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The project D-HYDROFLEX - Digital solutions for improving the sustainability performance and FLEXibility 
potential of HYDROpower is funded through the European Union's HORIZON Research and Innovation 
Action under the topic HORIZON-CL5-2022-D3-03-08/Development of digital solutions for existing 
hydropower operation and maintenance and responds to the Call HORIZON-CL5-2022-D3-03/Sustainable, 
secure and competitive energy supply.

The European energy system is undergoing a significant transformation: decarbonization, security of supply, 
deployment of renewables and their integration into the market, generating significant opportunities and 
challenges for energy stakeholders. Despite all energy efficiency efforts, overall demand for decarbonized 
electricity is set to be significantly higher in 2050 than today due to the decarbonization of the heating, 
cooling, transport and many industrial sectors, which can only be achieved via efficient and smart 
electrification. 

Hydropower is a key technology in supporting the European pathway to a decarbonized energy system and 
to achieving global leadership in renewable energy generation. It consists of a renewable and highly 
sustainable electricity resource and can supply the European power system with stability and valuable 
flexibility. In addition, hydropower reduces the 
benefits for society in the river basins such as support to irrigation, water supply and flood control. 

The D-HYDROFLEX project aims to advance excellence in research on digital technology for hydropower 
paving the way towards more efficient, more sustainable, and more competitive hydropower plants in 
modern power markets.

To this end, D-
plants based on sensors, digital twins, AI algorithms, hybridization modelling (power-to-hydrogen), cloud-
edge computing and image processing. 

The core pillars of the project are: 
digitalization, (i.e., digital twins for hydro dams and machinery, weather and flow forecasts, cyber 
resilience tools),
flexibility, (i.e., coordination with hydrogen, storage and VPP operation) and 
sustainability, (i.e., biodiversity and environmental indicators monitoring). 

Validation will take place in 7 hydro plants operated by EDF (France), TEE (Poland), PPC (Greece), TASGA 
(Spain) and INTEX (Romania), covering different geographical areas of Europe.

D-HYDROFLEX is a 36-month long project started in September 2023.
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This report documents the characteristics of each D-HYDROFLEX pilot site with information on the 
available assets and the key technical components which will be used for each demonstrator. In addition, 
this deliverable presents the development and deployment plans for each demonstrator, as well as the 
D-HYDROFLEX evaluation strategy along with an initial list of KPIs that will be used to assess the 

.

A summary of the demonstration characteristics is presented in the table below:

Demo HPP Area Tools developed within D-
HYDROFLEX project Data needs

Odra River, ca. 
30 km down the 
river from 
Wroclaw

Digital Twin - HYDROFLEX 
Twin Integration Network 
(HYDRO-
Hydrological Modeling and 
Prediction (HYDRO-HMP)
Predictive Vibration and Insight 
Logger (HYDRO-PVIL)
HYDROFLEX Visualization 
System (HYDRO-VIS)

Operational parameters
Efficiency curves
Hydrological data
Precomputed CFD results
CAD Geometric data
Vibration and 
temperature data

Bratia

Bratia river, 

Muscel locality, 

Decision support tool for hybrid 
HPPs (HYDRO-SDS)
Weather and flow forecasting / 
Rainfall-runoff forecasting 
(HYDRO-WFF)
Fault detection and predictive 
maintenance system (HYDRO-
PREDICT)

Production data
Alarm messages

Salto de 
Touro

In Ulla River,
Touro area

Aging and degradation 
forecasting (HYDRO-DEFM)
H2 decision support model 
H2-DSM (HYDRO-H2DSM)
Energy forecasting model 
(HYDRO-EFM)
Decision support tool for hybrid 
HPPs (HYDRO-SDS)
Weather and flow forecasting / 
Rainfall-runoff forecasting 
(HYDRO-WFF)

Turbined flow
Specific speed
Water head
Number of blades
Pitch control
Turbine rotation speed
Input voltage
Input current
Energy efficiency
Operating temperature
Operating pressure
Water flow rate
Water purity
Current/voltage ratio
Energy sale prices
River flux
River air basin
Plant coordinates
Solar radiation
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Mauzac
Dordogne 
River, SW of 
France

HYDRO-Recofish Acoustic videos
River Flow

Ilarionas
Aliakmon River, 
Northern 
Greece 

Dam Digital Twin (DAM-
Dam geometric digital model 
creation (DGDT)
HYDRO-FBOX

OT network traffic data
Geometric Data
Non-Geometric Data
Management 
Information
Sensor Data
Standard Data Models 
and Repositories
Interfaces and Data 
Exchange Formats
Process Descriptions
Condition Monitoring 
Data
AI and ML Data 
Requirements

Platanovr
isi

Nestos River, 
Northern 
Greece 

An overview of the D-HYDROFLEX deployment plans per demo is illustrated in the figure below:
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Finally, the demo outcomes and main impact areas have been mapped:

Demo Outcome

Polish

Optimising the economic effect of the turbine set operation.
Predictions for selected elements in order to increase the availability of the turbine set.
Supporting the development of scenarios and decision-making processes to ensure the 
continuity of business and technological processes of the turbine set.

Romanian

Increasing smart readiness of the HPP for operation and preventive maintenance 
purposes.
Readiness for hybrid future connection with other RES sources and/or VPP.
Readiness for integration & operation into local smart grids.

Spanish Increasing the knowledge of hybrid power plants in small hydro RoR facilities 
specifically related to the combination of H2 with other RES technologies.
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Model algorithms for hybrid RoR plant operation with expected increase of the 
operation flexibility.
Monitoring of environmental parameters for hydro plant operation and reporting by 
implementation of additional sensoring and algorithms.
Facilitation market penetration of H2 technology in combination with other RES in 
small hydro power plants and contributing to energy targets.
Improvement of environmental and economic sustainability of existing RoR power 
plants.

French

Increasing the HPP performance regarding hydropower production while lowering its 
environmental impact.
Providing information on the migration dynamic fish species, such as salmon, eel, shad.
Optimization of the protection measure, such as turbine management of installation 
temporary scientific devices (additional bypass or trap and truck).
Increasing the knowledges on the dynamics of the fish migration: migration season, 
environmental triggers of the migration.

Greek
Increasing the HPP resilience by detecting intrusions in an early stage.
Proposing data standards for digital dam management for operations and 
maintenance.
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1.1 Rationale of the study

D-
based on sensors, AI algorithms, hybridization modelling (power-to-hydrogen), cloud-edge computing 
and image processing. This toolkit will feature digital twins, decision support systems, advanced 
forecasting models, biodiversity index monitoring and intrusion detection mechanisms. Moreover, a 
cloud-based monitoring and diagnostics centre (M&D center) will be developed providing plant 
operators with remote, real-time insights into overall plant operations, sources of unplanned downtime 
and process inefficiencies. 

The validation of the D-HYDROFLEX toolkit will take place in 7 hydro plants operated by EDF (France), 
TEE (Poland), PPC (Greece), TASGA (Spain) and INTEX (Romania), covering different geographical areas 
of Europe. More specifically, the Polish demonstratio
Romanian in Bratia plant, the Spanish in Salto de Touro plant, while the Greek demonstration will be 
carried out in two plants Ilarion and Platanovrisi. Finally, the French demonstration will be carried in 
Mauzac plant, while Selune river will be used as an additional study site. 

In this context, this report documents the characteristics of each D-HYDROFLEX pilot site and the 
respective development and deployment plans for each one, setting the basis for a structured approach 

nd their progress monitoring.

1.2 WP6 objectives and dependencies

Work package 6 (WP6) in D- -
aims to administrate the overall evaluation of the D-HYDROFLEX toolkit by carrying out five 
demonstration campaigns and assessing their results. Throughout its duration, WP6 will closely interact 
with WP5 focusing on tool development to enable the collaborative development of the D-HYDROFLEX 
components along with the services that are developed by hydropower plant operators to interact with 
the D-HYDROFLEX toolkit.

development cycle of D-HYDROFLEX tools supporting the demonstration activities. To this end, it 
characterization by mapping the solutions chosen for specified products, 

IT solutions and plant operations. This task will be supportive towards demos defining the evaluation 
methodology, templates for evaluations and support on data gathering and analyses at demo level. 
Moreover, it will continuously provide recommendations to WP4 and WP5 for the D-HYDROFLEX toolkit 

1.3 Structure of the deliverable

This report documents the characteristics of each D-HYDROFLEX demonstrator by mapping their 
resources characteristics and developed IT solutions and key technical components. It also presents the 
deployment,
strategy that will be followed in the project.
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First, Chapters 2 to 6 describe the pilot areas and the use cases that will be tested in each area, as well as 
the key technical components of each demonstrator. Each Chapter focuses on a different demonstrator.
Although there is a brief mention of the use cases, it should be noted that a detailed description of the 
use cases and the scenarios tested under each use case is included in D-HYDROFLEX deliverable D3.2 [1].

Then, Chapter 7 describes the timelines of the activities of each demonstrator and is followed by Chapter 
8 that presents the D-HYDROFLEX evaluation methodology and an initial list of metrics to be used for 

t. Finally, the work of Task 6.1 is concluded in Chapter 9.
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This chapter provides an overview of the Polish demo activities, describing the use cases to be tested and
the pilot site area and listing the technical components that will be used in the demonstration.

2.1 D-HYDROFLEX use cases to be tested in the Polish Demo

The first demonstrator of the project is located in Poland. It is a run-of-river (RoR) hydro power plant and 
the demonstration activities in this plant will test UC#1:

UC#1: Predictive maintenance and operational efficiency maximization in HPPs: 

In this use case, the focus is on leveraging the D-HYDROFLEX system to predict maintenance needs and 
maximize the efficiency of HPP operations. Key components of the D-HYDROFLEX system include 
digital twins, hydrological modelling tools, fault prediction tools, and CFD (Computational Fluid 
Dynamics) simulation tools. These components work together to provide real-time insights, predictive 
analytics, and decision support capabilities.

