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Abstract  The digitalization of hydropower plants optimizes performance, improves efficiency, and 

reduces operational costs. This document outlines integrating digital sensors, leveraging 

data from new and existing sensors to monitor and control plant operations. Advanced 

data acquisition, predictive maintenance, digital twins, and weather forecasting 

techniques provide real-time insights into water flow, turbine performance, and electrical 

output. Predictive maintenance algorithms anticipate equipment failures for timely 

maintenance, minimizing downtime. Digital twins enable simulation and scenario 

analysis for informed decision-making. Incorporating weather forecasting models allows 

accurate water inflow predictions and optimized energy generation. This comprehensive 

approach enables proactive maintenance, predictive analytics, and informed decision-

making to maximize energy generation while minimizing downtime and environmental 

impact.  
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EXECUTIVE SUMMARY 

The Di-Hydro project aims to develop an integrated digital solution for optimizing the 

operation and maintenance of hydropower plants. This deliverable outlines the potential 

different use cases that will demonstrate and validate the Di-Hydro system across three 
major power generation companies - PPC, A2A, and EPS. 

For PPC, the key use cases include creating a Digital Twin for the Ilarionas hydropower 
plant, installing advanced condition monitoring sensors, conducting underwater 

inspections, addressing biofouling issues, testing the decision-making platform, and 
modeling the integration of multiple plants into a virtual power plant cluster. 

A2A's use case focuses on developing water inflow modeling and forecasting capabilities 
for their Friuli hydropower plants, as well as testing the decision-making platform. 

Under EPS use case, environmental and biodiversity sensors will be developed and 
installed including associated modeling, as well as testing of the decision-making platform. 

The document describes the requirements and specifications of the different sensors, 

modelling and forecasting, as well as the Di-Hydro Digital Twin, Decision-making platform 

and the data architecture that will allow the integration of all of the above. The 
development of these various technologies, including sensors, modeling tools, digital 

twins, and decision support systems, will be undertaken across work packages 2 

ӑInnovative sensor technologies for HP digitalizationӒ and 3 ӑHP digital modeling for 

optimal O&MӒ, 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 Di-Hydro system meets their operational requirements. 

The penultimate section of the document outlines evaluation framework that have been 

established by the project partners. These different technical objectives will facilitate a 

comprehensive evaluation and assessment of the project solutions upon completion of the 

demonstration activities which will be carried out in OGJC H9;C9?= ғ ӑAssessing and 
optimizing Di-Hydro decision making platform for HPPs and clustersӒӄ 

In summary, this deliverable describes the potential use case activities that will be carried 

out in the duration of the project, depending on the development of the different technical 

work packages that will follow with the aim of developing the Di-Hydro digital hydropower 
solutions for the industrial partners and the industry 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 primarily attributed 

to inadequate digital management, handling, and maintenance of HPPs compared to other 

energy generation methods. To fully harness this potential and bolster renewable energy 
production for a climate-neutral economy, Di-Hydro aims to digitise HPPs by developing 

smart devices and data acquisition techniques to predict and control operations and 

maintenance. Digital Twins (DTs) will facilitate real-time data exchange, alongside an 

intelligent decision-making tool for optimal coordination of power generation considering 
societal, weather, water flow, environmental, and biodiversity data.   

 

Indeed, Di-Hydro will develop smart devices and proactive intelligent algorithms that utilize 

data acquired from static, dynamic, and alternative sources so as to predict the operational 

and maintenance-related behaviour of standalone hydropower plants (HPPs) plants 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, fully-replicable 

decision-making tool for optimal coordination of environmentally mindful power 

generation from such plants/clusters based on the foreseen market needs and the intended 

commercial strategy of their owners. Notably, 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 by leveraging innovative sensor technologies, cutting-edge digital 
adaption for energy production, and optimized operation and maintenance practices 

based on next-gen information technology. 

