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PROJECT DURATION
36 months - from 1/10/2023 to 30/09/2026

GA NUMBER
101122311
HORIZON-CL5-2022-D3-03-08

BUDGET
~ 4.5 Mú (4. 498. 761.00) ú

GRANT TYPE
Lump sum

PARTNERS
13 partners

WORK PACKAGES
7 WPs (5 Technical & 2 horizontal)

20 Deliverables

GENERAL PROJECT INFORMATION
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MAIN OBJECTIVES
1. Develop practical solutions, for HP plants and clusters across the EU, regardless of their digitization level

2. Combine innovative sensor technologies and digital adaption for energy production

3. Create Digital Twins and a decision-making tool for HPPs by combining :

Å Historical data

Å Sensory data

Å AI based weather and/ water flow, environmental, biodiversity modelling and forecasting

Å socioeconomic parameters

4. Optimize O&M practices based on cutting-edge information technologies 

5. Assist HP companies to strategize and manage production, based on foreseen needs and their intended commercial strategy

MAIN THEME
Digitisation of O&M for hydropower plants & clusters
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MAIN AIMS AND OBJECTIVES
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Expected results 1/2

4

Innovative sensors for 
HP machinery operation

ǒ Novel structural health 

and condition 

monitoring sensor-unit

ǒ Biofouling ultrasonic 

probes

ǒ TRL 6

HP Structural Health 
Monitoring and 

prediction

ǒ Create and execute 

novel predictive 

algorithms for HP O&M 

based on historical and 

currently obtained HP 

datasets

ǒ TRL 5

Mounting sensor units 
on underwater drone for 

HPP inspection

ǒ Usage of unmanned 

and remote vehicles

ǒ M/L for defect 

identification

ǒ TRL 5

Monitoring and predictive 
models for biodiversity 

and environmental 
effects of HP O&M

ǒ Novel sensors for 

water quality /enviro 

monitoring

ǒ Database with digitised 

historical 

environmental data

ǒ Early warning system 

for water quality

ǒ TRL 6
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Expected results 2/2
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Forecasting models for 
weather and water flow 

of HPPs

ǒ Combining weather 
and water flow 
predictive AI-based 
algorithms

ǒ Use of water flow and 
level sensor

ǒ TRL 6

DT of HPPs and cluster 
connectivity

ǒ Di-Hydro DT tool and 
pilots 

ǒ TRL 6

AI based Decision 
Support platform for 
HPPs and clusters

ǒ Di-Hydro Decision 
Making Platform for 
holistic optimized 
decision-making and 
visualization of HP 
plants and clusters

ǒ TRL 6

Advanced encryption 
algorithms for HP data 

collection, exchange and 
storage

ǒ Data protocols for 
secure, reliable, and as 
open as needed HP 
data transfer, storage 
and access

ǒ TRL 5
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Development of a modular sensor node that will consist of: 

ƺ Acoustic Emission (AE) PZT sensors and a data acquisition system 

for detecting flaws, cracking and damage evolution before it 

becomes critical.

ƺ Accelerometers for the detection of micro vibrations resulting from 

cracking, flaw formation and ongoing damages in mechanical 

equipment and structural parts.

ƺ Magnetometers in order to detect disruption in the magnetic flux of 

electric motors resulting from worn components.

ƺ Integrated temperature sensor and humidity sensor to monitor the 

conditions of the operation environment.

ƺ crack growth sensor to detect  crack growth on structural parts.

ƺ Dedicated software to record and transmit data to remote storage.

Development of sensor node for SHM/CM
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Data acquisition and wireless 

data transition AE system

AE sensor

Integrated sensor module Crack growth module
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Ultrasonic Anti -biofouling unit
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ǒ To prevent the formation of biofouling on heat exchangers and piping 

an antifouling system will be used.

ǒ The antifouling system creates micro-cavitation that  disrupts algae 

formation on surfaces.

ϊThe system is portable and easy to install.

ϊThe anti-fouling system uses multiple Ultrasonic Probes to cover large

areas without power loss of the generated US waves

ϊThe anti-fouling does not cause damage on surfaces and components

ϊUltrasonic antifouling will be carried out on HP heat exchangers and

pipping.

