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Abstract The digitalization of hydropower plants optimizes performance, improves efficiency, a
reduces operational costs. This document outlines integrating digital sensors, leverac
data from new and existing sensors to monitor and control plant operationsvadced

data acquisition, predictive maintenance, digital twins, and weather forecastit
techniques provide reatime insights into water flow, turbine performance, and electrice
output. Predictive maintenance algorithms anticipate equipment failures fommtely

maintenance, minimizing downtime. Digital twins enable simulation and scenai
analysis for informed decisiommaking. Incorporating weather forecasting models allow
accurate water inflow predictions and optimized energy generation. This compreheas
approach enables proactive maintenance, predictive analytics, and informed decisi
making to maximize energy generation while minimizing downtime and environmen

impact.
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EXECUTIVE SUMMARY

The DiHydro project aims to develop an integrated digital solution for optimizing the
operation and maintenance of hydropower plants. This deliverable outlines fhaential
different use cases that will demonstrate and validate the-Bydro system across three
major power generation companiesPPC, A2A, and EPS.

For PPC, the key use cases include creating a Digital Twin for the llarionas hydropower
plant, installing advanced condition monitoring sensors, conducting underwater
inspections, addressing biofouling issues, testing the decisioraking platform, and
modeling the integration of multiple plants into a virtual power plant cluster.

A2A's use castcuseson developing water inflow modeling and forecasting capabilities
for their Friuli hydropower plants, as well as testing the decisioraking platform.

Under EPSuse case environmental and biodiversity sensorsill be developed and
installed including associated modelingas well adesting of the decisionmaking platform.

The documentdescribesthe requirements and specifications of the different sensors,
modelling and forecasting, as well as the-Biydro Digital Twin, Decisiomaking platform

and the data architecture that will allow the integration of all of the aboveThe
development of these various technologies, including sensors, modeling tools, digital
twins, and decision support systems, will be undertaken across work packages 2
dlnnovative sensor technologies for HP digitalizatiérand 3 8HP digital modeling for
optimal O&M with integrated pilot testing planned for work package 4 in the later stages
of the project. The three industry partners will facilitate and support these development
activities to ensure the BHydro system meets their operational requirements.

The penultimate section of the document outlinesvaluation frameworkthat have been
established by the project partners. Theddifferent technical objectiveswill facilitate a
comprehensive evaluation and assessment of the project solutions upon completion of the
demonstration activities which will be carried out inOGJ C H9 ; AS8Ssing and a
optimizing DiHydro decision making platform for HPRsd clustersh ¥

In summary, this deliverablelescribes the potentialuse caseactivities that will be carried
out in the duration of the projectdepending onthe development of thedifferent technical
work packageghat will follow with the aim ofdeveloping the Di-Hydro digital hydropower
solutionsfor the industrial partners and the indstry as a whole.
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1. INTRODUCTION

Europe possesses significant hydrodynamic potential due to its diverse altitude landscape
and surrounding seas. However, only a small fraction (13.8%) of the EU's net electricity
generation comes from hydropower plants (HPP). This low utilisation is prifyaattributed

to inadequate digital management, handling, and maintenance of HPPs compared to other
energy generation methodsTo fully harness this potential and bolster renewable energy
production for a climateneutral economy, DHydro aims to digitiseHPPs by developing
smart devices and data acquisition techniques to predict and control operations and
maintenance. Digital Twins (DTs) will facilitate retine data exchange, alongside an
intelligent decisionrmaking tool for optimal coordination of power generation considering
societal, weather, water flow, environmental, and biodiversity data.

Indeed, DiHydro will develop smart devices and proactive intelligent algorithms that utilize
data acquired from static, dynamic, and alternative sources as to predict the operational
and maintenancerelated behaviour of standalonehydropower plants (HPPsplants and
clusters, and we will then incorporate such algorithms in digital twins that can fully
interrelate with such HP plants/clusters, yielding, eventually, an intelligent, fulgplicable
decisionrmaking tool for optimal coordination of environrantally mindful power
generation from such plants/clusterbased on the foreseen market needs and the intended
commercial strategy of their ownerdNotably, a wide variety of previous plant digitization
levels, weather and water flow conditions, biodiversity, environmental and societal issues
pertinent to such HP clusters are incorporated in the integrated practical solution
developed here, mainly byeveraging innovative sensor technologies, cuttiredge digital
adaption for energy production, and optimiz# operation and maintenance practices
based on nexigen information technology.