 
Three power generation companies (PPC-Greece, A2A Italy and EPS-Serbia) are 

participating in this project providing different hydropower plants. All the powerplants 

operate under a use case that is defined, by exploiting equipment, infrastructure, 

machinery, and capacity that they are available, so they can adapt partially or fully to the 
proposed digitalization of Di-Hydro. 
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2. AIMS & OBJECTIVES OF THE DELIVERABLE  
 

The aim of Deliverable 1.2 is to define the potential use case activities and multi -disciplinary 

requirements of the different solutions, that the Di-Hydro project will develop, aimed for 
the hydropower sector which will be tested on the Di-Hydro HPPs. Furthermore, D 1.2 will 

describe the requirements, tools and specifications or definitions of all the required 

systems that will be developed or implemented covering: 
 

¶ Development of a sensor node for structural health monitoring (SHM) and condition 

monitoring (CM) of hydropower plants (rotating machinery or infrastructure).  

¶ Development of water quality and biodiversity sensors. 

¶ Application of ultrasonic biofouling cleaning probes on heat exchangers or piping. 

¶ Underwater inspections using a remote operated vehicle (ROV). 

¶ Application of water flow meter sensor. 

¶ Digital forecasting tools such as: 1) weather and water flow artificial intelligence (AI) 

based forecasting, 2) Environmental, biodiversity monitoring and models, 3) 

Diagnostic and prognostic AI-based models for proactive HP structural and 
machinery health. 

¶ Development of the Di-Hydro Digital Twin (DT) based on an HPP.  

¶ Development of the Di-Hydro Decision making tool and architecture. 

¶ Development of data requirements, exchange architecture and security. 

 
Based on participating HPPs and utilizing data obtained in D1.1 ӑ"A?AL9D LJ9FK>GJE9LAGF G>

L@= &. K=;LGJӒ, deliverable 1.2 sets the goals of a fully digital O&M system for modern 

digitally handled HPPs and clusters, investigating pathways and tools to reach it in 
accordance with the existing level of digitization.   
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3. Potential use cases definitions  
 
Section 3 defines the potential use cases of the Di-Hydro project, covering the different 

activities that will be carried out with the project. As stated in "ҏӄҏ ӑ"A?AL9D LJ9FK>GJE9LAGF

G> L@= &. K=;LGJӒ 3 energy companies participate in the project offering hydropower plants 
to the project as pilot sites. These three companies are Public Power Corporation (PPC) in 

Greece, A2A in Italy and Joint Stock Company Elektroprivreda Srbije Belgrade (EPS) in 

Serbia.  
  

A very brief description of the use cases is provided in the following paragraphs for the 

reader to gain a better understanding: 

 

¶ PPC use cases contains application of stand-alone Di-Hydro DT and integration in 

HP digital cluster. Calibration of Di-Hydro Decision Making Platform for HPPs and 

cluster. Also, under these use cases structural health monitoring and condition 

monitoring will be applied, including underwater inspections and anti-biofouling 
solutions. 

¶ A2A use case: Inflow forecasts at flexible lead-times according to meteorological 

evolution in the upstream catchment. 

¶ EPS use case: Development and implementation of a digital sensor-based real-time 

water quality monitoring system (with early warning).  

 

3.1 PPC potential use cases 
 

PPC was founded in 1950 and has been 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 Greece, 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 operates 15 main 

thermal power plants that use lignite, gas and diesel fuel, 6 hydroelectric power plants, 16 
H@GLGNGDL9A; HGO=J HD9FLK 9F< FME=JGMK OAF< >9JEKӄ 2@= 9FFM9D LMJFGN=J AK 9JGMF< Ề Ғӄҕ

:ADDAGF 9F< LGL9D 9KK=LK 9J= Ề ҏҒӄҏ :ADDAGFӄ 2@= ..! %JGMH =EHDGQK ҏґӅҎ00 employees and 

consists of the parent company and the subsidiaries of Hellenic Distribution Network 

-H=J9LGJ Ӧ&#",- 1 ӧ OAL@ 9 0=?MD9L=< KK=L  9K= G> 9HHJGPAE9L=DQ Ề ґ :ADDAGFӅ 9F< ..!
Renewables SA. 