The system will be tested using two key performance indicators (KPIs):

Turbine Maximum RMS (TMRMS) will monitor the vibration levels across the turbine, taking the 
maximum RMS value from all measurement points over a specified period. The target is to maintain 
TMRMS below 4.0 mm/s, in accordance with ISO 10816-5 standards. This will help identify potential 
mechanical issues early, supporting predictive maintenance efforts.

The metric Power Potential Utilization (PPU) will be used to measure the efficiency of power generation 
by comparing the generation potential (TG) with the actual generation level (AG), adjusted for the 
hydrological potential (HG). The system aims to achieve PPU values above 50%, ensuring optimal 
utilization of available water resources and improving overall plant performance. This KPI will help 
operators assess and maximize generation efficiency while minimizing energy losses.

The main drivers of this demonstration, as well as the respective boundaries, are:

Table 1: Drivers and boundaries of the Polish demonstrator

Drivers Boundaries

Optimising the economic effect of the 
turbine set operation

Regulatory/Legal:
The system focuses on internal efficiency, such as 
optimizing guide vanes and turbine blades, but external 
factors like market energy prices, water management 
regulations and grid code demands are externally imposed.

Increasing the availability of the turbine 
set based on predictions for selected 
elements

Business/Technical:
The system predicts maintenance needs for monitored 
components based on vibration and temperature data. 
However, availability is limited by the accuracy of the 
models and unexpected failures in unmonitored elements. 

Supporting the development of scenarios 
and decision-making processes to ensure 

Business/Technical:
The system aids decision-making by providing data-driven 
insights, but its effectiveness is limited by the quality of 
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the continuity of business and 
technological processes of the turbine set

available data and does not account for external business 
risks.

2.2 Description of the demo area and the demonstration sites

includes a pound lock with access for shipping, a five-span mobile weir for water flow and water level 
regulation, a run-of-the-river hydro plant and a fish passage chamber. TEE has the authority of the HPP 
only.

Figure 1: HPP location

Figure 2: 
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is a navigation and power generation barrage; the navigation part is under the 

operated by TEE.

Table 2: characteristics

General characteristics

Year of operation 66 years, in operation since 1958

Recent renovations general overhaul of turbine set TZ1 and turbine set TZ4

Type of plant Run of the river HPP

Annual production 45000 MWh

HPP installed capacity 10 MW

Number of turbines/type of turbines 4 Kaplan turbines manufactured by CKD, 2430 kW each

Number of generators 4 synchronous generators

Volume of water managed/ inflows/ 
outflows

nominally 4x60m3/s

Capacity of reservoir, if any no reservoir, no authority by TEE for water level regulation

No of employees 6 technicians in total, permanently 1 on duty

Figure 3: HPP interior

2.3 Key technical components & data needs

The key hardware components that will be used in the Polish demo are:

Differential pressure gauge For measuring the flow rate.
Pressure transmitter (transducer) For top water level measurement.
Pressure transmitter (transducer) For bottom water level measurement.
Rotational speed sensor For measuring the rotational speed.
Linear resistor For measuring the angle of the Kaplan turbine blade position.
Linear resistor For measuring the opening angle of the steering apparatus (guide vanes).
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Electrical meters for the generator For measuring electrical quantities such as currents, 
voltages, active power, and reactive power.
Temperature sensor For measuring the temperature of the hydro system (Kaplan turbine and 
generator).
Vibration measurement and analysis system For monitoring and analysing vibrations in the 
hydro system.

The key software components that will be used in the Polish demo are:

Tools developed in the framework of the project
o Digital Twin - HYDROFLEX Twin Integration Network (HYDRO- )
o Hydrological Modelling and Prediction (HYDRO-HMP)
o Predictive Vibration and Insight Logger (HYDRO-PVIL)
o HYDROFLEX Visualization System (HYDRO-VIS)

Python Libraries: NumPy, Pandas, Plotly, Dash, TensorFlow
CFD Tools: OpenFOAM,
LINUX

The main datasets that will be used for the demonstration activities are:

Table 3: Polish demonstrator datasets

Dataset Description Availability

Operational parameters

Real-time and historical data 
such as flow rate, water levels, 
rotational speed, electrical 
power output (and other 
electrical measurements), 
turbine blade angles, and guide 
vane blade angles. 

This data is not yet available; all systems 
should be operational by Q3 2025.

Efficiency curves

Predefined efficiency model 
curves for comparison with 
real-time operational 
efficiency. 

The curves are based on CFD simulations. 
Once measured data becomes available, 
these curves will be updated.

Hydrological data
Real-time and historical river 
flow rates, water levels, and 
weather conditions.

This data is currently available (sourced 
from IMGW [2]).

Precomputed CFD 
results

Pre-simulated data on water 
flow, velocity profiles, 
turbulence zones around the 
turbine, pressure distributions, 
efficiency, and flow interaction 
with turbine components.

Simulation results are partially available 
but are still being expanded.
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CAD Geometric data CAD model data used for 
generating CFD meshes. 

While most components, including the 
inlet, guide vanes, spiral casing, and the 
draft tube, are based on existing 
documentation, the turbine blade model 
is still missing. For now, a virtual Kaplan 
turbine designed for WPP operational 
parameters is being used. The missing 
model will be obtained through 3D 
scanning during the turbine renovation, 
scheduled for Q2-Q3 2025. Additionally, 
all existing models will be validated to 
ensure accuracy before further CFD 
simulations.

Vibration and 
temperature data

Real-time vibration and 
temperature measurements 
from key mechanical 
components of the turbine. 

The historical data for the last two years 
are available.
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This chapter provides an overview of the Romanian demo activities, describing the use cases to be tested 
and the pilot site area and listing the technical components that will be used in the demonstration.

3.1 D-HYDROFLEX use cases to be tested in the Romanian Demo

The second demonstrator is a run-of-river (RoR) hydro power plant located on Bratia River in 
county, Romania. In the pilot site two the following use cases will be tested:

UC#1: Predictive maintenance and operational efficiency maximization in HPPs: 

The UC#1 efficiency maximization of HPP will be tested at BRATIA level based on the real-time data 
supplied by the upgraded monitoring infrastructure. The operational and maintenance suggestions will 
be sent to HPP BRATIA, to apply them locally in real-time operation. Due to safety concerns, the D-
HYDROFLEX solution will be directly connected with HPP BRATIA only for real-time data acquisition 
purposes, not for real-time control and operation purposes.

UC#

The UC#4 increasing HPP readiness level will also be tested in the BRATIA HPP. The main objective will 
be to maximize the plant revenue using market information. The HPP will be assumed to be integrated 
into a local smart grid. Thus, when required, an extra condition will be required for the plant that includes 
covering the electrical needs from the grid. Moreover, a photovoltaic plant (PV) is assumed to be 
connected to the same local smart grid, which energy output will need to be considered when covering 
the energy need from the local grid requirements.

The main drivers of this demonstration, as well as the respective boundaries, are:

Table.4: Drivers and boundaries of the Romanian demonstrator

Drivers Boundaries

Increasing smart readiness of the HPP for 
operation and preventive maintenance purposes

Business technical:
Safety concerns about real-time control and 
operation of HPP.

Readiness for hybrid future connection with other 
RES sources and/or VPP

Regulatory/Legal:
Local regulation prohibits the creation of VPP.

Readiness for integration & operation into local 
smart grid

Business technical:
Lack of smart grids in the HPP area.

3.2 Description of the demo area and the demonstration sites

county, Romania. Bratia 
hydro power plant is a river flow HPP that has 1,56MW installed capacity. The hydropower development 
is a derivation type, with medium fall, operated by taking over and compensating the natural flow of the 
Bratia river. 
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Figure 4:Bratia HPP location

Figure 5: Bratia HPP exterior

Bratia HPP has two Pelton turbines with an installed capacity of 503kW and 1087kW each and has a 
4.000m supply pipeline, with an approx. 250m level difference. The grid connection is done via a 10km 
medium voltage cable to the nearest power station and the energy is supplied to the grid via a 2.000kVA 
20/0,4kV transformer onsite.

Table 5: Bratia HPP characteristics
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General characteristics

Year of operation in operation since 2013

Recent renovations Not applicable

Type of plant Run of the river HPP

Annual production 4,55 GWh

HPP installed capacity 1,56 MW

Number of turbines/type of turbines 2 Pelton turbines, with installed capacity of 503kW 
and 1087kW respectively

Number of generators 2 generators: Three-Phase Synchronous Alternator

Volume of water managed/ inflows/ outflows DN800 water supply

Capacity of reservoir, if any Not applicable

No of employees 3 

Figure 6: Bratia HPP interior

3.3 Key technical components & data needs

The key hardware components that will be used in the Romanian demo are:

MAIN SYSTEMS HPP BRATIA
CINK hydro turbines T1 - TP-H-820-080-2 T2 - TP-H-650-050-2

Hnet 236,6m 242,3m
Qi 550 l/s 250 l/s
Pt 1142,5kW 532kW
n 750 min-1 1000 min-1
Pg 1087kW / 1385kVA 503kW / 643kVA
CINK 3phase Synchronous Alternator T1 - SE 500 LL8 T2 - SE 450 S6
Rated power 1250kW / 1389kVA 579kW / 643kVA
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Voltage 400V 400V
Current 2005A 928A
Frequency 50Hz 50Hz
Rating S1 S1
Power factor 0,9 0,9
Speed 750rpm 1000rpm

AUXILIARY SYSTEMS HPP BRATIA
SIEMENS coupling T1 Flender coupling RUPEX RWN 

560
T2 Flender coupling RUPEX RWN 
400

ENERGOSYSTEM 
Vanes

T1 Butterfly Valve
DN 500 PN 40 with hydraulic actuator

T2 Butterfly Valve
DN 400 PN 40 with hydraulic actuator

T1-T2 Bypass Sferaco type 710 ball valve full bore / DN 50 PN 40

The key software components that will be used in the Romanian demo are:

Tools developed in the framework of the project:
o Decision support tool for hybrid HPPs (HYDRO-SDS)
o Weather and flow forecasting / Rainfall-runoff forecasting (HYDRO-WFF)
o Fault detection and predictive maintenance system (HYDRO-PREDICT)

There is an existing SCADA system that is used for monitoring and controlling the Bratia HPP. This 
system supplies energy production values, water flow speeds and equipment status, but without real-
time data transfer possibilities.