Three power generation companies(PPCGreece, A2A Italy andPSSerbia) are
participating in this project providingdifferent hydropower plants. All the powerplants
operate under a use case that is defined, bgxploiting equipment, infrastructure,
machinery, and capacitythat they are available so they can adapt partiallpr fully to the
proposed digitalization of DHydro.
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2. AIMS & OBJECTIVES OF THE DELIVERABLE

The aim oDeliverable 1.2 is talefine thepotential use casectivitiesand multi-disciplinary
requirements of the different solutions that the Di-Hydro projectwill develop, aimed for
the hydropower sectowhich will be tested on the BHydro HPPsFurthermore,D 1.2 wil
describe the regirements, tools and specifications ordefinitions of all the required
systemsthat will be developedor implemented covering

1 Development of aensomodefor structural health monitoring(SHM)nd condition
monitoring (CM)of hydropower plants (rotating machinery or infrastructure)
Development ofwater quality and biodiversity sensots

Application ofultrasonic biofouling cleaning probeson heat exchangersr piping.
Underwater inspections using a&mote operatedvehicle (ROV)

Application of water flow meter sensor

Digital forecasting toolssuch as1)weather and water flowartificial intelligence (Al)
based forecasting 2) Environmental, biodiversity monitoring and mode]s 3)
Diagnostic and prognostic Adased models for proactive HP structural and
machinery health

1 Developmentof the Di-Hydro DigitalTwin (DT)ased onan HPP.

1 Development of theDi-Hydro Decision makingool and architecture

1 Development of @ta requirements exchange architecturend security

= =4 -4 -4 -4

Based on participating HPPs and utilizing data obtained inDd.1 A? AL9D LJ9FK>GJ
L @= &. , déliverabl& 1.25ets the goals of fully digital O&M system for modern

digitally handled HPPsand clusters, investigating pathways and tools to reach it in
accordance withthe existing level of digitization.
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3. Potential use cases definitions

Section 3defines thepotential use caseof the DiHydro project, covering the different

activities that will be carried out with the projectAsstatedin” pyp a" A?AL9D LJ9F
G> L @= & energy=conipaigurticipate in the projectoffering hydropower plants

to the projectas pilot sites. These three companies apeiblic Power Corporation (PP@)

Greece A2A in ltaly andloint Stock Company Elektroprivreda Srbije BelgradEPS) in

Serbia

A very brief description of the use cases is provided in the following paragraphs for the
reader to gain a better understanding:

1 PPC use casontains application of standalone DiHydro DT and integration in
HP digital cluster. Calibration of EHlydro Decision Making Platform for HPPs and
cluster. Also, under thse use cass structural health monitoring and condition
monitoring will be applied including underwater inspection@nd anti-biofouling
solutions.

1 AZ2A use case: Inflow forecasts at flexible lgades according to meteorological
evolution in the upstream catchment.

1 EPS use case: Development and implementation of a digital setis®ed realtime
water quality monitoring system (with early warning).

3.1PPCpotential use cases

PPC was founded in 1950 and hasen listed on the Athens Stock Exchange since 2001. It
is the leading electricity generation and supply company in Greece, with activities in the
generation, distribution, and sale of electricity to consumers. It is the largest electricity
supplier in Grece, serving approximately 6 million customers throughout the country.

The PPC Group maintains a total installed generation capacity of 10.4 GW in Greece, with
thermal and hydroelectric power plants as well as Renewable Energy Sources (RES)
installations both on the mainland and on the islands. In particular, PPC operatemath

thermal power plants that use lignite, gas and diesel fuel, 6 hydroelectric power plants, 16
H@GL GNGDL 9 A; HGO=J HD9FLK 9F< FME=JGMK OAFK<
: ADDAGF 9F< LGL9D 9KK=LK 9J= EOemrgypeesandDDAGF
consists of the parent company and the subsidiaries of Hellenic Distribution Network
-H=J9LGJ O&#",- 1 06 OAL@ 9 =?MD9L =< KK=L
Renewables SA.