 

3.1.1 Ilarionas HPP- use case #1 
 

Ilarionas is the first HPP of the Aliakmonas River Complex, which comprises of 9 power 

plants, in the following downstream order: Ilarionas, Polifito, Sfikia, Asomata, Agia Varvara, 
Makrochori, Vermio, Agras, Edessaios. The Ilarionas 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 ӛ 

Longitude 21°48'17.03"E). The dam that forms the reservoir is an embankment earth-fill 
dam with a total height of 130 m, a length of 540 m, and a total volume of 8 million m3. The 

reservoir holds 402.2 million m3 of water, and its useful volume is 320 million m3. The 

reservoir covers an area of 19.4 km2, located in the prefectures of Kozani and Grevena. There 
are also, two spillways with two water gates respectively, a penstock 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 34.1 m3/s. The hydropower plant consists of 

two horizontal Francis turbines 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 2014. Further technical details of all the three HPP participating in 
..!ӐK MK= ;9K=can be found in Errore. L'origine riferimento non è stata trovata.  and D 

1.1. 

 

 
Figure 1. Front view of Ilarionas HPP 
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Figure 2. Top view of Ilarionas HPP 

Table 1. General description of Use case #1- Ilarionas HPP 

Table 2. General information about  use case #1 

Use case # 1 
Use Case title Ilarionas use case 
Responsible 

partner  
PPC 

Other partners 
involved  

CERTH, ATLANTIS, ACCELI 

Use Case location Ilarionas HPP, Kozani, Greece 
Potential context  Digital twin development, condition monitoring (CM) and structural 

health monitoring (SHM), underwater drone inspections 

 
..!ӐK 'D9JAGF9KHPP is a digitised plant making it favourable for the application of a stand-

alone digital twin, decision support system, condition monitoring/ structural health 

monitoring, predictive maintenance as well as underwater drone inspections.  
 

CERTH, ATLANTIS, AP2K including PPC members have carried out a technical visit to PPCӐK 

Ilarionas plant in order to understand the needs of this specific plant and discuss with the 
director and technical staff, which of the Di-Hydro activities and technologies would be 

more applicable to this specific use case. Although, the site became operational in 2014 and 

is quite digitised, PPC in general uses mostly reactive and preventive maintenance 

according to vendor recommendations and local expertise from each plant. The company 
is also undergoing digitisation in general and has a digitisation strategy that aims to collect 

all operational data both from thermal and hydropower plants and make them available 

under the same system.  
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Since the main subject of use case #1 is condition 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 locations where such 

sensors could potentially be placed. The details regarding the sensors that will be 

developed by CERTH are explained in section 4 and 5. However, the objective is to create a 
low power sensor node that would carry Acoustic emission (AE) sensors, accelerometer, 

magnetometer, temperature, gyroscope and an analogue elastic micro displacement 

sensor (crack meter). The purpose of this sensor node would be to detect abnormal 

behaviour or failure of machinery and through the use of the predictive algorithms 

(described in section 5.2), implemented by ATLANTIS, to predict potential failures before 

they occur.     

 
According to the plant director the following areas were identified for future potential 

instrumentation: 

¶ Penstock valve (see Figure 3). During the visit one of the two penstock butterfly 

valves could not close. Hence, it was deemed as a suitable location where sensors 
could be placed, taking signals from both penstocks (faulty and non-faulty).  

¶ Actuators system for Francis turbineӐK >AFK ( Figure 4)  

¶ Oil pressure unit (Figure 5)  

¶ Water distribution motors (Figure 6) 

¶ Electrical substation (Figure 7) 
 

 
Figure 3. Ilrionas HPP penstock and valve. 
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Figure 4. Actuator  system for Francis turbine guide vanes. 