ϊAntifouling laboratory trials will be carried out on metal plates immersed

in water tank

Ultrasonic anti-fouling system
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Underwater drone inspections
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ǒ Visual inspections of water reservoir foundations 

and hydro pipelines for crack detection and 

biofouling, using advanced and highly 

manoeuvrable unmanned underwater vehicle

ǒML techniques to deliver inspection and 

predictiveness will follow to subsequent processing 

WP tasks, over unmanned underwater recordings

ǒ Data will feed into DT 



This project has received funding by the European Unionôs Horizon Europe research and 

innovation programme under Grant Agreement N° 101122311

Predictive analytics - enable maximum performance of the HP O&M.
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Predictive maintenance algorithms

Å Data (i.e., sensorial, historical, live, metadata) will be analyzed by novel ML/AI models to 

identify and predict various trends in the HP 

Å Proactive HP structure, HP components and machinery health will be achieved through:

Å Failure detection (i.e., based on normal behavioral patterns)

Å Failure identification (i.e., based on previous patterns)

Å Failure prediction (i.e., forecast future behavior and detect possible upcoming failures).

ÅModels will have greater accuracy and will be build based on:

Å Advanced unsupervised, semi- and supervised techniques

Å Fusion mechanisms for combining multiple models is also possible

Å Final Goal : Support the maintenance and operational managers in their everyday task!

Ilarionas Kozanis

Western Macedonia, Greece
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A Digital Twin (DT) of physical hydropower plant (PPCs- Ilarionas HPP) will be developed. It will include all major HPP systems (Signal 

and controls, Hydraulics, Pneumatics, Mechanics, Electrics, Thermal etc.).

Digital Twin
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DT provides

Å Performance monitoring

Å Predictive operation 

Å Preventive maintenance

Å Optimizing energy production

Å Resource management

Å Running scenario simulations

Å Reduced downtime

Å Improved life expectancy

Physical HPP input into DT

Å Plant layout

Å Geospatial Information

Å Inventory list

Å Sensor data

Å Control system data

Å Historical data

Å Real-time data
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ǒCERTHôsin-house INTEMA electrical grid simulator will be utilised to study

the HPP cluster operation and assess its operation and interactions with the

grid

ǒ INTEMA.grid offers dynamic simulation and optimisation services for the grid,

including a large model library of electrical components

ǒ The study of transient phenomena, associated with each plantôsoperation, is

supported through sophisticated models for turbine governors and excitation

systems, transformers and lines.

ǒ For the purposes of Di-Hydro, customised HPP models will be developed

leveraging the advantages of sophisticated open-source Modelica libraries to

represent all necessary subsystems and meet theprojectôsspecial needs

ǒ A numerically reduced-order model of the 3 HPPs will be created, with

necessary assumptions regarding power line losses to facilitate the study of

the plants as a cluster

ǒ Focus will be on the electrical performance of the plants, including power

contribution and services to the grid

ǒ Scenarios will be defined and examined to assess grid performance in terms

of stability and flexibility

PPC HPP cluster modelling
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Figure:

IEEE 14 bus system

representation in

INTEMA graphical user

interface

Figure: Di-Hydro HPP

models will boost

INTEMA.grid model

library 
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Installation of sensors 

for measurement of: 

ǒ Turbidity

ǒ Ammonia

ǒ Electroconductivity

ǒ Dissolved oxygen

ǒ Algae concentration

Ammonia 

detection Algae concentration

Turbidity

Electroconductivity

E.Coli detection

Biodiversity monitoring
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Digital Holographic Microscopy (DHM) for biodiversity monitoring

AmplitudePhase

FFT

FFT-1

Å DHMis a coherentimagingsystemwhichhasprovedto bea convenientmethodin phasecontrast

imagingforbiologicalandbiomedicalsamples.

Å Performsaninstantaneousacquisitionofbothamplitudeandphaseinformationofthesample.

Å Usedto determinerefractiveindexvariationsaswellas thethicknessof thespecimen(requiresno

pre-treatmentormanipulationofthesample).

Å Detectingverysmallphasechangesallowstoreveal(3D)characteristicsofcells.

Å It canrecordahologramcontaining3Dstructuresofanobjectwithoutmechanicalfocusadjustment.

Image processing for automated key microorganism species 
recognition
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Fluorescence sensors adapted for detecting two key emission peaks (350

and 460 nm) which correspond to Tryptophan like and Humic like

fluorescence. Indicators of pathogenic and organic matter

concentration .
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TLF & HLF sensor
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Å Portable suitcase configuration already used in previous projects.

Å DHM, TLF and HLF sensors integrated.

Å Turbidity sensor included.

Å Handled to EPS personnel (training included) to periodically perform 

measurements at different spots in the dam.