IDEA has updated the existing monitoring infrastructure, to meet the D-HYDROFLEX requirements and 
provide real-time data of energy readings, equipment status and alarms. The system is undergoing the 
latest test of connection to D-HYDROFLEX. These data will be used for fault detection at the plant 
generator and to finetune the models to be used for planning and control strategies. The updated 
monitoring infrastructure implemented by IDEA can provide the following production data, alarms and 
status messages:

Table.6: Romanian demonstrator datasets regarding HPP production

Available production data

Parameter Unit Obs

Phase voltage (RS, RN, SN) V

Line voltage (RS, ST, RT) V

Phase current (R, S, T) A

Apparent phase power (R, S, T) VA

True phase power (R, S, T) W

Reactive phase power (R, S, T) VAR

Phase power factor (R, S, T) 0..1

THD phase voltage (R, S, T) %
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THD phase current (R, S, T) %

Frequency Hz

Average phase voltage V

Average line voltage V

Average current A

Total apparent power VA

Total true power W

Total reactive power VAR

Total power factor 0..1

Unbalanced voltage amplitude %

Unbalanced current amplitude %

Max phase voltage (R, S, T) V

Max line voltage (RS, ST, RT) V

Max phase apparent power (R, S, T) VA

Max phase true power (R, S, T) W

Max phase reactive power (R, S, T) VAR

Max phase power factor (R, S, T) 0..1

Max THD phase voltage (R, S, T) V

Max THD phase current (R, S, T) A

Max frequency Hz

Max average phase voltage V

Max average line voltage V

Max average current A

Max total apparent power VA

Max total true power W

Max total reactive power VAR

Max total power factor 0..1

Min phase voltage (R, S, T) V

Min line voltage (RS, ST, RT) V

Min phase current (R, S, T) A

Min phase apparent power (R, S, T) VA

Min phase true power (R, S, T) W

Min phase reactive power (R, S, T) VAR

Min phase power factor (R, S, T) 0..1
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Min frequency Hz

Min average phase voltage V

Min average line voltage V

Min average current A

Min total apparent power VA

Min total true power W

Min total reactive power VAR

Min total power factor 0..1

Limit violations

Device status

DQ status

DI status

Active tariff 0 = tariff 1 / 1 = tariff 2

Working hours counter

Universal counter

Relevant changes counter

Parameter changes counter

Violations counter

Requested true power import W

Requested reactive power - import VAR

Requested true power - export W

Requested reactive power - export VAR

Max true power over period W

Min true power over period W

Max reactive power over period VAR

Min reactive power over period VAR

Reading period

Elapsed time of reading period

True energy, import - tariff 1

True energy, import tariff 2

True energy, export tariff 1

True energy, export tariff 2

Reactive energy, import tariff 1

Reactive energy, import tariff 2
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Reactive energy, export tariff 1

Reactive energy, export tariff 2

Table.7: Romanian demonstrator datasets regarding the available status of equipment and alarm messages

Available status & alarm messages

Message ID Message text Message type

A001 Sentron PAC3200 communication fault alarm

A004 Differential protection fault alarm

A005 Network protection fault (Com-AP) alarm

A006 Main switch fault alarm

A007 Overload of generator switch alarm

A008 Generator switch ON status message

A009 Reverse power in generator alarm

A010 Asymmetrical current fault alarm

A011 Asymmetrical voltage fault alarm

A012 Overpower fault alarm

A013 Emergency Stop alarm

A014 Generator speed transducer fault alarm

A015 Generator overspeed fault alarm

A016 Pelton speed transducer fault alarm

A017 Pelton overspeed fault alarm

A018 Pelton slipping fault alarm

A019 Excitation switch ON status message

A020 No network power at UPS alarm

A021 UPS discharged alarm

A022 UPS fault alarm

A023 Level transducer fault alarm

A025 Turbine position transducer [1] fault alarm

A026 Turbine position transducer [2] fault alarm

A027 Main switch OFF status message

A028 Main inlet valve motor fault (FA31, 32, GF31, UPS) alarm

A030 Main inlet valve limit switch fault alarm

A032 Moto breaker fault (FS11, FS12) alarm

A035 Generator excitation fault alarm

A036 Main inlet valve torque transducer fault alarm
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A038 Main inlet valve motor running status message

A040 Main inlet valve temperature fault alarm

A042 Overvoltage discharger (DT) fault alarm

A043 Low power fault alarm

A044 Main inlet valve UPS/GF fault alarm

A045 GUP low pressure fault alarm

A046 Turbine [1] position fault alarm

A047 Turbine [2] position fault alarm

A050 Turbine [1] = [2] synchro fault alarm

A051 Start time exceeded alarm

A052 Stop time exceeded alarm

A053 Continuous overspeed fault alarm

A054 Main inlet valve closing fault alarm

A055 Main inlet valve opening fault alarm

A056 Low water level alarm

A057 Voltage discharger (RG) fault alarm

A059 High voltage transformer pressure fault alarm

A060 High voltage transformer temperature at stop level alarm

A061 High voltage transformer temperature at fault level alarm

A062 EZS alarm

A063 EPS alarm

A064 Max number of generator stops reached alarm

I065 START after fault reset status message

I066 START after temperature drop under warning level status message

I067 START after UPS recharge status message

I068 START after main inlet valve opening status message

I069 START after reach of min requested water level status message

A081 Warning temperature generator phase 1 alarm

A082 Warning temperature generator phase 2 alarm

A083 Warning temperature generator phase 3 alarm

A084 Warning temperature generator front bearing alarm

A085 Warning temperature generator rear bearing alarm

A086 Warning temperature oil of high voltage transformer alarm

A087 Warning temperature main electric cabinet alarm

A088 Warning temperature plant alarm

A089 Warning temperature turbine front bearing alarm
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A090 Warning temperature turbine rear bearing alarm

A097 Max temperature generator phase 1 alarm

A098 Max temperature generator phase 2 alarm

A099 Max temperature generator phase 3 alarm

A100 Max temperature generator front bearing alarm

A101 Max temperature generator rear bearing alarm

A103 Max temperature main electric cabinet alarm

A104 Max temperature - plant alarm

A105 Max temperature turbine front bearing alarm

A106 Max temperature turbine rear bearing alarm

E113 Generator ON status message

E114 Generator OFF status message

E115 Plant ON status message

E116 Plant OFF status message

E117 Plant in manual mode status message

E118 Plant in service mode status message

E119 Reset plant fault status message

E121 Turbine (AD) closed status message

E122 Closing main inlet valve status message

E123 Plant START status message

E124 Plant STOP status message

E125 High voltage transformer OFF status message

E126 Main inlet valve closed status message

E128 PLC START status message

E116 Plant OFF status message

E117 Plant in manual mode status message

E118 Plant in service mode status message

E119 Reset plant fault status message

E121 Turbine (AD) closed status message

E122 Closing main inlet valve status message

E123 Plant START status message

E124 Plant STOP status message

E125 High voltage transformer OFF status message

E126 Main inlet valve closed status message

E128 PLC START status message
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This chapter provides an overview of the Spanish demo activities, describing the use cases to be tested 
and the pilot site area and listing the technical components that will be used in the demonstration.

4.1 D-HYDROFLEX use cases to be tested in the Spanish Demo

The third demonstrator is located in Spain. It is a run-of-river (RoR) hydro power plant (HPP-D3) within 
the Ulla River. This HPP-D3 participates in a total of three use cases in the project:

UC#2 Hybridization of HPPs utilizing on-site hydrogen production in small HPP, 
UC#4 
UC#5 Environmental impact monitoring in RoR plants.

UC#2 Hybridization of HPPs utilizing on-site hydrogen production in small HPP 

In response to the UC#2 a first solution was developed through the development of the HYDRO-H2DSM 
tool. The H2-DSM model used in this tool can predict the amount of hydrogen that could be produced by 
a HPP under given boundary conditions, create a decision support plan for when it is better to produce 
electricity or H2, and obtain the environmental benefits of using H2 for mobility. 

After the design and programming of the H2-DSM model, it has been trained and validated with 
historical data from D3. Therefore, the next step is to test the model in real time. The D3, in addition to 
its SCADA system, has a web server (GRAFANA) where part of the 513 variables currently monitored can 
be visualized. The objective to validate the H2-DSM model is:

b) To confirm that the web server records in real time all the parameters that are needed as input 
for the H2-DSM model. If not, program GRAFANA to record all the necessary variables.

b) Connect the H2 model to the web server, the weather web site and the electricity price web site; 
run it and evaluate its metrics.

UC#4 

A second solution is to be tested in this demonstration. The HYDRO-DSD is a tool developed within the 
project that will cover both, UC#2 and UC#4 objectives. First, this model includes two models of the HPP 
and the hydrolyser and helps with the planification of the operation of both of them. In addition, it 
considers the integration with other RES, such as a photovoltaic plant, and it could include even the 
existence of other grid components that will conform to a local grid connected to the HPP.