 

 

Figure 5. Oil pressure unit  
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Figure 6. Motors for water distribution  

 

 
Figure 7. Electrical transformer substation  

In terms of underwater inspections using a remote operated vehicle (ROV), supplied by 
CERTH, two ideal locations were indicated as areas of interest: 

1. Inlet trash rack. The trash rack may get clogged with debris and requires inspection 

2. Cement embankments at the tailwater side can get eroded and require inspection 
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Figure 8. Trash rack inlet location of Ilarionas HPP 

In addition, going beyond the agreed activities in the Di-Hydro Grant Agreement, CERTH will 
use its newly acquired quadruped Spot robot from Boston Dynamics in order to carry out 

inspections at the Ilarionas HPP. The robot will be used to carry out inspections (i.e. optical 

or thermal) (potentially on locations that require human intervention, frequent 
measurements etc.) of key equipment/infrastructure, as a proof of concept for their use in 

such applications, as observed in literature (Energy Robotics, 2021). Also, the use of this 

robot will investigate the potential difficulties of implementation of such robotic systems 

in a fully operational HPP environment.  
 

 

 
Figure 9. Boston Dynamic Spot quadruped robot 
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The Ilarionas HPP emerges as the prime candidate for creating a digital twin (DT) among all 

the HPPs participating in the Di-Hydro project. Notably, Ilarionas is the sole power plant 
capable of supplying the essential data required for the development of this digital twin. 

 

Several key factors contribute to this suitability. Firstly, Ilarionas 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 precisely replicating the 

HPP's physical systems are already captured on-site. Furthermore, the availability of 

historical data in a digital format proves invaluable for both developing and testing the DT's 

accuracy. Finally, Ilarionas' status as a new facility equipped with modern 

electromechanical systems presents a significant advantage. These systems can be more 

accurately represented within a DT, empowering engineers to monitor, analyse, and 
optimize the HPP's performance in a simulated environment. 

 

3.1.2 Thisavros HPP- 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 Plant uses water from a reservoir created in the course of the Nestos River in the 
mountainous region of Drama (Latitude 41°21'16.00" N ӛ Longitude 24°22'1.00" E). The 

rock-fill embankment dam that forms the reservoir is the tallest dam in Greece, with a 

height of 172 m, a net head of 154 m, a length of 480 m, and a total volume of 12 million m3. 
The reservoir (artificial lake) covers a surface area of 16 km2, has a total volume of 677 

million m3 of water, and a useful volume of 563 million m3. The 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 an installed capacity of 375 MW using 

three Francis turbines of 125 MW each. The discharge of 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 32 m3/s. It 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 10.$JGFL NA=O G> 2@AK9NJGK 

 

 
Figure 11. Top view of Thisavros 

Table 3. General description of Use case #1- Ilarionas HPP 

Table 4. General information  for  use case #2 

Use case # 2 
Use Case title Thisavros HPP use case 
Responsible 
partner  

PPC 

Other partners 
involved  

CERTH, ATLANTIS 

Use Case location Thisavros HPP, Drama, Greece 
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Potential context  Condition monitoring (CM) and structural health monitoring (SHM), 

underwater inspections. 
 

Thisavros HPP is also another PPC plant which is digitised. Use case #2 activities will be 

potentially related to condition monitoring/ structural health monitoring, predictive 
maintenance as well as underwater drone inspections. 

 

CERTH and ATLANTIS AF;DM<AF? ..! E=E:=JK @9N= ;9JJA=< GML 9 L=;@FA;9D NAKAL LG ..!ӐK 

Thisavros plant in order to understand the needs of this specific plant and how it differs 

from the other plants, KAF;= AL AK GF= G> LOG ..!ӐK HMEHed storage plants in Greece, making 

it more unique but also more difficult to apply technologies. Specifically, this plant is more 

difficult for maintenance due to providing water to the Platanovrisi HPP downstream as 
well its requirement for continuous availability for pumping water upstream to alleviate 

grid overloads from other renewable sources or low electricity demand times. 

  
Discussions with the plant director indicated that CM/SHM monitoring and predictive 

maintenance can mostly be carried out on electromechanical equipment of the plant. 

