Energy,
241, 567–579

• Very low head

• Very low flow 

velocities

• High head

• High flow 

velocties

• Medium head

• Medium flow 

velocties

Source: DIWIEN Project,

Puschnigg et. al. (2025).

Digitalization and hydropower

integration in water supply

systems: Unlocking energy

potential, efficiency, and

resilience
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TEST RIG

LDA Flow 

Control/Measurement

PIV Camera Flow 

Control/Measurement
Ring Piston Valve

Discharge

Compensator

Flow Straightener

Seeding Injection

Pre-Run-Section Test Section Discharge Section
Calming

Vessel

Pressure Gauge *l*

Ultrasonic Flow Meter *l*

*ll* *ll*

Ball Valve

3-sided acrylic glass 

channel for optical 

measurements

Transition from

Round to Rectangular Crosssection
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The TU Wien test rig
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The TU Wien test rig
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• Energy Harvesting with
piezoelectric patches
→ convert mechanical
strain into electrical
energy

Energy Harvester
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Energy Harvester
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Dimensionless displacement:
𝒚𝒎𝒂𝒙

𝑫

Frequency ratio:
𝒇

𝒇𝒗𝒂𝒄

Reduced Velocity: 
𝑼𝑹 =

𝒖

𝒇𝒗𝒂𝒄𝑫

Energy Harvester

Original configuration:

Lock-in from 𝑼𝑹 = 𝟑. 𝟓~𝟒. 𝟓
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More configurations:
• Diameter change
• Mass ratio variation
• Plate length/thickness

adaptation

Energy Harvester Configurations
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Result:
• Increasing Diameter 

→ lock-in region at higher
velocities

• Decreasing Mass ratio
→Wider lock-in regions
→ Reduced relative 
displacement

Energy Harvester Configurations

Reynolds number of Piping: 𝑅𝑒 =
𝑢∙𝐷𝑝𝑖𝑝𝑖𝑛𝑔

𝜈
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Particle Image Velocitmetry (PIV) measurements
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• 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

Energy Harvester Power output
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• Knowledge of flow velocity
required

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

• Potential to power 
multiple sensors and IoT
devices

• Digitalization of water 
supply systems

• Reduction of water 
leakage

• Water quality 
improvement

Conclusions
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www.h-hope.eu

eduard.doujak@tuwien.ac.at

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


1

H-HO
PE

19/10/2026

Staying in resonance across scales:

Pavel RUDOLF Urban LUNDIN

from laboratory open-stream tests 

to full-scale open-channel 

demonstration



2

H-HO
PE

Applicatin areas fo vortex induced vibration harvestors

𝑃 ∝ 𝑣3

Resonance:

𝑓𝑣𝑜𝑟𝑡𝑒𝑥 ≅ 𝑓ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑜𝑟

Power:

𝑓ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑜𝑟 ≈
stiffness

mass
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Open channel test circuit

𝑣𝑚𝑎𝑥 = 1𝑚. 𝑠−1

𝑄𝑚𝑎𝑥 = 0.250 𝑚3. 𝑠−1
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Open channel test circuit



5

H-HO
PE

„Torsion bar“ harvestor – torsion stiffness

torsion bar
stiffness

adjustment
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„Elastic beams“ harvestor – bending stiffness
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Optimization

Winglets – elimination of parasitic vortices Passive turbulence control
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Linear electrical generator

two-sided

2 rows of magnets

coil

one-sided

coil

row of magnets
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Max power output  1 W

D = 75 mm

L = 400 mm

Harvestor with torsion bar and parallelogram

- torsion stiffness
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Harvestor with elastic beams

- bending elasticity

Max power output  1,5 W

D = 75 mm

L = 400 mm
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Power

Elastic beamsParallelogram

with torsion bars
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Staying in resonance 
across scales: from 

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

demonstration
Urban Lundin, Uppsala University
4th Brussels Hydropower Day
8 Sept 2026
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Aim and ambition

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

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

• Control system to maximize power uptake and keep in 
resonance
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Actual device, in situ

Patches

Pipe;

Absorbator

Linear 
generator

Electrical system 

Control & Measurements
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• When operation gets close to 
the resonance, the motion is 
stable, enabling automatic 
tuning of the load towards 
maximum power and lock-in 
to resonance.

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

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

• Induced voltage

• Current

• Electric Power

• Force sent to the translator
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Conclusions

• The device setup works as intended. 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 
maximum 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 
• Possibility to tune stiffness gives a larger operating range in terms of water 

speeds
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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
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Geothermal Energy in Iceland

Earthquakes
Eruptions

Avalanches
Land slides

Severe storms

The solutions:

Sensors powered with H-HOPE

h = 803

C(el) = 303 MW

C(th) = 200 MW
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Water Monitoring in the Venetian Lagoon, Italy

Eutrophication
Acqua Alta

Salinity 
Chemical Pollution

marine heatwaves

The solutions:

Sensors powered with H-HOPE

Sediment  

V=2 m/s

Width: 400 meters

Depth: 12 meters
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Water supply in Verona

PFAS "Forever 

Chemical"

Nitrate Pollution

Drought

Infrastructure

Severe storms

The solutions:

Sensors powered with H-HOPE

Type: Piping

Application: drinking water supply

Population served: 644,000

Climate: Mediteranen

Huge water distribution network 

Verona: ~ 1,145 km

Province of Verona: over 6,100 km
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Water supply in Izmir, Türkiye

PFAS "Forever 

Chemical"

Nitrate Pollution

Drought

Infrastructure

Severe storms
Huge water distribution network 

Verona: ~ 9,900 km

Serving 4.5 Million inhabitants

Mount Bozdağ: 2,159 m asl
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Water supply in Ferlach, Austria

Landslides

Nitrate Pollution

Drought

Infrastructure

Severe storms

Water distribution network Total 

(Main + House): 166 km

Ferlacher Horn: 1,840 m asl

Leaks
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Water supply in Ferlach, Austria

Water Energy 

Nexus

Pollution

Drought

Infrastructure

Severe storms

Leaks

Huge water distribution network 

Barcelona: ~ 4,300 km

Serving 1.6 Million residents

Tibidabo: 512 m asl
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Water Energy Food Nexus

By accounting for 

the Water Energy 

Food Nexus we can 

address Social, 

Economic and 

Environmental 

Value

Bronkema et al. 

(2025)
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The perception of Stakeholders
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Stakeholder Interviews, Workshops and Surveys

Over 150 Experts from key H-HOPE demonstration 

sites participated in workshops and interviews 

(Stepanovic et al. 2025
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Causality for Stakeholders
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Causality of the implementation of H-HOPE technology

Stepanovic et al. 2025
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Environmental Impacts

8 Impact factors were assessed: i) Ionizing radiation, ii) Marine 

Ecotoxicity, iii) freshwater ecotoxicity, iv) carcinogenic toxicity, v) 

human toxicity, vi) land use, vii) fossil depletion, viii) energy 

demand (Bronkema et al. 2026)
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Assessment Framework
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Input to the Framework
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Results of the Framework

Social

Risk

Economic

Risk

Ecologic

Technical

Water
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Pan-European potential

Comparison of methodology: 

Quaranta et al. vs. (b) Mitrovic et al.
Methodologies in Selected Publications
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Thank you!
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