The HYDROF-DSD tool will be adapted to the plant operation and characteristics and two-fold validation 
will be followed. First, models will be validated with the HPP-D3 historical data and hybridization results 
will be compared with the actual plant operation plan. And second, the integration of the HPP-D3 with a 
local grid will be simulated, and conclusions will be extracted from the tool implementation outcomes.

UC#5 Environmental impact monitoring in RoR plants.

Lastly, the motivation for HPP-D3 to participate in UC#5 is due to the need to monitor the environmental 
impact that Ulla River could go through due to the production of green H2. This impact on the waters of 
the river is associated with the discharge of the wastewater from the electrolysis process (3.45 m3/day), 
which will have a higher concentration of the river's own substances in solution.
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In order to restore their levels of solute concentration before discharge into the river, they will pass 
through an activated carbon filter and a bed of ion exchange resins, with the result that their 
characteristics are expected to be similar to those of the catchment water, which means that impacts will 
be ruled out. To check this, the two probes installed upstream of the dam (catchment point) and 
downstream (discharge point) will be used to compare the variation in their physical and chemical 
parameters.

Additionally, both probes will be used to model the behaviour of the waters of the Ulla in the medium 
and long term. Therefore, considering the existence of eutrophication problems in one of the reservoirs 
located upstream, two more specific parameters have been added to the probe located in the Touro 
reservoir: Cyanobacteria (phycocyanin) and Chorophila A.

The main drivers of this demonstration, as well as the respective boundaries, are:

Table.8: Drivers and boundaries of the Spanish demonstrator

Drivers Boundaries

Increasing the knowledge of hybrid 
power plants in small hydro RoR 
facilities specifically related to the 
combination of H2 with other RES 
technologies.

Business/Technical:
The H2-DSM model could only be tested with data obtained 
from the D3, so its performance in other HPP RoRs is unknown.
The H2-DSM model allows the introduction of any type of 
electrolyser, but it does not consider consumption due to H2 
compression, transport from the H2 power plant to the H2 
station or other elements that could influence the degree of 
overfitting of the model.
The SDS models will be adapted to focus on a Kaplan double 
turbine design and include the possibility of generating 
hydrogen by using a hydrolyser.

Model and algorithms for hybrid 
RoR plant operation with expected 
increase of the operation flexibility.

The models and algorithms combine TRNSYS and Python, so 
that the operation and flexibility of the assets can be properly 
assessed. Due to the flexibility provided by both tools, there are 
not limitations in the models programmed once the plant 
components are properly modelled.

Monitoring of environmental 
parameters for hydro plant 
operation and reporting by 
implementation of additional 
sensoring and algorithms.

Regarding the effect of Green Hydrogen production, the 
monitoring is focused on: Temperature, pH, Dissolved Oxygen, 
Oxygen Saturation, Turbidity, TSS, ORP, Conductivity, TDS, 
Salinity and Depth, taking the legal limits as a reference. In order 
to model the behaviour of the water body, two more parameters 
are added to the above: Cyanobacteria (phycocyanin) and 
Chorophila A. As above, the legal limits are the reference. Also, 
this information is key to know if it is possible to capture water 
from the river to produce hydrogen without having previously 
purified it.

Facilitating market penetration of 
H2 technology in combination with 
other RES in small hydro power 
plants and contributing to energy 
targets.

Economic:
Currently, the associated costs for the installation of an H2
production plant are very high, so in order to facilitate its 
implementation as a complementary facility to the RoR HPP, 
some type of financing would be necessary.
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The solutions proposed consider the possibilities of selling 
hydrogen and selling electricity generated from hydrogen, 
incentivising the usage of the technology.

Improvement of environmental and 
economic sustainability of existing 
RoR power plants.

Business/Technical:
The H2-DSM allows HPPs to know how much H2 they can 
produce and when is the best time to produce it from an 
economic point of view. In addition, it allows them to know how 
much greenhouse gas emissions can be avoided if the H2 
produced is used as vehicle fuel. The degree of economic and 
environmental improvement is directly linked to energy prices, 
whose medium- and long-term trend is unknown.
SDS tool considers the capability of combining hydropower and 
hydrogen allowing for the increase of flexibility in the use of 
renewable energy, thus increasing reliability and sustainability.

4.2 Description of the demo area and the demonstration sites

The case- -of-river hydro power plant (HPP-D3) which started 
operations in 2008 and is operated by TASGA. It is in Ulla River (Touro, Spain) with a gravity reservoir 
with a capacity of 6 hm3 and maximum operational flow 60 m3/s. The HPP-D3 operates demodulating the 
flows within the Portodemouros and Brandariz hydro power plants within the Ulla River basin, at a 
distance of approximately 5 kilometres from the former.

Figure 7: Salto de Touro HPP location

The principle of operation is demodulating the Ulla River flow, which instead of receiving up to 120 m3/s 
released by Portodemouros at peaks, receives at most 60 m3/s that can be accepted by the turbines in 
HPP throughout one day and maintaining an ecological flow that will depend on the season of the year 
and the current applicable regulations.
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The HPP-D3 consists of intake with dam (165 m long at the crown), intake and maintenance of the 
ecological flow, piping to power station, power station, accesses, fish stabling tanks, fish ladder. Power 
is carried away by a dedicated 66 kV line to the Portodemouros sub-station. Before the dam was built, a 
cofferdam 180 m long was built to allow the building of a bypass channel 95 m long on the dry side (6 m 
wide x 5 m high). The second phase involved placing all the concrete blocks that form the dam as well as 
the rest of the installations (power station, fish ladder, etc.) with the flow of the river Ulla passing through 
that canal.

Figure 8: Salto de Touro HPP exterior & Interior

The HPP-D3 has a total installed power of 12.67 MW in two Kaplan vertical axis turbines (45 m3/s and 15 
m3/s). The plant operates autonomously, and it is regulated by a PLC which operates the plant taking 
information from different sensors. The HPP is equipped with PLC controlled real-time data acquisition 
and SCADA systems. The monitoring system provides central access to operational data. 

The main HPP-D3 characteristics are summarized in the following table:

Table 9: Salto de Touro HPP characteristics

General characteristics

Year of operation In operation since 2008

Recent renovations The HPP began operating in 2008, when it began 
monitoring approximately 80 variables related to its 
operation, using PLCs, 3G and satellite connections, 
and duplicated databases both locally and in the 
cloud. As of September 2022, the number of 
monitored variables will increase to about 500, so that 
the control of HPP is more exhaustive.

Type of plant Run of river

Annual production 38,5 GWh



D6.1: D-

Page 33

HPP installed capacity 12 MW

Number of turbines/type of turbines 2 Kaplan vertical axis turbines

Number of generators 2 Synchronous

Volume of water managed/ inflows/ outflows Concessional flow: 60 m3/s

Capacity of reservoir, if any None

No of employees 32

4.3 Key technical components & data needs

The key hardware components that will be used in the Spanish demo are:

Monitoring systems
PLCs
SCADA
Satellite communication and Router 4G
Web Server
PC and local servers

The key software components that will be used in the Spanish demo are:

Tools developed in the framework of the project
o Aging and degradation forecasting (HYDRO-DEFM)
o H2 decision support model H2-DSM (HYDRO-H2DSM)
o Energy forecasting model (HYDRO-EFM)
o Decision support tool for hybrid HPPs (HYDRO-SDS)
o Weather and flow forecasting / Rainfall-runoff forecasting (HYDRO-WFF)

SIEMENS SW
GRAFANA
PYTHON
SPYDER and JUPYTER Notebook

The D-HYDROFLEX solutions need to be integrated with these components for a common operation 
when possible. The integration will allow the implementation and validation of the project toolkit.

For this purpose, an exchange of data is needed between the pilot site and the tools. This includes
historical and real time operation data and some plant parameters and characteristics. When not directly 
available, some of them will need to be estimated. The main datasets that will be used for the 
demonstration activities are:

Table.10: Spanish demonstrator datasets

Dataset Description Availability 
Hydro Power Plant 

Turbined flow Turbine 1: 45m3/s
Turbine 2: 15m3/s Available
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Nominal power Turbine1: 9824 kW
Turbine 2: 3334 kW Available

Specific speed Turbine 1: 250 rpm
Turbine 2: 428,57 rpm Available

Water head Turbine 1: 23,05 m
Turbine 2: 23,80 m Available

Runner diameter Turbine 1: 2,7 m
Turbine 2: 1,6 m

Available

Number of blades Turbine 1: 5
Turbine 2: 5

Available

Pitch control 

The angle of inclination of the turbine blades is 
directly related to the opening of the 
distributor. The control is hydraulic, with pipes 
through the turbine shaft and alternator.

Under collection

Ecological flow See the next table Available
Hydrogen

Input voltage (V) 1000 V Available
Input current (I) 20 A Available
Energy efficiency 55 kWh/kg H2 Available
Operating temperature 50º Available
Operating pressure Outlet 1.5 bar without compress stage Available

Water flow rate Consumption: 192 l/h
Tank volume 700 l Available

Water purity Quality of supply network Available
Current/voltage ratio 0.020 Available

Economic Values
Energy sale price 
(historical data) Operating cost, Maintenance cost Under collection

Other 

River flux Precipitation: 1.600 mm
Air temperature: 7-20ºC Available

River area basin Snow accumulation, Irrigation with river 
surface water Under collection

Plant coordinates Sub-basin area: 1.221 km2

Dam level: 147 m
Available

Solar radiation Under collection

Table.11: Ecological flow data

Month oct nov dec jan feb mar apr may jun jul aug sep
Total (m3/s) 3,56 5,543 6,743 8,333 7,267 6,559 5,56 4,941 3,56 3,56 3,56 3,56
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This chapter provides an overview of the French demo activities, describing the use cases to be tested 
and the pilot site area and listing the technical components that will be used in the demonstration.