Compared to Ilarionas HPP the needs of this plant are aligned, however they were not the 

same. According to the technical staff, potential locations for sensorisation and monitoring, 
using !#02&ӐK K=FKGJ FG<=are listed below: 

 

¶ Penstock flanges showed signs of wear but their repair was not option due to the 
TSO requiring that the plant is always available for pumped storage operations (see 

Figure 12). 

¶ Oil pressure system motors for controlling the Francis turbine guide vanes (see 

Figure 13). 

¶ Air compressor units (see Figure 14). 

¶ Water pumping system motors (see Figure 15).  

¶ Partial discharge on stator windings causing deterioration of the insulation coating. 

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

taken from the transformer and analysed by a lab.  

 



 

D 1.2 | Requirements, Tools & Definitions|Version 1| Public 

  

 

 

2@AK HJGB=;L @9K J=;=AN=< >MF<AF? >JGE L@= #MJGH=9F 3FAGFӐK J=K=9J;@ 9F< AFFGN9LAGF HJG?J9EE= &GJARGF

Europe under the grant agreement No. 101122311ӄ 2@AK <G;ME=FL J=>D=;LK GFDQ L@= 9ML@GJӐK NA=OӅ 9F< L@=

Commission is not responsible for any use that may be made of the information it contains. 

 

Page 25 of 102 

 

 
Figure 12. Penstock spherical valve and flange 

 
 

 
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 the three transformers at Thisavros HPP 

 

In terms of underwater inspections, the water intake tower was identified as the main 

priority in order to evaluate the condition of the trash racks around the intake tower.  
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Figure 17. Mockup of the water intake tower  

 
3.1.3 Pournari HPP use case #3 

 

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

 

Pournari I Hydroelectric Power Plant uses water from a reservoir created in the course of 

Arachthos River near the town of Arta, Western Greece (Latitude 39°11'10.01" N ӛ Longitude 

21° 1'18.68" E). The earth-fill embankment dam that forms the reservoir has a height of 88 

m, a net head of 79 m, a length of 580 m, and a volume of 9 million m3. The reservoir covers 

a surface area of 20.6 km2, has a volume of 730 million m3, and a useful volume of 303 million 

m3. The power plant capacity is 300 MW and consists of three 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 water with three water gates and a discharge of 6100 m3/s. The 

river can supply the hydropower plant with an average water supply volume of 47 m3/s. 

Furthermore, the first year of production was in 1981. 

 

The Pournari II 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 a 2-kilometer-long and 15-meter-
high earthen dam on the left bank and a 130-meter-long concrete overflow dam 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 the HPP is 333.6 MW. 

 

 
Figure 18. Side view of Pournari I 
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Figure 19. Top view of Pournari I-II 

 
Table 5. General information about use case #3 

Use case # 3 
Use Case title Pournari HPP use case 
Responsible 
partner  

PPC 

Other partners 
involved  

CERTH, ATLANTIS 

Use Case location Pournari HPP, Arta, Greece 
Potential context  Biofouling, condition monitoring, underwater inspections  

 
Pournari HPP is the oldest and least digitised of the three plants participating in the Di-

Hydro project. Plans for digitisation of this HPP are already within PPC plan. Use case #4 

activities may potentially be related to biofouling prevention, predictive maintenance or 
and underwater inspections. 

 

CERTH has ;9JJA=< GML 9 L=;@FA;9D NAKAL LG ..!ӐKPournari plant in order to understand the 

needs of this specific plant and how it may differ from the other plants. Discussions with the 
HD9FLӐK L=;@FA;9D KL9>>, indicated that the main failures of the plant were more attributed to 

mechanical equipment than hydraulics or electrical. Also, the fact that the unit was older 

had its own merits because mechanical faults were easy to fix according to the technical 
staff. The following assets were identified as potential locations for carrying out pilot 

activities (CM, antibioufouling or underwater inspections): 
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¶  Water pipes: Biofouling issue was detected to be more severe in Pournari II where 

invasive solutions were taken for removing micro-organisms like mussels from pipes 
and heat exchangers. At Pournari I the issue was not so common. However, smaller 

pipes where water circulates, may also get clogged from micro-organisms (see 

Figure 20). 

