
Enabling IoT-enhanced Data Models for Context-
aware Hydropower Plants

Nikolaos Papadakis,  Georgios Bouloukakis,  Kostas Magoutis

Session #5:
IoT for (Virtual) Reality

The 14th International Conference on the 

Internet of Things

22th November 2024  Oulu, Finland



The Renewable Imperative: A Call for Action
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Source: https://www.routledge.com/blog/article/what-is-sustainable-energy-and-why-do-we-need-it

Public Health

Energy Security

Carbon Footprint

Local Jobs



The Leading Sources of Renewable Energy
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Hydropower: Renewable Energy's Silent Giant

22 Nov 2024
Enabling IoT-enhanced Data Models for Context-aware 
Hydropower Plants

4

IRENA (2024), Renewable energy statistics 2024, International Renewable Energy Agency, Abu Dhabi.



Hydropower: Flowing Waters, Flowing Energy
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Hydropower, or hydroelectric 

power, is a renewable source of 

energy that generates power by using 

a dam or diversion structure to alter 

the natural flow of a river or other body 

of water. 



Towards “Smart” Hydropower

22 Nov 2024
Enabling IoT-enhanced Data Models for Context-aware 
Hydropower Plants

6

‘Smart’ hydropower

Example Features

Real-Time 

Monitoring and 

Automation

Predictive 

Maintenance
Reducing

Environmental 

Impact

IoT AI Data Analytics



The Di-Hydro Project: Digital maintenance for sustainable and 
flexible operation of HYDROpower plants
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Di-Hydro, an EU-funded project, is 

focused on advancing hydropower plants 

to align with the European Green Deal 

and the Paris Agreement. Its goal is to 

revolutionize plant operations by making 

them smarter, more efficient, and 

environmentally friendly

This project has received funding from the European Union’s Horizon Europe Research and Innovation Programme under grant 

agreement N° 101122311



How Di-Hydro Transforms Hydropower: Use Cases
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Use Case 1 - Greece

Digital Twin/Predictive maintenance/ 
Decision support platform

Ilarionas HPP Thisavros HPP Pournari HPP Ampezzo and Somplago HPPs

Use Case 2 - Italy

Inflow forecasting

Međuvršje HPP

Real-time water quality 

monitoring system

Use Case 3 - Serbia

Powered by Data!



How to represent data: Smart Hydropower Data Models
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Booshehri et al. 2021, Kofler et al. 2012

Energy Ontologies

Wangchuk et al. 2024

Building Information Modeling IoT Device Data Models 

and standards

https://smartdatamodels.org/



Data Modeling Issues and Needs
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Data Model 1 

Data Model 2

Data Model 3

Data Model ??

Common functionalities and 

components of energy management 

systems

Concepts of specific Hydropower Plant 

components and applications 

No Industry “Standard” Data model 

exists here!  



Context Data we would like to have represented
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Penstock valve Guide vane link rods Pipes with potential biofouling



Data Modeling: Importance of Context
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We have a ‘Small 

Scale’ Hydro Power 

plant

We have trained an AI 

decision model on our 

‘Small Scale’ Hydro 

Power Plant

Perfect, we can use 

this on our Plant
Context Ambiguity! 



What we want to have…
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A way to model the structural and operational 

components (Static Data) …

A way to model the IoT components, their 

measurements and their actuations (Dynamic Data) …

While also enabling strong context aware queries 

without contextual data ambiguity.

The Di-Hydro NGSI-LD 

Smart Data Models
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NGSI-LD in a nutshell



Two Types of Entities in Hydropower Data Modeling

22 Nov 2024
Enabling IoT-enhanced Data Models for Context-aware 
Hydropower Plants

15

Static Data Dynamic Data



Di-Hydro Data Models: Static Data
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Properties

Relationships“HydroPowerPlant has Dams"

and "Dam is part of HydroPowerPlant,"



Di-Hydro Data Models: Static Data
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Di-Hydro Data Models: Dynamic Data
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Bouloukakis et 

al. IoT’22



Di-Hydro Data Models: Dynamic Data
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Based on Papadakis et. al. 

CSWI’2022

Decoupling of device data from 

observartions



Di-Hydro Data Models: Dynamic Data
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Temperature 

sensor Observation

25 C

Id: urn:sensor1Id: urn:sensor15 Id: urn:observation24



The Di-Hydro Envisioned Federated Ecosystem
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Implementation in a Federated Context
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Federated “Node” Design



Modeled and deployed real Smart Hydropower Plant Data
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Example “Anonymized” Version of Subset of technical 

description of Hydropower Plant data

Multi sensor module and crack 

growth meter



“Validation”, examples of enabled Queries
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The Road Ahead…
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Di-Hydro Data 

Model V 0.1

Available as Open 

Source!
Continuous refinement and 

feedback from partners

Di-Hydro Data 

Model V 1.0

Today! The future

Industry 

Adoption



Thank you all for Listening! Let’s Stay in Touch
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Check out our 

Lab and more 

of our works !

Feel free to contact me at:

nikolaos.papadakis@telecom-sudparis.eu