5.1 D-HYDROFLEX use cases to be tested in the French Demo

The fourth demonstrator is located in France. It entails a RoR hydro power plant. In this pilot site UC#5
will be tested:

UC#5: Environmental impact monitoring in RoR plants

The most reported ecological impacts of hydropower plants are fish injuries, flow regime alteration, 
habitat degradation, and species composition simplification. Ecosystem fragmentation, caused by 
artificial obstacle is a serious threat to biodiversity and one of the main challenges in ecosystem 
restoration [3].  River continuity is a symbolic example of the ecosystem fragmentation [4]. The 
restoration of the river continuity has often targeted diadromous fish (such as salmon, eels, and shad). 
The artificial barriers, of which hydropower plant are part, have frequently been implicated in the decline 
of anadromous fish population because of their effect on upstream and downstream migration [5]. 
Different devices or operations have been installed or conducted to restore connectivity and aid with 
both upstream and downstream fish migration. Fish downstream migration is a major concern due to 
the presence of hydropower plants. Passages through turbine are source of immediate and/or delayed 
mortality for migrating species. Downstream devices have been deployed to divert fishes from passing 
via the turbine [6]. These devices are dedicated to small hydropower plants and solution for large plants 
are not efficient, considering fish protection efficiency and economic factors. 

Within D-HYDROFLEX, an automatic method to identify fish species or groups of species thanks to the 
extraction of their global shape and their swimming patterns will be developed. This method will be 
based on computer vision and image processing algorithms. Acoustic cameras allow to continuously 
monitor fish without any handling, at higher range than optical devices and with low dependency to 
environmental conditions, such as water turbidity. 

In addition, D-HYDROFLEX will increase the knowledges of the dynamics of the fish migration (migration 
season, environmental triggers of the migration etc) by delivering numerical models that couple 
innovative sensors and digital models for the management of the hydropower production and the 
environmental impact. 

The main drivers of this demonstration, as well as the respective boundaries, are:

Table 12: Drivers and boundaries of the French demonstrator

Drivers Boundaries

Increasing the HPP performance regarding hydropower 
production while lowering its environmental impact

Depends on the turbine operation 
capacities of the HPP

Providing information on the migration dynamic fish species, such 
as salmon, eel, shad etc. Increasing the knowledges on the 
dynamics of the fish migration (i.e., migration season, 
environmental triggers of the migration).

Only fish passing through the 
sonar beam (range 10 meters).
Localisation of the sensor is a key
parameter
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Optimization of the protection measures, such as turbine 
management, temporary devices (additional bypass or trap and 
truck)

The level of the achieved 
optimization depends on the 
flexibility of the HPP operations
and more specifically the extend of 
usage of turbine, fishway, bypass 
and other fish passing solutions.

5.2 Description of the demo area and the demonstration sites

The Mauzac hydroelectric power plant is located on the Dordogne River (southwest of France) is one of 
the 3 HPP of the Bergerac group, Bergerac HPP, Tuilières HPP and Mauzac HPP. The Mauzac HPP is the 
most upstream of the 3 HPP and is a run-of-river power plant with an installed capacity of 13.2 MW where 
1 Kaplan turbine and 5 Francis turbines. The site is composed by a long inlet canal, a powerhouse and a 
large dam equipped with 10 gates. The entry of the inlet canal is divided in 3 intakes. On this site, the 
study will focus on the passage of silver eels.

Figure 9: Mauzac HPP view from above

Figure 10: Mauzac HPP location
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The main Mauzac HPP characteristics are summarized in the following table:

Table.13: Mauzac HPP characteristics

General characteristics

Year of operation 1924

Recent renovations New fishway at the dam

Type of plant Run of River HPP

Annual production 60.8 GWh

HPP installed capacity 13.2 MW (280 m3/s)

Number of turbines/type of turbines 5 Francis Turbine (55 rpm) 1 Kaplan turbine

Number of generators 6

Volume of water managed/ inflows/ outflows 0.8 Mm3

Capacity of reservoir, if any 7.5 Mm3

No of employees ---

The demonstration activities of the French demo also include a second site in Selune river, which will be 
used for monitoring migratory fish population using hydroacoustic cameras. The Sélune River is a small 
coastal river (catchment area 1106 km2, length 91 km, mean discharge 11 m3s 1) located in Normandy. It 
flows into the English Channel in the Mont Saint-Michel Bay and is colonised by several diadromous fish 
species, such as Atlantic salmon (Salmo salar), sea trout (Salmo trutta), European eel (Anguilla anguilla), 
sea lamprey (Petromyzon marinus), allis shad (Alosa alosa), and thinlip grey mullet (Chelon ramada). The 
monitoring site is located in Ducey in the upper part of the estuary, upstream from the dynamic tide limit, 
on the right bank. At this location, the river is 18 m wide and has a maximum depth of almost 2 m during 
low-flow periods. The site is not only a transit zone for diadromous fishes, but also a resting site for 
several freshwater fish species as well many cyprinid species such roach (Rutilus rutilus), common bream 
(Abramis brama), silver bream (Blicca bjoerkna), chub (Squalius cephalus) and carnivorous fishes such as
European perch (Perca fluviatilis), pike (Esox lucius) and European catfish (Silurus glanis)

5.3 Key technical components & data needs

The key hardware components that will be used in the French demo are:

Acoustic camera: 3 models will be tested (2 have already been tested)

The key software components that will be used in the French demo are:

Tools developed in the framework of the project:
o Biodiversity index tool (HYDRO-RECOFISH)

Statistical tool to forecast the migration peak of eels developed by EDF in another project
River discharge data
Python libraries: NUMPY / pandas / opencv-python / scikit_learn / scikit-image / PyQt5

The main datasets that will be used for the demonstration activities are:
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Table.14: French demonstrator datasets

Dataset Description Availability

Operational parameters 
of the HPP

Daily data of the HPP management: spilling 
discharge and turbines flow

Available with a delay/ gap of 
24 hours

Hydrological data Daily river flow (average discharge from 
12h00 - 12h00)

Available in real time (delay 
of 3 hours)

Acoustic videos 
database

Continuous acquisition and automating fish 
counting in real time (-delay of 1 hour) Prototype is being developed
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This chapter provides an overview of the Greek demo activities, describing the use cases to be tested and 
the pilot site area and listing the technical components that will be used in the demonstration.

6.1 D-HYDROFLEX use cases to be tested in the Greek Demo

The fifth demonstrator is located in Greece, and it entails two hydro power plants. In this pilot site two 
use cases will be tested:

UC#1: Predictive maintenance and operational efficiency maximization in HPPs

For testing the use case "Predictive Maintenance and Operational Efficiency Maximization in 
Hydropower Plants (HPPs)" within the Greek demo of the D-HYDROFLEX project, the following process 
will be implemented at the Platanovrisi and Ilarion HPPs:

1. Initialization and Data Collection:
Digital Twin Platform: The hydropower plant's digital twin model will be updated with the latest 
structural and operational data.
Real-time Data Collection: Sensors installed in the dam and HPP will collect real-time data on 
structural health, operational status, and mechanical systems.

2. Data Processing and Analysis:
The collected data will be analysed by the digital twin system to detect anomalies, predict faults,
and identify operational inefficiencies.
This data will be reviewed by data analysts and provided to the operations managers and 
maintenance technicians.

3. Decision-Making and Actions:
Operational Adjustments: Operations managers will execute necessary adjustments in dam 
operations to optimize performance based on insights from the digital twin data.
Maintenance Actions: Based on predictive alerts, maintenance technicians will perform required 
actions to mitigate any identified risks to dam systems.

4. Monitoring and Assessment:
Continuous Monitoring: The dam's performance will be continuously monitored post-
adjustments and maintenance to ensure optimal operation and safety.
Post-Maintenance Assessment: The digital twin will reassess the dam post-maintenance to 
confirm all issues have been resolved and the system is at optimal performance.

This test scenario will evaluate the effectiveness of the digital twin model in managing various aspects of 
the hydropower plant, focusing on predictive maintenance and operational efficiency. The testing will 
leverage advanced digital tools to enhance operational dynamics and sustainability of HPPs. KPIs such 
as the maintenance cost reduction and the fault detection accuracy will be measured to assess the impact 
and success of these initiatives.

UC#3: Anomalies and intrusions detection in HPPs local networks

This case will be tested by carrying out cyberattacks, either in a protected segment of the HPP or in a 
laboratory environment that replicates the Operational Technology (OT) network of the HPP. During the 
preparation activities of the demo, the baseline of the OT network will be acquired, and the AI models of 
the F-BOX will be trained respectively. Then, during the demonstration activities, the scenarios outlined 
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for UC3 in D3.2 will be executed, and the performance of F-BOX will be measured, in terms of accurately 
detecting each cyber-attack.

The main drivers of this demonstration, as well as the respective boundaries, are:

Table.15: Drivers and boundaries of the Greek demonstrator

Drivers Boundaries

Increasing the HPP 
resilience by detecting 
intrusions in an early 
stage

Business/Technical:
To be able to detect cyberattacks, the F-BOX sensors need to acquire 
the baseline of the normal/benign network traffic of the HPP. The 
baseline is based on several assumptions with respect to the OT 
protocols and number of devices, which could vary for each HPP.
Given that HPPs are critical infrastructure and essential entity according 
to the NIS2 EU directive, there are strict cybersecurity limitations in 
place. Hence, it may not be possible 
network and conduct the cyberattacks
OT network must be deployed in a laboratory environment.

Proposing data 
standards for digital dam 
management for 
operations and 
maintenance

Regulatory Compliance:
Compliance with international, national, and regional regulations (such 
as the NIS2 EU directive for critical infrastructure) could limit the type 
and scope of data that can be collected and shared.
Privacy laws might restrict the sharing of data that could indirectly 
identify personnel or sensitive operational details.

