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

BUDGET
~4.5M€

PARTNERS
13 partners

GENERAL PROJECT INFORMATION |
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o Project Objectives

Objective 1
WPI1 - WP2

Objective 5
WP5

Develop innovative sensors
and data technologies for
hydropower plants.

./ ’ Assess the socio-economic
(((.))) ) /\=/\§/ and environmental impact of

‘ hydropower sector digital
o

. \ transition.
‘\
Digitise operation

)| . . e
:j and maintenance of Objechve 4
— HP plants and WA WP
\ 3 clusters -

\ Facilitate decision-making for

the operations and
AN S ,
~ [:b maintenance of hydropower
plants and clusters in

contemporary power markets.

Obijective 2
WPI1, WP3 - WP5

Digitise maintenance and
operation of hydropower
plants
for sustainability.

Objective 3
WP1 - WP4

Reliable and robust hydropower data
solutions as fransparent as needed.

This project has received funding by the European Union’s Horizon Europe research and

innovation programme under Grant Agreement N° 101122311



Use Case 1 — PPC- Greece

Application of Di-Hydro DT and integration in HP digital cluster.
Calibration of Di- Hydro Decision Making Platform for HPPs and
cluster

llarionas HPP Thisavros HPP Pournari | HPP

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311

LOCATIONS:

Pournari Artas
Epirus, Greece

llarionas Kozanis
Western Macedonia, Greece

Thisauros Dramas
Central Macedonia, Greece



"%9 Development of sensor node for SHM/CM I

Development of a modular sensor node that consists of:

o Acoustic Emission (AE) PZT sensors and a data acquisition
system for detecting flaws, cracking and damage evolution
before it becomes critical.

o Accelerometers for the detection of micro vibrations resulting
from cracking, flaw formation and ongoing damages in Data acquisition and wireless AE sensor
mechanical equipment and structural parts. data transition AE system

o Magnetometers in order to detect disruption in the magnetic
flux of electric motors resulting from worn components.

o Integrated temperature sensor and humidity sensor to monitor
the conditions of the operation environment.

o Crack growth sensor to detect crack growth on structural
parts.

Integrated sensor module Crack growth module

- This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311 o




Task 4.1 Deployment and performance assessment of stand-alone HPP O&M pilots

SHM / CM sensor node for HPP machinery and infrastructure

Sensor
elements

1{"4" e

AE acqmsmont%
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o
(=

Predictive maintenance algorithms

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

« Available data (i.e., sensorial, historical, live, metadata) were analyzed by novel ML/Al models to identify

and predict various trends in the HP

* Models were trained on labelled lab data and on-site data to detect and identify failures on motor's drivetrain ' llarionas Kozanis

Western Macedonia, Greece

« A fusion mechanism was developed to combine the various models' outcomes to a more robust detection

output

* An unsupervised model was trained on the data received from PPC plant in llarionas for the temperature

anomaly detection on the stator core

/ ™\ Vs ™\ /~ ™\

Normal Operation Faulty Gear
Baseline vitirition and thersmial High-frequency acoustic Periodic impact vibrations at
emissions detected. specific RPMs.

patterns.

— magx
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(‘C@@ Ultrasonic Anti-biofouling unit I
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e Tested the effectiveness of
ultrasonic based antibiofouling
system under lab and real-life
conditions

e The antifouling system creates
micro-cavitation that disrupts algae
formation on surfaces

e Portable and easy to install

e The anti-fouling does not cause
damage on surfaces and
components

e Suitable for heat exchangers and
piping

\.«\ R

e Before

. After

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311 8




(‘@@, Underwater drone inspections I

e Visual inspections of water reservoir foundations
using advanced and highly maneuverable ROV = ot

e 2 stage approach
o Underwater Image Enhancement /
Preprocessing
o ML Based Damage Detection
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Digital Twin |

A Digital Twin (DT) of physical hydropower plant (PPCs- llarionas HPP) was developed. It includes all major HPP systems (Signal and

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

~

Physical HPP input into DT
* Plant layout

« Geospatial Information

* Inventory list

« Sensor data

« Control system data

» Historical data
 Real-time data

DT provides

« Performance monitoring
* Predictive operation

* Preventive maintenance

« Optimizing energy production

 Resource management

* Running scenario simulations

 Reduced downtime
« Improved life expectancy

~

/

This project has received funding by the European Union’s Horizon Europe research and
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Digital Twin |

| i | EE]
® e ® e O W ElE e . . . : :
fromm. - g The specific Digital Twin (DT) will be based on the llarionas
(J roeesy : o HPP which is capable of supplying the essential data
il '"Tj £ e LI_ required:
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( | INTEMA grid PPC HPP cluster modelling I