Sensor platform design

15
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Installation of the water flow sensor

ǒ Non-invasive sensor (installed above the 

water)

ǒ Infrared (IR) remote sensing combined 

with a camera

ǒWater level measurement

ǒWater surface velocity estimation from 

level measurement

ǒ Temperature estimation from IR thermal 

sensor

ǒ Rain rate estimation from GNSS

WATER FLOW

OBSERVATIONS

Measurement

LevelWater

Variable

Water Flow

LEVEL-FLOW CURVE

vorteX -io Micro -Station ɛVTX-2.1 
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Digital Twin of the catchment

Short -term forecasts (+5 days)

Long -term forecasts (+6 months)

Digitize all the components of the water cycle of 

the catchment

Provide accurate forecasts of water inflow in 

points of interest

WATER FLOW

FORECASTS

17
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Application of Di -Hydro DT and integration in HP digital cluster. 

Calibration of Di - Hydro Decision Making Platform for HPPs and 

cluster

19

Use Case 1 ïPPC- Greece

LOCATIONS: 

Pournari Artas

Epirus, Greece

Ilarionas Kozanis

Western Macedonia, Greece

Thisauros Dramas

Central Macedonia, Greece

Ilarionas HPP

Capacity: 155 MW

Turbines: 2x Francis

Storage HPP

Thisavros HPP

Capacity: 375 MW

Turbines: 3x Francis

Pumped storage type 

HPP

Pournari I HPP

Capacity: 300 MW

Turbines: 3x Francis

Storage HPP
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Application of Di -Hydro DT and integration in HP digital cluster. 

Calibration of Di - Hydro Decision Making Platform for HPPs and 

cluster
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Use Case 1 ïPPC- Greece

Å Structural Health Monitoring- Condition Monitoring of machinery: 

Creation and installation of sensors nodes 

Å Predictive algorithms for HP O&M 

ÅCreation of plant replica and display of real time data from sensors 

and existing digitised equipment and telemetry

Å Biofouling prevention using ultrasonic probes

ÅUnmanned underwater drone inspection and M/L for automatic 

detection.

ÅCreation of HPP communication cluster

LOCATIONS: 

Pournari Artas

Epirus, Greece

Ilarionas Kozanis

Western Macedonia, Greece

Thisauros Dramas

Central Macedonia, Greece
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Inflow forecasts at flexible lead -times according to meteorological 

evolution in the upstream catchment.
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Use Case 2 ïA2A- Italy

Å Collection of historical data

Å Installation of flow meter sensors

Å Weather and water flow predictive AI-based modelling and 

forecasting

LOCATIONS: 

Novarza Dam

Udine, Italy

Sauris Lake

Udine, Italy

Verzegnis Lake

Udine, Italy

Ampezzo and Somplago HPPs

Capacity: 235 MW

Turbines: 3x Pelton 

(Ampezzo ), 3x Francis 

(Somplago )

Storage HPPs
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Development and implementation of a digital sensor -based real -time 

water quality monitoring system (with early warning)
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Use Case 3 ïEPS-Serbia

Å Collection of historical data

Å Development of sensors for biodiversity and environmental 

monitoring

LOCATIONS: 

MeĽuvrġje HP plant

Serbia

MeĽuvrġje HP HPP

Capacity: ~10 MW

Turbines: 2x Francis, 1 

Kaplan

Run of river
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Decision -Making Platform workflow
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Application Server

Operational 

DB

Windows 

Service

Polling DB

MatLab 
Engine

Web Application

End Users

Optimizator 

integration 

software

Model of the 

system

Full cloud microservice on AWS

Price

Forward

Curve

Environmenta

l /Biodiversity/ 

water quality

Water Inflows

Maintenance 

Water Level

Optimization

Data

Visualization

Digital 

Twin 

Outputs
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GUI ïProof Of Concept
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ǒ Segregation of data according 

to the belonging cascade 

system

ǒ Optimization input data coming 

from the DT layer

ǒ Scenario-based optimizations to 

address the pilotsô need:

ƺ Assess the best 

maintenance program

ƺ Make more robust decisions 

exploiting different scenarios 

of inflows forecasts

ǒVisualization of results according 

to the pilots' required KPIs and 

optimization objectives
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Ṋ Scalable

Ṋ Built in PowerBI

ṊData Server Interrogation

ṊForecast Visualization

ṊDigital Twin

ṊDatabase Compatible 

(Azure, SQL, .csv file)

ṊFlashing Warnings

ṊBig Size Screens

ṊData Auto Refresh

OPERATOR VISUALIZATION TOOL EXAMPLES 
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PPC

ATLANTIS

CERTH

ACCELI
MAS

DBL

CERTH

STRUCTURE OF THE PROJECT



CONSORTIUM

8 Countries:

Greece (GR)

France (FR)

Italy (IT)

Cyprus (CY) 

Serbia (RS) 

Romania (RO) 

Spain (ES)