Technological Constraints:
Compatibility with existing infrastructure, as older dams may have 
outdated technology which is not capable of supporting advanced 
digital standards or requires significant retrofitting.
Limitations in current technology for real-time data processing and 
analysis in remote or harsh environments where many dams are located.

Security Concerns:
Ensuring cybersecurity of the data standards and transmission, 
particularly because infrastructure such as dams are high-risk targets for 
cyberattacks.
Secure storage and access management to prevent unauthorized data 
breaches or manipulations.

Integration with Existing Systems:
Harmonizing new digital standards with the existing variety of data 
management systems across different dams without causing 
disruptions in current operations.
Dealing with the heterogeneity in the types of equipment and sensors 
used in dams which might require custom solutions for integration.

6.2 Description of the demo area and the demonstration sites

The Greek demonstration activities will be carried out in 2 different pilot sites:

Ilarionas HPP
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Platanovrisi HPP

Platanovrisi Hydroelectric Power Plant

The Platanovrisi Hydroelectric Power Plant is a significant component of Greece's energy system, 
harnessing the power of water to generate clean energy. It is situated in a mountainous region in 
Northern Greece with abundant vegetation and artificial lakes, which were created by the operation of 
the plant. It is located on the Nestos River and the area is characterized by its unique natural beauty and 
offers opportunities for recreation and tourism. The plant operates in conjunction with the Thisavros 
plant, forming a pumping-storage system that contributes to the optimization of electricity generation. 
While the plant's operation has influenced the local community, providing jobs and boosting the regional 
economy, the management of water resources, the protection of biodiversity, and the need for 
sustainable development pose significant challenges for the area. The Platanovrisi Hydroelectric Power 
Plant, with its advanced technology and contribution to the country's energy security, is an interesting 
example of the interaction between humans and the natural environment.

Figure 11: Platanovrisi HPP location & exterior

The main HPP characteristics are summarized in the following table:

Table.16: Platanovrisi HPP characteristics

General characteristics

Year of operation In operation since 1999

Recent renovations No recent renovations

Type of plant Impoundment

Annual production 240 GWh

HPP installed capacity 108

Number of turbines/type of turbines 2 Francis turbines

Number of generators 2 
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Volume of water managed/ inflows/ outflows Volume of water managed: 450 million m3

Capacity of reservoir, if any 450 million m3

Ilarionas Hydroelectric Power Plant

The Ilarion hydroelectric power plant is one of the most modern and significant renewable energy 
projects in Greece. Constructed on the Aliakmon River, it harnesses the natural flow of water to generate 
clean electricity. With an installed capacity of around 165 MW, it significantly contributes to 
strengthening the country's energy security and reducing greenhouse gas emissions. The construction 
of Ilarion was a complex project that lasted several years and resulted in the creation of a large artificial 
lake. In addition to generating energy, this lake contributes to the irrigation of surrounding areas and 
flood protection. Furthermore, the area around the plant has been developed for tourism, offering 
visitors the opportunity to enjoy the natural beauty. Ilarion is an excellent example of modern 
hydroelectric technology and Greece's commitment to developing renewable energy sources.

Figure 12: Ilarion HPP location & view from above

The main HPP characteristics are summarized in the following table:

Table 17: Ilarionas HPP characteristics

General characteristics

Year of operation In operation since 2014

Recent renovations No recent renovations

Type of plant Impoundment

Annual production 330 GWh

HPP installed capacity 165 MW

Number of turbines/type of turbines 2 Francis turbines

Number of generators 2 

Volume of water managed/ inflows/ outflows Volume of water managed: 402.2 million m3

Inflow average: 1029 million m3

Outflow: 859 million m3
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Capacity of reservoir, if any 6.2 million m3

6.3 Key technical components & data needs

The key hardware components that will be used in the Greek demo are:

PLCs
SCADA

The key software components that will be used in the Greek demo are:

Tools developed in the framework of the project
o Dam Digital Twin (DAM-TW
o Dam geometric digital model creation (DGDT)
o HYDRO-FBOX

In the context of UC#1: Predictive maintenance and operational efficiency maximization in HPPs, it is 

sensors and data regarding the business process modelling among others.

In the context of UC#3: Anomalies and intrusions detection in HPPs local networks, it is necessary to collect 
OT network traffic data. This data will be gathered either from the actual OT network or from a 
laboratory environment if data collection in the real setting is not feasible. To obtain malicious network 
traffic data, simulated cyberattacks will be carried out to generate instances of malicious traffic.

The main datasets that will be used for the demonstration activities are:

Table.18: Greek demonstrator datasets

Dataset Description Availability

OT network
traffic data

Network traffic data from the HPP OT network. The dataset will be 
a collection of Packet Captures (PCAP) files, containing traffic traces 
from the network activity of the underlying SCADA devices and their 
industrial communication protocols.

Under 
collection

Geometric Data
Information related to the geometry of the dam, including points, 

visuals, and thermals to create the digital representation (e.g., point 
clouds, images/videos, and thermal images).

Under 
collection

Non-Geometric 
Data

Operational data such as hydrological parameters, environmental 
data, and other relevant non-visual characteristics.

Under 
collection

Management 
Information

Data for asset management, predictive maintenance, and scenarios 
for infrastructure life cycle management.

Under 
collection

Sensor Data Real-time and historical data from various sensors installed at the 
dam and related infrastructure (e.g., for monitoring the physical 

Under 
collection
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condition of components like turbines, flow sections, electric parts, 
and peri-turbine components).

Standard Data 
Models and 

Repositories

Foundation data models from BIM (Building Information Modeling) 
and/or GIS (Geographical Information System) environments, such 
as IFC or CityGML, for structuring data appropriately. Repositories 
for storing data and interfaces for data exchange are also needed.

Under 
collection

Interfaces and 
Data Exchange 

Formats

Well-defined interfaces to facilitate interoperability among different 
components of the platform and ensure seamless data exchange 

between layers of the architecture.

Under 
collection

Process 
Descriptions

Business process modelling (e.g., BPMN (Business Process Model 
and Notation)) for describing workflows and machine-readable 

process chains using UML representations.

Under 
collection

Condition 
Monitoring Data

Sensor data to monitor the physical condition of the dam's 
components, including vibrations, temperature, flow rates, 

pressures, etc., that will contribute to predictive maintenance and 
fault detection.

Under 
collection

KPI Information Key Performance Indicators (KPIs) for assessing the performance 
and state of the dam infrastructure.

Under 
collection

AI and Machine 
Learning Data 
Requirements

Data necessary for training AI and machine learning models to 
predict faults, manage maintenance schedules, and optimize dam 

operations.

Under 
collection
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This chapter provides a high-level plan regarding the deployment activities to be undertaken during the 
D-HYDROFLEX project and the anticipated demonstration and validation activities to be performed in 
the 8 demonstration sites, following the release of the prototypes of the tools that constitute the D-
HYDROFLEX Hydropower 4.0 toolkit (scheduled for M18).

The high-level plan presented in this section focuses on two main types of activities, namely the 
Deployment Activities and the Demonstration/ Validation Activities of the project. With regards to the 
former, the deployment activities are mainly focused on the installation of the necessary equipment in 
the D-HYDROFLEX pilot sites (additional installation to complement existing assets), along with the 
deployment of the D-HYDROFLEX toolkit, so that demonstration and validation activities can 
commence.

7.1 Polish demo

The main phases of the Polish demonstration activities are:

1. Demo site surveying and data collection: During this activity, which is already in progress 
before starting WP6, we collect information about the existing OT assets and technical 
parameters of the HPP's demo site. Operational signals availability is on the agenda. This sub 
activity is dedicated to the collection of information about the hardware components (turbine, 
generator, water inlet geometry, etc.), operational data (historical production, water flaw, 
vibrations, etc.) and sensors and measurement equipment. With security in mind real-time data 
used for acquisition, not for real-time control and operation of HPP.

2. Equipment procurement, installation and commissioning: This sub activity is strongly linked
to the functionalities elaborated in WP3 and the digital prototypes developed in WP4. Based on 
the surveying results from previous sub task and the requirements for the hydro system digital 
twin, an upgrade of the existing measurement and monitoring infrastructure of the Polish demo 
will be done (sensors, concentrators, data acquisition, database, secure data transfer, industrial 
computer, etc.). Availability of HPP operational signals is the basis for the implementation of the 
digital twin.

3. Functional testing of equipment: Based on the requirements and initial data collection results 
the D-HYDROFLEX hydro system digital twin data acquisition system will tested. The 
performance and usability of the data for the digital twin will be assessed.

4. Deployment of the hydro system digital twin: During this phase the installation and 
configuration of functional tools of the hydro system digital twin will take place. The consistency 
of the data necessary for the demonstration scenarios will be checked along with the calculation 
results.

5. Data assets integration and visualization: A long-term data (input and output) of the hydro 
system digital tin will be checked for integrity, quality and usability in the predefined scenarios. 
Selected data series will be made available for the integration of the final tool.

6. Demonstration progress monitoring: This sub task will concentrate on the calculation of 
relevant output values regarding predictive maintenance and improvement of energy efficiency. 
The correctness and relevance of calculations will be assessed and if necessary corrected.

7. Demonstration activities & collection of results: The operation of the digital twin will be 
monitored. The necessary results supporting assumptions and functionalities along with data 
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from the validation activities will be collected, in order to allow the calculation of the KPIs and 
the assessment of the digital twin performance outcomes.

8. KPIs and lessons learnt: The results of the demonstration activities will be processed in order to 
calculate the KPIs and draw the lessons learnt. Dissemination activities will take place.
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7.2 Romanian demo

The main phases of the Romanian demonstration activities are:

1. Demo site surveying: This activity is already in progress before WP6 start date. Information 
about the Romanian demo will be collected with focus on communication protocols and 
definition of real-time data transfer to D-HYDROFLEX project. Considering the security risk, 
the D-HYDROFLEX solution will be directly connected with HPP BRATIA only for real-time 
data acquisition purposes, not for real-time control and operation purposes.