¶ Link rods that change the 9F?D= G> L@= LMJ:AF=ӐK ?MA<= N9F=K: A hydraulic system 
shown on Figure 21 left side is responsible for actuating a hydraulic ram4 that is 

connected to the main control ring  (right side of Figure 21). This green ringӐK DGO=J

surface is then connected with link rods to the guide vanes. The link rods have pins 

which in some cases may become loose or defective, leading to vibrations in the 
turbine and extreme noise transmitted throughout the facility. The lack of a 

monitoring system on this part of the turbine, means that the technical staff will 

need to check individually each of these pins and connecting rods, to identify the 
locations of the fault. 

¶ Vibrations in bearings: Lack of vibration sensors on guide bearings and thrust 

bearing of the generator unit means that there is no monitoring of vibrations which 

in turn depending on the loads exerted on the turbine may cause excessive wear and 
tear or failures on various parts. A generic scheme for the locations of the guide and 

thrust bearings is shown in Figure 22. 

¶ Potential underwater inspections could be carried out at the water intake tower and 

the bottom outlet unit ( Figure 23 and Figure 24). The latter is a tower structure 

located at the dam side and is connected to a tunnel that leads to the bottom 

reservoir. This unit although it has not been used, it can drain the catchment 

reservoir to a much lower level. 
 

 

 

 
4 There 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  

 

 
Figure 21. Hydraulic system for changing the angle of LMJ:AF=ӐK ?MA<= N9F=K. Main hydraulic cylinder  

(left) that rotates the control ring for the wicket gate  through the link rods (right)  
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Figure 22. Guide bearingKӐ and thrust bearing locations  

Source: Kong et al. (2022;5) 

 

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

 

3.1.4 PPC HPP cluster use case #4 

 
Use case # 4 
Use Case title HPP cluster use case 
Responsible partner CERTH 
Other partners involved  PPC 
Use Case location Ilarionas HPP, Thisavros HPP, Pournari HPP 
Context Electrical grid simulation for the integration of the 

three HPPs into the electrical grid as a cluster. 

 

..!ӐK &..K N9JQ AF L=;@FGDG?Q <M= LG <A>>=J=F;=K AF Q=9J G> AFKL9DD9LAGFӄ 2@=Q E9F9?= 9

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 

quantity that PPC manages is 8 bil. m3 9F< L@= F=L 9;LM9D KLGJ9?= ;9H9;ALQ G> ..!ӐK

reservoirs is 5.73 bil. m3 equivalent to 3.35 TWh. Pumped storage plant in Thisavros is used 
for storage of night-time surplus production and peak-shaving when necessary. 

 

The technical specifications of the three ..!ӐK &..K 9J= DAKL=<in Table 6.    
 

Table 6. Technical description of the three PPC HPPs 

 Ilarion  Thisavros Pournari I 

Installed Capacity 155.3 MW 375 MW 300 MW 

Turbine type Francis Francis Francis 

Num. of Turbines 2 x 76.5 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 
power plant 

Rockfill- Pumped 
hydropower storage 

Earthfill-storage 
power plant 

Dam Volume 8 Mm3 12 Mm3 9 Mm3 

Dam Height 130 m 172 m 88 m 
Dam Length 540 m 480 m 580 m 

Water Capacity 402 Mm3 677 Mm3 730 Mm3 

Useful Capacity 320 Mm3 565 Mm3 303 Mm3 

First year of prod. 2014 1997 1981 

Spillway 1 6210 m3/s  

Length: 761 m 

6000 m3/s 

Length: 650 m 

6100 m3/s 

Length: 687 m 

Spillway 2 6210 m3/s 
Length: 650 m 

6000 m3/s  

Spillway 3  6000 m3/s  

Discharge tube 749 m - - 
Penstock 557 m - - 

Draining 772 m - - 

Average River 

Water Supply 

34.1 m3/s 32 m3/s 47 m3/s 

Average Yearly 

Water Intake 

1029 Mm3 1015 Mm3 1469 Mm3 

Reservoir 
Minimum 

Operation Level 

366 m 320 m 100 m 

Reservoir 
Maximum 

Operation Level 

398.5 m 380 m 120 m 

Reservoir 

Maximum Level 

402 m 385.8 m 128 m 

 