3.1.1 llarionas HPR use casetl

llarionas is the first HPP of the Aliakmonas River Complex, which comprises of 9 power
plants, in the following downstream order: llarionas, Polifito, Sfikia, Asomata, Agievara,
Makrochori, Vermio, Agras, Edessaios. The llarionas Hydroelectric Power Plant is using
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water from a reservoir created in the course of Aliakmonas River (Latitude 40°5'52.23"N
Longitude 21°48'17.03"E). The dam that forms the reservoir is an embankment dgirth
dam with a total height of 130 m, a length of 540 m, and a total volume oflBomim3. The
reservoir holds 402.2 million fof water, and its useful volume is 320 million3mThe
reservoir covers an area of 19.4 kntocated in the prefectures of Kozani and Grevena. There
are also, two spillways with two water gates respectivelypenstock of 557 m in length, a
discharge tube of 749 m, and a draining tube of 772 m. The river can supply the hydropower
plant with an average water supply volume of 34.B/m The hydropower plant consists of
two horizontal Francisturbines of 77.6 MW each (total capacity 155.3 MW). An additional
small Francis turbine provides an ecological supply of 4.2 MW of power. All the turbines are
connected using transformers to the grid via a 150kV connection. Furthermore, the first year
of production was in 2014Further technical details of all thethree HPP participating in

I AK Mé#nhbe fouddiaErrore. L'origine riferimento non & stata trovata. and D
1.1.

Wi

Figre 1. Front vi w of Ilérlonas HPP
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Figure 2. Top view of llarionas HPP

Table 2. Generalinformation about use case #1

Use Case title llarionas use case
Responsible PPC

partner

Other  partners | CERTHATLANTISACCELI
involved

Use Case location | |larionas HPP, Kozani, Greece
Potential context | Digital twin development, condition monitoring{CM)and structural
health monitoring (SHN), underwater drone inspections

I AK 'HPPRishAigiiBed tlant making it favourable for the application of a stand
alone digital twin, decision support systemgondition monitoring/ structural health
monitoring, predictive maintenanceas well asunderwater drone inspections

CERTHATLANTIS, AP2K including RR@mbershave carried out atechnicalvisit to PP@ K
llarionas plantin order to understand the needs of this specific plant arttiscuss with the
director and technical staffwhich of the DiHydro activities andtechnologies would be
more applicable to this specific use cas&lthough, the site became operational 2014 and
is quite digitised, PPC in general uses astly reactive and preventive maintenance
according to vendor recommendations anbcal expertisefrom eachplant. The company
isalso undergoing digitisation in general angias a digitisation strategyhat aims tocollect
all operational data both from thermal and hydropower plantand make them available
under the same system.
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Since the main subject of use case #1 dsndition monitoring and structural health
monitoring of machinery or infrastructure as well as use of predictive maintenance
algorithms, the technical visit was used to identify the potential locationshere such
sensors could potentially be placed. The details regarding the sensors that will be
developedby CERTH are explainedsection 4 and 5However, the objective is to create a
low power sensor node that would carnjcousticemission(AE)sensors,acceleromeer,
magnetometer, temperature,gyroscope and an analogue elastic micro displacement
sensor (crack meter) The purpose of this sensor node would be to deteabnormal
behaviour or failure of machinery and through the use of thepredictive algorithms
(describedin section 5.2), implemented by ATLANTIS, to predict potentialilures before
they occur.

According to the plat director the following areas wereidentified for future potential
instrumentation:

1 Penstock valve(seeFigure 3). During the visitone of the two penstockoutterfly
valvescould not close Hence, it was deemed as a suitable location wheensors
could be placed, taking signals from both penstocKaulty and nonfaulty).
Actuatorssystemfor Francis tubineA K (FiguFe®
Oil pressure uni{Figure5)

Water distribution motors Figure6)
Electrical substation(Figure?)

1
1
1
il

Figure 3. llrionas HPP genstock and valve.
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Figure 5. Oil pressure unit
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Figure 6. Motors for water distribution

3 &
.h ‘

Fiure 7. Electrical transformer substation

In terms of underwater inspectios using a remote opeated vehicle (ROY supplied by
CERTHwo ideal locations wereindicated asareas of interest:
1. Inlet trashrack. The trash rack may get clogged with debris and requires inspection
2. Cement embankmentst the tailwater sidecan get eroded and require inspection
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Figure 8. Trash rack inlet location of llarionas HPP

In addition, going beyondhe agreedactivities in the DiHydro Grant AgreemeniCERTH will
use its newly acquired quadrupe&potrobot from Boston Dynamics in order to carry out
inspections at the llarionas HPH he robot will be used to carry ouhspections(i.e. optical
or thermal) (potentially on locations that require human intervention, frequent
measurements etqg.of key equipmentinfrastructure, as a proof of conceptor their use in
such applications as observed in literaturdEnergy Robotics2021) Aso, the use of ths
robot will investigatethe potential difficulties ofimplementation of suchrobotic systems
in afully operational HPPenvironment

Figure 9. Boston Dynamic Spot quadruped robot
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The llarionas HPP emerges as the prime candidate for creating a digital twin (DT) among all
the HPPs participating in the EMydro project. Notably, Ilarionas is the sole power plant
capable of supplying the essential data required for the developmenthaktdigital twin.