2. Equipment procurement: This activity is already in progress even before the WP6 official 
kick-off. Based on the surveying results and the requirements of the D-HYDROFLEX tools, 
an upgrade of the monitoring infrastructure of the Romanian demo will be done (e.g., PLCs, 
SCADA software, sensors, workstation for hosting the D-HYDROFLEX toolkit, network 
switches, etc).

3. Equipment installation, commissioning and configuration: This activity is already in 
progress even before the WP6 official kick-off. During this activity, we will install and 
configure all the equipment that is necessary for running the demonstration scenarios.

4. Functional testing of equipment: Based on the requirements of D-HYDROFLEX, the data 
acquisition infrastructure update will be tested to validate the different tool connection and 
operation. Data quality and availability will be determined after the functional testing period 
for improved results.

5. Integration of data assets for data collection: This activity is already in progress and 
consists in the definition and implementation of the communication between the D-
HYDROFLEX and plant systems and the tools. During this activity communication strategies 
will be proposed and the best options implemented and tested.

6. Tool models adaptation: The models developed within WP4 will be reviewed for a perfect
adaptation to the specific characteristics of the demo. This includes the tests 
results and data collection particularities and the final deployment adaptation of the tools.

7. Deployment of the tools: The tools will be prepared to run autonomously, feeding on the 
data coming from the HPP and sending its outputs to the D-HYDROFLEX and the plant 
systems.

8. Demonstration progress monitoring: This activity will undertake the data preprocessing 
tasks and collect the necessary datasets that will be used from the respective D-
HYDROFLEX tools.

9. Finalization of validation scenarios: This activity refers to the execution of the validation 
scenarios, as they are described in D3.2. The necessary evidence and raw data from the 
validation activities will be collected, to allow the calculation of the KPIs and the assessment 
of the validation outcomes.

10. Calculation of relevant metrics: The results of the demonstration activities will be 
processed to calculate the KPIs and draw the lessons learnt.
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7.3 Spanish demo

The main phases of the Spanish demonstration activities are:

1. Data collection and progressive analysis of the collected data: This activity focuses on the 
acquisition and evaluation of all available information on the HPP: location, geology and 
geotechnics, excavation of the foundation, functional organizations and dimensions, 
electromechanical equipment, electrical substations an energy evacuation, access, power 
supply, communications line to the intake, crowning of the dam, galleries, fish catcher, 
emergency room, etc. Currently, the HPP has monitored 513 operational parameters that 
will be analysed in detail and used to model and predict their behaviour. 

2. Modelling the characteristics of the water body: The aim is to model the long-term 
behaviour of the water body, both in terms of its quality and the impact of the hydroelectric 
plant, as well as its suitability for the hybridisation of the hydroelectric plant with a green 
hydrogen production plant using electrolysis, which is to be developed in the immediate 
future.

3. Adjustment of the water body to the requirements of the green H2 plant: During this 
phase, the volume and quality of the water will be analysed to determine whether or not it 
needs to be purified before undergoing an electrolysis process. In addition, the impact of its 
discharge downstream of the dam and the impact of the planned hybridization process on 
water quality and downstream uses will be determined.

4. adaptation and implementation: 
specific characteristics of the Spanish demo. Then, the tool will be prepared to run 
autonomously communicating with the rest of the components of the system, for instance, 
the demo monitoring system.

5. Forecasting HPP and H2 production: With all the information from the previous steps 
evaluated and recorded, we will proceed to develop different prediction models (turbine 
flow rate, energy produced, height, ...) that will serve as a basis for calculating the amount 
of green hydrogen that would be possible to generate at the HPP. In addition, using 
economic criteria, it will be possible to program a 24-hour operation plan, determining 
which hours are better for the sale of electricity and which are better for the sale of 
hydrogen.

6. Assessing the environmental effect of a hybrid power plant: Based on the results obtained 
from the previous step, an environmental assessment will be carried out based on the use of 
green hydrogen generated in mobility, making a comparison with conventional fuels (diesel 
and gasoline).

7. Demo development: This activity refers to the execution of the validation scenarios, as they 
are described in D3.2.

8. Results evaluation: The results of the demonstration activities will be processed in order to 
calculate the KPIs and draw the lessons learnt
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7.4 French demo

The French demonstration activities are structured in 2 parallel workstreams:

WORKSTERAM I: Eel detection and counting tool
WORKSTREAM II: Fish identification - RecoFish

In the context of these parallel workstreams, the following activities are going to be carried out:

1. Eel (Anguilla angulla) detection and counting tool: Focus on silver eel detection and 
counting in operational condition, to improve turbine management by adapting it to an 
almost immediate observation of eel passage and thus enhance the escapement rate 
(turbine passage during downstream migration or movement).

2. Acoustic videos acquisition on French Demo site: In 2024, recordings of silver passage by 
acoustic cameras upstream the HPP of Mauzac (Dorodgne river) in operational conditions.

3. Automatic computer vision algorithm for eel: The analysis of acoustic cameras data is very 
time consuming. To overcome this limit and handle almost real-time counting of eels, an 
automatic computer vision algorithm will be developed to detect and identify anguilliform 
fish, based on a morphological analysis using image-processing tools.

4. Software: eel automatic detection warning system: A software will be carried out, 
including silver eel detection and counting in real time on a HPP site (Dordogne site).

5. Operational test - Prototype 1: In 2025 the prototype of eel migration will be tested in real 
conditions. A forecast model of the downstream migration of eel on the same HPP have 
been performed based on telemetry data and a scientific fishery. The main objective of this
action is to optimise the model from an automatic analysis of acoustic videos, confirming 
the presence of eels and detecting the beginning of the migration season. The automatic 
counting will be compared to the result of the forecast model 

Based on Eel counting tool, the approach will be adapted and performed to other fish species or family:

6. Acoustic videos data set collection: In collaboration with INRAE, an acoustic videos data 
set of fish species will be created from the 2 French demo sites: Mauzac HPP and Selune 
river. The image processing will be designed to handle the high amount of video, by filtering 
the short video clips of interest; and by then detecting, tracking, and extracting images of 
the object of interest that needs to be identified.

7. Deformation model of swimming mode - species identification: The analysis of the global 
shape of the fish retrieves multiple information using image processing tools. The main 
improvement is the implementation of a deformation model to distinguish the fish species.

8. Operational tool: Software development to identify and detect automatically fish species 
or family in real time on field (included the eel counting tool) will be performed, including all 
the algorithm and approach to identify and counting the fish by species or family will be 
provided.

9. Operational test - Prototype 2: The fish counting tool will be tested in a real time on field.

. 
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7.5 Greek demo

The main phases of the Greek demonstration activities are:

1. Demo site surveying and security assessment: During this activity, which is already in progress 
before the start of WP6, we will collect information about the existing OT assets and sensors of the 
HPP's demo site. PPC will provide a scan of the dam Platanovrisi and a 3D render of it from the inside 
and the outside of the dam, to later validate the dam digital twin in the context of UC1. Moreover, 
given the cybersecurity activities of UC3, a security survey and assessment will be carried out, by 
identifying and prioritising the ICS communication protocols and the most relevant cyber threats. 
The results of this survey will determine the feasibility of safely conducting the cybersecurity 
validation activities on the production infrastructure of the HPP without the risk of disrupting the 
critical activities of the HPP. If the assessment results to a high risk, we will replicate the HPP's ICS 
infrastructure in realistic laboratory environment of PPC.

2. Equipment procurement: Based on the surveying results and the requirements of the D-
HYDROFLEX tools, we will procure any additional equipment needed for implementing the demo 
scenarios (e.g., PLCs, SCADA software, sensors, workstation for hosting the D-HYDROFLEX toolkit, 
network switches, etc).

3. Cyberattack design and implementation: This activity -solely referring to UC3- entails the practical 
aspects of designing the cyberattacks, by further elaborating the descriptions of demo scenarios in 
D3.2. The design phase will also consider the results of the site surveying and security audit activity. 
Then, the practical implementation of the cyberattacks will be carried out, by developing the 
necessary software (e.g., Python code leveraging ICS-specific libraries).

4. Equipment installation, commissioning and testing: During this activity, we will install and 
configure all the equipment that is necessary for running the demonstration scenarios.

5. Dataset collection: This activity aims to collect the necessary datasets for the preparation and 
operation of the D-HYDROFLEX tools. The collected dataset will include historical data from the 
HPPs as well as live data acquired from the infrastructure for both the DAM-TWIN tool and HYDRO-
FBOX. In case of the HYDRO-FBOX tool, purpose of the data collection is to train the anomaly 
detection AI models of the tool, and the necessary data will include samples of both benign and 
malicious behaviour. Moreover, this activity will also undertake the data preprocessing tasks (e.g., 
filtering, labelling and balancing). 

6. D-HYDROFLEX toolkit deployment and integration: During this activity, the D-HYDROFLEX tools 
will be deployed either on the HPP premises, the experimental facility or on the cloud. Moreover, the 
tools will be integrated, by establishing the necessary communication streams to retrieve the HPP 
data streams. As part of this activity, the tools will be fine-tuned with the available data streams of 
the HPP, including re-training of AI models where necessary.

7. Demonstration activities and collection of results: This activity refers to the execution of the 
validation scenarios, as they are described in D3.2. The necessary evidence and raw data from the 
validation activities will be collected, in order to allow the calculation of the KPIs and the assessment 
of the validation outcomes.