Use case #4 involves the use of !#02&ӐK AF-house INTEMA electrical grid simulator to study 

the optimal integration of the HPP cluster into the grid. INTEMA supports the dynamic 
KAEMD9LAGF G> HGO=J ?JA<KӅ KLM<QAF? LJ9FKA=FL H@=FGE=F9 9KKG;A9L=< OAL@ =9;@ HD9FLӐK

operation. To this end, the INTEMA model library encompasses sophisticated models for 

turbine governors and excitation systems, transformers and lines. An example of IEEE 14-
Bus System representation within INTEMA graphical user interface is presented in Figure 

25. In the context of Di-Hydro, customised HPP models will be developed exploiting the 

advantages of sophisticated open-source Modelica libraries e.g. OpenHPL (2023) for the 

J=HJ=K=FL9LAGF G> 9DD F=;=KK9JQ KM:KQKL=EK 9F< L@= 9<GHLAGF G> HJGB=;LӐK KH=;A9D F==<Kӄ 
 

For use case #4, INTEMA will assess the grid flexibility performance of the 3 PPC clustered 

HPPs. A numerically reduced-order 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 integration 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 frequency regulation to 

balance supply and demand, voltage control to maintain proper voltage levels, spinning 

and non-spinning reserves for backup power, black start capability to restore service after 

a blackout, and load following to adapt to daily demand changes. These 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.  
 

 
Figure 25. IEEE 14 bus system representation with INTEMA 

 
 

3.2 A2A- Use case 5 

 

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

the Di-Hydro HJGB=;L AK L@= ӑ%=F=J9LAGF 9F< 2J9<AF?  MKAF=KK 3FALӒӄ Ґ GOFK 9 EMDLALM<=

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 about 2 GW, 

while the total RES power plants capacity is roughly 3 GW. Switching to fossil fuels, the 

thermoelectric capacity is over 7 GW. The programmable hydroelectric power 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 Di-Hydro project with 2 power plants, with an installed power of 

Ґґғ +5ӄ 2@= ӑ$JAMDA HD9FLKӒ :JAF? LG?=L@=J L@= @Q<JG=D=;LJA; HGO=J HD9FLKӅ DG;9L=< AF $JAMDA
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Venezia Giulia, a region in the North-eastern part of Italy, that uses the 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 the 30th March 1948 and was 

inaugurated on the 27th May 1948. Furthermore, the Somplago plant became operational 
on 25th October 1958.These two main facilities are the Somplago and Ampezzo plants as 

shown in Figure 26. 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 1- Technical specification of A2A- Friuli  and deliverable D1.1. 

 

 
Figure 26. Location of Friuli hydropower plants  

 
Table 7. General information about use case #5 

Use case # 5 
Use Case title A2A Friuli HPPs use case 
Responsible 
partner  

WATERJADE 

Other partners 
involved  

A2A, MAS 

Use Case location Friuli Venezia Giulia, Italy 
Context Inflow forecasts, production planning, plant optimization 

 

Concerning this use case, 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 better 

predict the water inflow both for short term (daily/weekly) and long term (seasonal, 

months, years). In particular, short-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 A2A use 

case is that the forecasts are based on observational data (short term) and average seasonal 

data (long term), but the aim is to have hydrological-based algorithms which assist the 

forecast skill, both in short and long term. To reach this objective, Waterjade will set up for 