Several key factors contribute to this suitability. Firstly, llarionas boasts a high level of
digitalization and existing digital infrastructure. This creates a robust foundation upon
which to build the DT. Crucially, most input signals essential for psety replicating the
HPP's physical systems are already captured-site. Furthermore, the availability of
historical data in a digital format proves invaluable for both developing and testing the DT's
accuracy. Finally, llarionas' status as a new facilitgquipped with modern
electromechanical systems presents a significant advantage. These systems can be more
accurately represented within a DT, empowering engineers to monitor, asaJyand
optimize the HPP's performance in a simulated environment.

3.1.2 Thisavros HPR use case#?2

Thisavros is the first HPP of the Nestos River Complex, which comprises of 2 power plants,
in the following downstream order: Thisavros, Platanovrisi. The Thisavros Hydroelectric
Power Plantuseswater from a reservoir created in the course of the Nestos River in the
mountainous region of Drama (Latitude 41°21'16.00"8N_ongitude 24°22'1.00" E). The
rock-fill embankment dam that forms the reservoir is the tallest dam in Greece, with a
height of 72 m, a net head of 154 m, a length of 480 m, and a totalmel of 12 million m.

The reservoir (artificial lake) covers a surface area of 1&,Kmas a total volume of 677
million m? of water, and a useful volume of 563 million*mThe dam was constructed
between 1986 and 1996 and serves two main purposes, namely irrigation and hydroelectric
power generation. The dam's reservoirs irrigate approximately 200,000 ha of land in the
Drama region, and its hydroelectric power plant has arstalled capacity of 375 MW using
three Francis turbines of 125 MW each. The disgkaof the turbines comes from three
penstocks, one for each turbine. Also, there is a spillway with three water gates. The river
can supply the hydropower plant with an average water supply volume of 32snit is a
pumped storage power plant, and it is connected to the grid via a 150 kV connection.
Furthermore, the first year of production was in 1998.
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Figure 11. Top view of Thisavros

Table 4. Generalinformation for use case #2

Use Case title ThisavrosHPPuse case
Responsible PPC

partner

Other  partners | CERTH, ATLANTIS
involved

Use Case location | ThisavrosHPP ,Drama, Greece
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Potential context | Condition monitoring (CM) and structural health monitoring (SHV

underwater inspections

Thisavros HPRs also anothe PPC plant which igligitised Use case #activities will be
potentially related to condition monitoring/ structural health monitoring, predictive
maintenance as well as underwater drone inspectians

CERTHand ATLANTIAF; DM<AF? . .| E=E: =JK @9N= ; 9JJA=<
Thisavrosplant in order to understand the needs of this specific plant ahdw it differs
from the other plantsKk AF ; = AL AK G FedstoBage plai@sGn Greede, Anlskingl ME H

it more uniquebut also more difficult toapply technologies. Specificallythis plant is more
difficult for maintenance due to providingvater to the Platanovrisi HPP downstream as
well its requirement for continuous availability for pumpingvater upstreamto alleviate
grid overloads fromother renewable sourcesr low electricity demand times

Discussions with theplant director indicated that CM/SHM monitoringand predictive
maintenance can mostly becarried out on electromechanical equipmentof the plant
Comparedto llarionas HPP the needsf this plantare aligned, however they were not the
same.According to theechnical staff, ptential locations for sensorisation anchonitoring,
using! # 0 2 & AK K ar€ lKt€dlbeldwG < =

1 Penstockflangesshowedsigns of wear but their repair wasot option due to the
TSO requiing that the plant is alwaysavailable forpumped storage operationgsee
Figurel?).

1 Oil pressure systemmotors for controlling the Francis turbineguide vanes (see

Figurel3).

Air compressor unit§seeFigurel4).

Water pumpingsystem mobrs (seeFigurelb).

Partial discharg on stator windingscausingdeterioration of theinsulation coating.