Power_ Ref

Key modelling achievements ==l — |
. _ M—_‘-I‘ control.| —,E-,_,_%H_,_.C >J_,E-_
» Developed and calibrated custom dynamic models from ﬁ
plant1

scratch for the 3 Greek HPPs (PPC), including pumped-

o\

k=k

storage operation. —
_ , _ St} conro, g v -
> Integrated the 3 models into CERTH's INTEMA.grid —+ ot
simulator to represent their coordinated operation as a plant2 EW
single cluster. . .H|____;4H4
> Assessed the cluster's operation through long-term il e o () e
scheduling and short-term disturbance simulations. _|—+-—_LJ,-;='T' B T e Tt
Key results B,
(g
» Scheduled operation: The models successfully reproduced
the predefined unit scheduling and active-power exchanges Figure: Graphical representation of the Greek HPPs’ system model
under a real seven-day demand profile. s.n A A A AL AL AP
S e 1 —‘: r o || -xbﬂf v 199
» Frequency response test: Under a 20% load disturbance, - R
the addition of the 3 HPP cluster provided a more stable ° [
response, improving the frequency nadir from 49.415 to
49.603 Hz, compared with the system without HPP IS

I I I 1 I 1 I 1
1.799 1.7995 1.8 1.8005 1.801 1.8015 1.802 1.8025 1.803 1.8035 1.804

support. ’ ] ’ ’ Time (days) ) ’ ) ' l l Time (.seconds). . | . ><10.4
Figure: Simulation results including active power flow (left) and frequency response (right)

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311 12
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Use Case 2 — A2A- Italy

Inflow forecasts at flexible lead-times according to meteorological
evolution in the upstream catchment.

Collection of historical data
Installation of flow meter sensors

Weather and water flow predictive Al-based modelling and

forecasting Ampezzo and Somplago HPPs

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311

LOCATIONS:

Novarza Dam
Udine, Italy

Sauris Lake
Udine, Italy

Verzegnis Lake
Udine, Italy
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MORPHOLOGY/GEOMETRY

Reservoir/
intakes

Watershed

&

% 8L 9 @

Hydrological modelling and water inflow forecasting I

NUM. METEOROLOGICAL
IN-SITU DATA ELABORATIONS

(XN}
Seasonal Weather
forecasts forecasts

Meteo Snow
stations gauges

Wl Cheata Bees 3 Frogr e

ST13d0W

Complex
morphology Machine Matemathical Physical Downscaling

Real-time

Q WATER PREDICTIONS

learning models models

& LUATERUADE

Now +5 days +6 months +30 years

Short-term Long-range

Climate
forecasts forecasts

projections

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311

Digitize all the components of the water cycle of
the catchment (Sauris and Verzegnis lake)

Provide accurate forecasts of water inflow in
points of interest

(

\U

4

WATER FLOW
FORECASTS

\

J

Short-term forecasts (up to +72 hours)

Long-term forecasts (up to +6 months)
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EJNIEKTPOMNMPUBPELA

Use Case 3 - Serbia CPEUIE

Development and implementation of a digital sensor-based
real-time water quality monitoring system (with early warning)

- Collection of historical data
- Development of sensors for biodiversity and environmental

monitoring

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311

Meduvrsje HPP

16



&5 INOSENS » Environmental monitoring I

Electroconductivity

e Turbidity

e Ammonia

e Electroconductivity

¢ Dissolved oxygen {'/
e Algae concentration
Turbidity
& it
Sensor Prabe Holder a 300 v i lj”ty
P — BSA
~
Membrane lon Head ;}200' 7 10 CFU/rmnI
Membrane lon Head <) 10¢ CFU/MmI
N E — G
~ 100} — 10 &FU/mI
Ammonia \
detection Algae concentration % 500 1000 1500 : :
RS (O E.Coli detection

This project has received funding by the European Union’s Horizon Europe
research and innovation programme under Grant Agreement N° 101122311 17




DHM & TLF for biodiversity monitoring I

 Portable suitcase configuration with DHM & TLF sensors
————————— iIntegrated (custom design of mechanics and electronics).
I . Custom GUI displayed on touchscreen for sensor control
i — and data display.

 Handled to EPS personnel (training included) to periodically
perform measurements in their water reservoir.

Sample Name Test 1760510328_

Image file /home/di-hydro/Pictures/1760510982274.bmp

Control software

Filamentous Blue-Green algae
(Anabaenas)

275 nm LED

hotomultip§BF@eMT
— ——— *

DHM & TLF
integrated
Sensors. ‘|

This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311 18
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"é@ Di-Hydro Data Models
St a t I C D a t a Query: Get Real-Time and Historical Water Flow Rate Mea-

surements for a Specific Penstock. Filtering by Date Range:

curl -X GET 'serveraddr/ngsi-ld/vl/entities/urn:ngsi-1ld:
Penstock :@@17attrs=observations'

curl -X GET 'serveraddr/ngsi-ld/v1/entities/?type=
Observation&id=urn:ngsi-ld:Observation:WaterFlow:801,
urn:ngsi-ld:0Observation:WaterFlow:002&attrs=
measurement .waterFlowRate&options=temporalValuesé&
timerel=between&time=2024-07-01T700:00:0078&endTime
=2024-07-31T23:59:5972"'