Ґ L@= ӑ"A?AL9D 2OAF G> L@= ;9L;@E=FLӒӅ O@A;@ AK 9modelling architecture that can 

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 account the presence of anthropogenic activities 

such as dams or intakes operated by A2A. The configuration of the DT (in this paragraph, DT 

KL9QK >GJ ӑ"A?AL9D 2OAF G> L@= ;9L;@E=FLӒӧ KL9JLK OAL@ L@= ?=GEGJH@GDG?A;9D =PLJ9;LAGF Ӧ>JGE

the Digital Elevation Model or 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, plants and other possible elements). The following step of the configuration is the 

hydro-meteorological data collection from on-site 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 hydrological model 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 phase, the DT is set to 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, as previously specified. 

 

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 cross-section of the Tagliamento 

river. This sensor is the micro-KL9LAGF ʩ426-2.1 produced by vorteX-io, a French company 

specialized in water monitoring through remote sensing. This type of non-invasive sensor 
(whose technical specifications are described in 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 one of the uppermost parts of its catchment. 
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Figure 27ӄ 1;@=E9LA; J=HJ=K=FL9LAGF G> L@= AFKL9DD9LAGF G> 9 ʩ426-2.1 sensor on a bridge (left) and the 

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, as well as enhancing the quality of the calibration itself. 

 
 

3.3 EPS- Use case 6  
 

The basic activities 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=  J9F;@ O9K >GMF<=< AF ҐҎҎҔ AF  9BAF9  9ǂL9Ӆ 9K 9 :J9F;@ >GJ =D=;LJA;

power generation, comprised of: 

a) &.. #D=CLJGEGJ9N9Ӆ q9Ŕ9CӅ 

b) HPP Zvornik, Mali Zvornik, 

c) &.. 9F< .1.  9BAF9  9ǂL9Ӆ .=JMŒ9; Ӧ&..  9BAF9  9ǂL9 9F< .MEH 1LGJ9?= .D9FL

 9BAF9  9ǂL9ӧ 9F< 

d) *AEKC= &..Ӆ ,GN9 49JGǂ Ӧ&.. 3N9;Ӆ &.. )GCGF  JG<Ӆ &..  AKLJA;9 9F< &..

.GLH=Œӧ 

 

Total installed capacity of Drinsko-Limske Hidroelektrane equals 1390 MW. Average annual 
GMLHML AK ґӅґҐҐ :ADDAGF C5@Ӆ GML G> O@A;@ ґҕ %5@ AK ?=F=J9L=< :Q L@= &.. +=řMNJǂB= ӦH9JL G>

HPP Elektromorava) which is participating in the Di-Hydro project. 

 
&.. +=řMNJǂB=that O9K :MADL GF L@= 5=KL +GJ9N9 JAN=J AF L@= -NŔ9J-Kablar gorge, started 

its operation in 1955 while a complete revitalisation was finalised in 2010. 
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Figure 28ӄ .GKALAGF &.. -NŔ9J 9FB9 9F< &.. +=řMNJǂB= AF L@= -NŔ9J-Kablar gorge 

 

 

Figure 29ӄ +=řMNJǂB= HPP 

 

+=řMNJǂB= D9C= @9K NGDME= G> ҏҖ EADDAGF E3 when it was built in 1954 with a maximum water 

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 m3. In the meantime, the volume of reservoir 

has been significantly reduced. Catchment area for 5=KL +GJ9N9 0AN=J MFLAD &.. -NŔ9J

Banja are 3.155 km3ӄ &.. +=řMNJǂB= @9K LGL9D AFKL9DD=< <AK;@9J?= ғґ.25 m3/s and average 

flow of the river West Morava is approx. 34.35 m3/s. Further, technical specifications about 

the plant can be found in APPENDIX 2- Technical specifications of EPS- +=řMNJǂB= &...  
Table 8. General description of Use case #1- Ilarionas HPP 

Use case # 6 
Use Case title Digital sensing for environmental and socio-economic modelling 

Responsible 
partner  

EPS 




























































































