Condition monitoring of transformers (see Figure 16). Currently oil samples are

taken from the transformer and analysed by a lab.

il
1
1
1
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Figure 13. Oil pressure system motors
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Figure 14. Air compressor units

Figure 15. Water pumping system motors
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Figure 16. One of thethree transformers at Thisavros HPP

In terms ofunderwater inspections the water intake tower was identified as the main
priority in order to evaluate the condition of th&rash racks around théntake tower.
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Figure 17. Mockup of the water intake tower

3.1.3 Pournari HPPusecase#3

Pournari | is the first HPP of the Arachthos River Complex, which comprises of 4 power
plants, in the following downstream order: Aoou, Pournari I, Pournari Il, and Louros.

Pournari | Hydroelectric Power Plantseswater from a reservoir created in the course of
Arachthos River near the town of Arta, Western Greece (Latitude 39°11'10806Myitude

21° 1'18.68" E). The earfill embankment dam that forms the reservoir has a height of 88
m, a net head of 79 m,langth of 580 m, and a volume of 9 million*nThe reservoir covers

a surface area of 20.6 Krhas a volume of 730 million fand a useful volume of 303 million

m3. The power plant capacity is 300 MW and consddtshree Francis type turbines of 100
MW. All the turbines are connected via transformers to the grid with a 150 kV connection.
For the discharge of the turbines three penstocks exist, one for each turbine. Also, a spillway
can be found for the excess watavith three water gates and a discharge of 610&snThe
river can supply the hydropower plant with an average water supply volume of £&m
Furthermore, the first year of production was in 1981.

The Pournari Il hydroelectric project was built downstream of Pournari I. It operates as a
regulating reservoir, ensuring the continuous flow of water in the bed and the mouths of
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the Arachthos River throughout the year, contributing to the rational and effective use of
the irrigation networks in the area. The project consists of-&ibmeter-long and 15meter-

high earthen dam on the left bank and a 1-3@eter-long concrete overflodam for the
diversion of flood flows. The power plant building houses three units with a capacity of 33.6
MW, one S type of 1.6 MW, and two bulbs of 16 MW each. The average annual energy
production is 45 GWh. Overall, the total installed capacity of tHeRHs 333.6 MW.
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Figure 19. Top view of Pournari I-11

Table 5. General information about use case #3

Use Case title Pournari HPRuse case

Responsible PPC

partner

Other  partners | CERTH, ATLANTIS

involved

Use Case location | Pournari HPP Arta, Greece

Potential context | Biofouling, condition monitoring, underwater inspections

Pournari HPPis the oldest and least digitised of the three plants participating in the-Di
Hydro project Plans for digitisation of this HPP are alreasythin PPC planUse case #4
activities may potentially berelated to biofouling prevention, predictive maintenanceor
and underwaterinspections.

CERTHhas; 9 JJ A=< GML 9 L PouméiplandiborddrAckuAderstdndthe.
needs of this specific plant and howntaydiffer from the other plantsDiscussions with the
HD9 FL AK L Andi@fedthadtiz mérféilures of the plant were more attributed to
mechanical equipment than hydraulicer electrical. Also, the fact that the unit was older
had itsown merits becausemechanicalfaults wereeasy to fixaccording to thetechnical
staff. The following assetswere identified as potential locationdor carrying out pilot
activities (CM antibioufouling orunderwater inspections)
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1 Water pipesBiofoulingissue was detectedo be more severe in Pournari Il where
invasive solutions were takefor removingmicro-organisms like mussels from pipes
and heat exchangers. At Pournari | the issue was not so comriiowever, smaller
pipes where water circulates, may also get clogged fromicro-organisms (see
Figure20).

f Linkrods that changethed F? D= G> L @= L MAhydkdlic Bysten? MA < =
shown onFigure 21 left side is responsible for actuating hydraulic rant that is
connected to the maincontrol ring (right side ofFigure21). ThisgreenringA K DGO =J
surface is therconnected withlink rods to the guide vanesThelink rods havepins
which in somecases may become loose or defective, leadingvibrations inthe
turbine and extreme noisetransmitted throughout the facility. The lack ofa
monitoring system on this part of the turbinemeans that the technical staff will
need to check individually each of #sepins and connecting rodsto identify the
locations of the fault

9 Vibrationsin bearings Lack of vibration sensors on guide beargs@gnd thrust
bearingof the generator unitmeans that there is no monitoringf vibrationswhich
in turn depending on the loadsxertedon the turbine may cause excessive wear and
tear or failures on various partsA generic scheme for the locations of tigaide and
thrust bearings is shown ifrigure22.