8. KPIs and lessons learnt: Finally, the results of the demonstration activities will be processed to 
calculate the KPIs and draw the lessons learnt. Moreover, demo videos will be created, showcasing 
the results of the demonstration activities, which will be disseminated internally by the demo's end 
user (PPC) to experts and decision-makers of the company. Feedback from PPC's experts and 
decision-makers will be collected, aiming to highlight the strong points of D-HYDROFLEX, bring 
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attention to weak points that could be improved, and further elaborate the conclusions and next 
steps beyond D-HYDROFLEX.
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This chapter provides an overview of the evaluation strategy of D-HYDROFLEX project and the initial list 
of KPIs that 

8.1 D-HYDROFLEX evaluation methodology

The final evaluation of the work done is a very important part of the validation process and the 
assessment of the success of the D-HYDROFLEX project. For this reason, an evaluation methodology is 
needed.

the final evaluation 

Remote monitoring and diagnostics centre and D-HYDROFLEX 
toolkit integration Demonstration 

Once all this information is gathered, three different approaches will be followed. First, T6.2 and WP5 

demonstrators as well as the final outcomes and quantitative improvements in the demonstrators.

Secondly, two matrixes will be created. The first one will cross the project objectives with the actions 
done in the project and demonstrators. The second one will cross the actions done with the KPIs that 
evaluate the performance of each specific action. Afterwards, the two matrixes will be merged with the 
KPIs results to finally quantify the achievement or failure of the project objectives.

Lastly, a survey
learnt, highlighting the problems and solutions presented throughout the project.

A first version of the KPIs to be used for the evaluation can be found in 
section 8.3, while in section 8.2 the objectives to be evaluated for each demo are presented along with 

8.2 D-HYDROFLEX impact assessment metrics

Different outcomes are expected in different demonstrators, as different actions are taken in each of 
them. Some of the outcomes expected to be achieved by the end of the D-HYDROFLEX project are 
summarized in the table below:

Table 19: D-HYDROFLEX demonstrations outcomes

Demo ID Demo Outcome

#1 Poland

Optimising the economic effect of the turbine set operation.
Predictions for selected elements in order to increase the availability of 
the turbine set.
Supporting the development of scenarios and decision-making processes 
to ensure the continuity of business and technological processes of the 
turbine set.

#2 Romanian Increasing smart readiness of the HPP for operation and preventive 
maintenance purposes.
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Readiness for hybrid future connection with other RES sources and/or 
VPP.
Readiness for integration & operation into local smart grids.

#3 Spanish

Increasing the knowledge of hybrid power plants in small hydro RoR 
facilities specifically related to the combination of H2 with other RES 
technologies.
Model algorithms for hybrid RoR plant operation with expected increase 
of the operation flexibility.
Monitoring of environmental parameters for hydro plant operation and 
reporting by implementation of additional sensoring and algorithms.
Facilitation market penetration of H2 technology in combination with 
other RES in small hydro power plants and contributing to energy targets.
Improvement of environmental and economic sustainability of existing 
RoR power plants.

#4 French

Increasing the HPP performance regarding hydropower production while 
lowering its environmental impact.
Providing information on the migration dynamic fish species, such as 

Optimization of the protection measure, such as turbine management of 
installation temporary scientific devices (additional bypass or trap and 
truck).
Increasing the knowledges on the dynamics of the fish migration: 
migration season, environmental triggers of the migration.

#5 Greek
Increasing the HPP resilience by detecting intrusions in an early stage.
Proposing data standards for digital dam management for operations and 
maintenance.

The successful demonstration of the D-HYDROFLEX solutions and their market uptake can create impact 
in 4 main areas:

Hydropower plants planning and operation: Hydro plants operators can realise lower costs for 
maintenance and increased revenues due to higher availability of their plants, as well as higher 

-HYDROFLEX remote M&D center will provide them with 
real-time insights without having to be on the plant floor that will allow them to make more 
informed decisions from any location. Moreover, the use of digital twins will contribute to 
increasing the production of green energy, extending the life of the machine, reducing the 
number of repairs (positively affecting the LCC), securing the interests of other users of the river 
and creating favourable conditions for gaining experience, drawing conclusions and applying the 
created system to other hydroelectric power plants.
Hydropower plants flexibility: D-HYDROFLEX will valorise the digital twin of the hydro turbines 
to model the optimal hydro plant operation for delivering (i) efficient and reliable energy 
production, early detecting faults and maintaining predictively and (ii) flexibility in plant 
operation, adapting to the energy system needs. Additionally, it will model the hybridization 
process of hydro plant with hydrogen storage to provide an additional innovative pathway of 
flexibility provision through storage and RES coordination.
Sustainable hydropower: D-HYDROFLEX will support the biodiversity and environmental 
impact monitoring through digital solutions by using acoustic and image cameras for data 
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collection/analysis, algorithms for studying the fish species in the rivers will be developed and 
turbine discharge measurement technology for water usage monitoring.
Scientific impact: D-HYDROFLEX will advance excellence in research on sensors technologies 

hydroelectric power plants and by implementing solutions based on sensors, digital twins, AI 
algorithms, hybridization modelling (power-to-hydrogen), cloud-edge computing and image 
processing.

An impact is presented in the table below:

Table 20: D-HYDROFLEX impact assessment metrics

Impact area KPI

Hydropower plants planning and operation KPI_TI1: Turbine availability increase

Hydropower plants planning and operation KPI_TI2: Operation revenue increase

Hydropower plants planning and operation KPI_TI3: Technical protection of local networks and 
network devices

Hydropower plants planning and operation KPI_TI4: Energy production forecasting availability 

Hydropower plants planning and operation KPI_TI5: Operational efficiency increase

Hydropower plants planning and operation KPI_TI6: Maintenance cost reduction

Hydropower plants flexibility KPI_TI7: Improving cost-effective integration of RES

Hydropower plants flexibility KPI_TI8: Increasing system flexibility

Sustainable hydropower KPI_TI9: Environmental data availability and 
reporting

Sustainable hydropower KPI_TI10: Decrease of the impact on fish species 
during migration season

Scientific impact KPI_SI1: Diffusion of new knowledge on digital twin 
strategies for HPPs

Scientific impact KPI_SI2: Diffusion of new knowledge on fish 
dynamics and migration monitoring

8.3 D-HYDROFLEX demo metrics categorization

This section outlines the preliminary considerations for the metrics that will be used to assess the 
demonstration activities within D-HYDROFLEX. The detailed KPIs, which will form the basis of these 
metrics, will be defined comprehensively in D3.2 - -HY
awaiting the final definition in D3.2, the demonstration planning in this document aligns with the general 
objectives and anticipated focus areas of D-HYDROFLEX. The metrics for the demonstration will include 
indicators related to:

Performance
Usability
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Scalability
Any other specific criteria relevant to the success of each use case. 

Given the selection of KPIs in D3.2, the demonstration metrics will be updated or reviewed to ensure 
consistency and alignment in D6.2 - -
additional metrics specific to the demonstration process, if required, will also be incorporated at that 
phase.
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This report documents the characteristics of each D-HYDROFLEX pilot site with information on the
available assets and the key technical components which will be used for each demonstrator. A summary
of their characteristics is presented in the table below:

Demo HPP Area Tools developed in D-
HYDROFLEX project Data needs

Odra River, 
ca. 30 km 
down the 
river from 
Wroclaw

Digital Twin - HYDROFLEX Twin 
Integration Network (HYDRO-
Hydrological Modeling and 
Prediction (HYDRO-HMP)
Predictive Vibration and Insight 
Logger (HYDRO-PVIL)
HYDROFLEX Visualization System 
(HYDRO-VIS)

Operational 
parameters
Efficiency curves
Hydrological data
Precomputed CFD 
results
CAD Geometric data
Vibration and 
temperature data

Bratia

Bratia river, 

Muscel 
locality, 

County

Decision support tool for hybrid 
HPPs (HYDRO-SDS)
Weather and flow forecasting / 
Rainfall-runoff forecasting 
(HYDRO-WFF)
Fault detection and predictive 
maintenance system (HYDRO-
PREDICT)

Production data
Alarm messages

Salto de 
Touro

In Ulla River,
Touro area

Aging and degradation forecasting 
(HYDRO-DEFM)
H2 decision support model H2-
DSM (HYDRO-H2DSM)
Energy forecasting model 
(HYDRO-EFM)
Decision support tool for hybrid 
HPPs (HYDRO-SDS)
Weather and flow forecasting / 
Rainfall-runoff forecasting 
(HYDRO-WFF)

Turbined flow
Specific speed
Water head
Number of blades
Pitch control
Turbine rotation 
speed
Input voltage
Input current
Energy efficiency
Operating 
temperature
Operating pressure
Water flow rate
Water purity
Current/voltage ratio
Energy sale prices
River flux
River air basin
Plant coordinates
Solar radiation
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Mauzac
Dordogne 
River, SW of 
France

HYDRO-Recofish Acoustic videos
River Flow

Ilarionas

Aliakmon 
River, 
Northern 
Greece 

Dam Digital Twin (DAM-
Dam geometric digital model 
creation (DGDT)
HYDRO-FBOX

OT network traffic 
data
Geometric Data
Non-Geometric Data
Management 
Information
Sensor Data
Standard Data Models 
and Repositories
Interfaces and Data 
Exchange Formats
Process Descriptions
Condition Monitoring 
Data
AI and ML Data 
Requirements

Platanovrisi
Nestos River, 
Northern 
Greece 

It should be noted that the toolkit has not been officially defined at the time of writing this deliverable 
and its detailed description will be included in D3.2. However, the mapping of the tools per demo that is 
presented in the table above is based on the information collected so far in WP3 and thus consistent with 
what will be reported in D3.2.

In addition, this deliverable presents the development and deployment plans for each demonstrator, 

progress monitoring within WP6. The plan is illustrated in the figure below.
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Finally, it outlines the D-HYDROFLEX evaluation strategy presenting an initial list of KPIs that will be 
used to assess the 
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