World Class Standard

(72

OnObject
» HydroPowerPlant D .
Dynamic Data e

Devices
There is a blockage in penstock
Observation "penstock22™ between coordinates
1000 L'min "sensor12 coord.” - "sensor13coord”

—

Observations Observations

Actuations

ld-urn:sensori2
type:Waler_Flow Sensor

y 200 Limin

Wtion
" Id-um:sensori3

type:Water_Flow Sensor

JSON-LD

Actuations

Id:urm:penstock22

Available as Open Source! o
- This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311 RO T



l‘@ Secure by Design Approach

Apply mitigation actions to prevent attacks

Di Hydro Federation

ComDeX
Node

External HPP Federation

~~~~~~~ | HPP |

P . ComDeX ) ’ (CCDUIT Node -~
Prioritize mitigation strategies Node o ey S\ “wpp | R
) Node \ HPP |

B | vierenee o
| N w E
g = a | *:"* »“;*‘.' ( \ :
6 e — ! n
Assess Cyber Risks = If."‘,.e.. ((((’)2) S .
0 1 2 3 Rl 5 mos:  uino !
CCDUIT Node
Impact S Y T
a Deployment for each nodeq CagmDeX Action Handlers y += Orion-LD FastAPI g?zz
e ' . . . » » . . . » . o . lot
! ) SHIELD Ll
. : _ Web Server
,‘J :' (,— --KE Raw Data Pr?processing ! oT Devic gﬁfll;:_el))(t
Community |/ | | g I
Cumpunents Reachability ﬁz::;ﬁ;::; Attack Gra:ph Trust Security 2= == =" = l
(Devices,Servers, |+ || Graph inventory Computation Computation Messaging Deploymentfor each devics | 18 480 (@ (@
Applications, etc.) | Sy P fetonafied Mechanism lot Device
o Al CVE-2023-49277 T e e Trust : (Sensors/Actuators)
= CVE-2021-22722 ah FF il |poan 4
¥ s e B —r Values
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Decision Making Platform |
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L |

v Scalable

v Built with Python

v Data Server Interrogation
v Forecast Visualization

v Digital Twin

v Database Compatible
(Azure, SQL, .csv file)

v Flashing Warnings

v Big Size Screens
v Data Auto Refresh

- This project has received funding by the European Union’s Horizon Europe research and
innovation programme under Grant Agreement N° 101122311
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‘ il HPP AUGMENTED REALITY SURVEILLANCE

HPP LOCAL SURVEILLANCE
HW & SW SOLUTION

OPERATOR VISUALIZATION TOOL EXAMPLES I

HPP FEDERATED DATA VISUALIZATION WINDOW

PPC PARAMETERS UNIT 1

s [0

SHAFT SPEED - Param ACTIVE POWER - Param (ACTIVE) COOL AIR TEMP 1 - Param

214.285 ool LYIEY) '“"_"“”‘ 19.655

COOL AIR TEMP 2 - Param COOL AIR TEMP 3 - Param COOL AIR TEMP 4 - Param

19.655 o 19.766 il 19.655

COOL AIR TEMP 5 - Param COOL AIR TEMP 6 - Param WARM AIR TEMP 1 - Param

19821 urr.ml 19987 “”\‘”‘{ 33896

DIGITAL TWIN FEDERATED DATA VISUALIZATION WINDOW

DI-HYDRO DIGITAL TWIN DASHBOARD Upload data — selact sheet — choose parameter(s) — edit table & explore multi-graphs.

5. KPI for main parameter

Current Prediction Stddev
166000.00 51756.81

6. Editable INPUT /OUTPUT table
Rows = main parameter + extra parameters (from multi-select). E:

divided port 2 10000 166eee 99999.93 165971.75

sssss

7. Measured OUTPUT - Al prediction

4000




o Follow Di-Hydro!

Visit the Di-Hydro website, where you'll find all the Di-
Hydro Materials, such as flyers, reports, our newsletter
Issues, as well as what they say about Di-Hydro around!

Di-Hydro Website: hitps://dihydro-project.eu/

Follow us also on Linkedln:
hitps://www.linkedin.com/company/di-hydro-project/

Check out the Di-Hydro Podcast Series:
hitps://youtube.com/playlist2list=PLnaSU/-
OPgOtFKTMZXYVby8mP_Daibnwh&si=5n1tL11kJOKBLZIZ

Subscribe to our Linkedin Newsletter:
hitps://www.linkedin.com/build-relation/newsletter-
followeentityUrn=7/406647955916541952

innovation programme under Grant Agreement N° 101122311

This project has received funding by the European Union’s Horizon Europe research and

Check out the
Di-Hydro Innovation Handbook,
featuring the main results from

the project!
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Digital maintenance for sustainable and flexible
operation of HYDROpower plant

Thank you.

Dr. Alkiviadis Tromaras

Research Associate
CERTH
atromaras@certh.gr

CERTH

= CENTRE

FOR RESEARCH
& TECHNOLOGY
HELLAS
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