1 Potential underwater inspectionscould be carried out at the water intake tower and
the bottom outlet unit ( Figure 23 and Figure 24). The latter is aower structure
located at the dam sideand is connected toa tunnel that leads to the bottom
reservoir. This unit although it has not been used can drainthe catchment
reservoir to a much lower level.

4There are two hydraulic arms in total the second one is out of frame.
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Figure 20. Piping for water circulation and cooling of the generator unit

e
Controlring for
wicket gate

Link rod pins for

- guide vanes levers

Hydraulic
cylinder

e : s
Figure 21. Hydraulic system for changing the angle ofL MJ : AF = A K . MainhydraulidNegliRderK
(left) that rotates the control ring for the wicket gate through the link rods (right)
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Upper guide bearing

Thrust bearin
. Lower guide bearing

Water guide bearing

Runner

Figure 22. Guide bearingK @nd thrust bearing locations

Source:Kong et al. (202;5)

Bottom outlet unit

Water intake towers

Figure 23. Water intake towers, control gates and bottom outlet unit mockup
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Figure 24. Bottom outlet unit (front) and ¢ ontrol gates (at the back)

3.1.4 PPC HPP cluster use cagd

Use Case title HPP clusteuse case

Responsible partner CERTH

Other partners involved PPC

Use Case location Ilarionas HPPThisavros HPPRournari HPP

Context Electrical grid simulation for the integration of the
three HPPs into thelectrical grid asa cluster.

l AK &. . K N9JQ AF L=; @QFGDG?Q <M= LG <A>>=]
large share of Greek water reserves and provide multiple services and water uses for third
parties (flood control, irrigation, water supply, recreation, etc.Mean annual water
guantity that PPC manages is 8 hil,®MF< L@= F=L 9; LM9D KLGJ9?
reservoirs is 5.73 bil. frequivalent to 3.35TWh Pumped storage plant in Thisavros is used
for storage of nighttime surplus production and pealshaving when neessary.

The technical specifications of thtree. . | AK &. . KTablde= DAKL =<

Table 6. Technical description of the three PPC HPPs

Installed Capacity | 155.3 MW 375 MW 300 MW
Turbine type Francis Francis Francis
Num. of Turbines 2x76.5 MW 3 x 125 MW 3 x 100 MW
Yearly production 330 GWh 440 GWh 235 GWh
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Net Height 100 m 154 m 79 m

Dam Type Earthfill- storage | Rockfill  Pumped | Earthfill-storage
power plant hydropower storage | power plant

Dam Volume 8 Mn# 12 Mni 9 Mn#

Dam Height 130 m 172 m 88 m

Dam Length 540 m 480 m 580 m

Water Capacity 402 M 677 Mm 730 Mm

Useful Capacity 320 Mm 565 Mm 303 Mm

First year of prod. 2014 1997 1981

Spillway 1 6210 ni/s 6000 ni/s 6100 ni/s
Length: 761 m Length: 650 m Length: 687 m

Spillway 2 6210 ni/s 6000 ni/s
Length: 650 m

Spillway 3 6000 ni/s

Discharge tube 749 m - -

Penstock 557 m - -

Draining 772 m - -

Average River 34.1 ni/s 32 n¥/s 47 /s

Water Supply

Average Yearly 1029 M 1015 Mm 1469 MM

Water Intake

Reservoir 366 m 320 m 100 m

Minimum

Operation Level

Reservoir 398.5m 380 m 120 m

Maximum

Operation Level

Reservoir 402 m 385.8 m 128 m

Maximum Level

Use case ##hvolves the use of # 0 2 &MHokse INFEMA electrical grid simulator $tudy

the optimal integration of the HPP cluster into the grid. INTEMA supports the dynamic
KAEMD9LAGF G> HGO=J ?2JA<KJ]] KLM<QAF? LJ9FKA=
operation. To this end, the INTEMA model library encompasses sophisticated tsdde

turbine governors and excitation systems, transformers and linés example of IEEE 14

Bus System representation within INTEMA graphical user interface is present&gure

25. In the context of DHydro, customised HPP models will be developed exploiting the
advantages of sophisticated opesource Modelica libraries e.g. OpenHP2023)for the
J=HJ=K=FL9LAGF G> 9DD F=; =KK9JQ KM: KQKL=EK 9

Foruse case #4INTEMA will assed#ise grid flexibility performance of the 3 PPC clustered
HPPs. A numerically reduceorder model of the 3 HPPs will be created and necessary
assumptions regarding power line losses are expected to facilitate the study of the plants
as a cluster. After the integtion of the HPPs into the grid, specified scenarios will be
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examined and grid performance, in terms of stability and flexibility, will be compared and
assessed.

Focus will be given on the electrical performance of the plants, including power
contribution and services to the grid. Ancillary services are essential for maintaining the
stability, reliability, and quality of the electrical grid. They include frequengulation to
balance supply and demand, voltage control to maintain proper voltage levels, spinning
and nonspinning reserves for backup power, black start capability to restore service after
a blackout, and load following to adapt to daily demand changeBhese services ensure
continuous and efficient power delivery, prevent disturbances, and support the integration
of renewable energy sources, thereby playing a critical role in the overall functioning of the
grid.

=

R
bm1?"-153w

stedin I

Figure 25. IEEE 14 bus system representation with INTEMA

3.2A2A Use cases

A2A is anulti-utility Italian Company, engaged in various businesses. The unit involved in

the DiHydroHJ GB=; L AK L@= a%=F=J9LAGF 9F< 2J9<AF?
of power plants which use all the available energy sources in Italy: water, sun, wind, fossil

fuels. Regarding RES, the installed capacity of hydroelectric power plants is ab@¥\2

while the total RES power plants capacity is roughly 3 GW. Switching to fossil fuels, the
thermoelectric capacity is over 7 GW. The programmable hydroeiecfsower plants

portfolio develops into 4 main locations: Valtellina, Valchiavenna (both in Lombardia), Friuli

and Calabria. The first three are in the Northern Italy, while the latter is in the Southern Italy.

A2A is participating in the EHydro project with 2 power plants, with an installed power of
s +5K 2@= a4$JAMDA HDO9FLKA :JAF? LG?=L@=J L
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Venezia Giulia, a region in the Nor#astern part of Italy, that usethe water of the
Tagliamento river, including the dams, the water intake structures, the power plants
themselves, the associated electrical stations and all the appurtenances of the plants
themselves. The Ampezzo plant became operational on thé" 80arch 1948 and was
inaugurated on the 27 May 1948. Furthermore, the Somplago plant became operational
on 258" October 1958.These two main facilities are the Somplago and Ampezzo plants as
shownin Figure26. Ampezzo HPP is located in the middle of the map, downstream of Sauris
Lake (an artificial lake regulated by the Lumiei dam), while Somplago HPP is located at the
bottom right corner of the map, downstream of Verzegnis Lake (an artificial lake regulated
by the Ambiesta dam)Further, technical specifications of the Friuli plants are provided in
APPENDIX- Technical specification of A2Ariuli and deliverable [1.1.
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Figure 26. Lcation of Friuli hydropower plants

Table 7. General information about use case #5

Use Case title A2A FriulHPPs use case

Responsible WATERJADE

partner

Other  partners | A2A, MAS

involved

Use Case location | Friuli Venezia Giulia, Italy

Context Inflow forecasts, production planning, plant optimization

Concerning thisusecase, Waterjade S.r.l. is collaborating with A2A in order to better predict
the water inflow, allowing A2A to manage more efficiently, as well as safely, the hydropower
production from the water of the Tagliamento catchment. The objective of A2A is to bette
predict the water inflow both for short term (daily/weekly) and long term (seasonal,
months, years). In particularshort-term forecasts are needed to better manage the daily
operation practices, especially regarding the lower daily/weekly reservoir (Ambiesta), and
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long-term forecasts are useful to plan the energy production and water level trend of the
upper seasonal reservoir (Lumiei) on longer time horizons. The starting point of 4s2A
case is that the forecasts are based on observational data (short term) and average seasonal
data (long term), but the aim is to have hydrologiebhsed algorithms which assist the
forecast skill, both in short and long term. To reach this objective, Wateg will set up for

r L@= &" A?AL9D 2O0AF Gmodelin@archite@ure; ti@E cairf L A J]
reproduce all the components of the water cycle at a watershed scale, such as precipitation,
snowfall and evapotranspiration, in order to forecast the water inflow according to the
meteorological evolution, also taking into accounhe presence of anthropogenic activities
such as dams or intakes operated by A2A. The configuration of the DT (in this paragraph, DT
KL9QK >GJ &a" A?AL9D 20AF G> L@= ;9L; @QE=FLA®
the Digital Elevation Modleor DEM) of the tributary basins to the A2A supply system, after
having previously identified any hydraulic barrier that may affect the natural runoff, i.e.
knowing the hydraulic scheme of the A2A supply system (location of intakes structures,
dams, plans and other possible elements). The following step of the configuration is the
hydro-meteorological data collection from orsite public weather stations (if any, or
otherwise reanalysis weather data) and hydrological observations (e.g. hydrometers, water
flow measurements) provided by A2A or available from public portals. Then, the hydro
meteorological data are processed through temporal and spatial interpolation, obtaining a
natural water flow time series as a target for the calibration of the hydrologiceiddel that
makes up the DT of the catchment. In this phase, also a detailed calibration about the snow
is carried out, since it represents a very important hydrological variable for the upstream
portions of the watershed. After this configuration phasdjet DT is seto simulate and
forecast the water inflow in the points of interest for A2A, for example specific intakes
structures of the supply system. The water inflow forecasts will be available either on short
and long term, according to A2A needs, @&viouslyspecified.

In order to have a better calibration target for the DT of the catchment, A2A and Waterjade
have decided to install a water flow sensor in a specific ckgsstion of the Tagliamento
river. This sensor is the micr L 9 L A GX1 pfgdu@é by vorteXo, aFrench company
specialized in water monitoring through remote sensing. This type of Aomasive sensor
(whose technical specifications are described section 4.4) is based on infrared remote
sensing. Because of this technology, the sensor has to be installed above the water, on a
structure which crosses the water body (e.g. a bridge). Indeed, the sensor will be installed
on a bridge on the Tagliamento river, in erof the uppermost parts of its catchment.
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Use Case

A2A

Figure27y 1 ; @=E9LA; J=HJ=K=FL9L AGZLsé&hsordn @bridga geK)lardih® 9 L AGF G
bridge crossing the Tagliamento river on which the sensor will be installed (right).

Since a measure of the natural water flow in this part of the catchment was missing, this
new sensor makes the reconstruction of a calibration target (i.e. a natural water flow) much
easier for Waterjade,sawell asenhancing the quality of the calibration itself.

3.3EPS Use casé

The basiactivities of Joint Stock Company Elektroprivreda Srbije (EPS JSC), are electricity
generation, supply and trading. Production of hydropower in EPS JSC is organized in two
branches:

- Djerdap HPP Branch,

- Drinsko* AEKC = JO9F; @ O9K >GMF<=< AF TRPH AF
power generation, comprised of:
a) &.. #D=CLJGEGJI9N9I/ q9R9CH
b) HPP Zvornik, Mali Zvornik,
c)&. . 9F< . 1. 9BAF9 9%¥L9/1 .=JME9; O&.
9BAF9 9%¥L906 9Fc<
d*AEKC= &. ./l , GN9 49JG+ O&.. 3N9; T &.
. GLH=@&o

Total installed capacity of Drinskd&imske Hidroelektrane equals 1390 MW. Average annual
GMLHML AK rArfTrT : ADDAGF C5@/] GML G> O@A: @ 5
HPP Elektromorava) which is participating in the-Bydro project.

&. . +=FthaNJ9+KB == MADL GF L @= 5 = K-Kablar@arge,@rted AN=J
its operation in 1955 while a complete revitalisation was finalised in 2010.
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Figure285 . GKALAGF 9&.B9 OWROX. . +=f MablargBge AF L@= - NRO

Figure29y + =F MIRR * B =

+=Ff MNJ¥B= D9C= @9 RwherGtDvikbbuilt ifal954 with a lBakiDbnAWater E

level in reservoir of 274.5 m. Used volume of reservoir for normal water level in reservoir of

273.4 m.a.s.l. from that period was 16 million*nin the meantime, the volume of reservoir

has been significantly reduced. Catchment area for= KL +GJ9N9 O0OAN=J MFL
Banja are3.155 kniy, & . . +=Ff MNJ #B= @9 K L1R2%&n¥9dnd akdragd. 9 DD = <
flow of the river West Morava is approx. 34.3%snFurther, technical specificationgbout

the plantcan be foundn APPENDIZ- Technical specifications dEPS+ = F MNJ ¥ B= &.

Usecase# 6 |

Use Case title ‘ Digital sensing for environmental and socieconomic modelling
Responsible EPS
partner
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