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Abstract  Deliverable D 1.1ӑDigital transformation of the HP sectorӒaims to cover the 

topic of digitisation in the hydropower sector in terms of operation and 

maintenance (O&M). Specifically, the research that has been carried out 
shows the technological trends employed by hydropower plants or 

products that are available in the market. Digitisation of O&M is defined 

and presented through different thematic fields such as digital twins & 
plant digitisation, inflow forecasting, predictive maintenance, KPI 

monitoring, applications of robotics for monitoring, augmented/ virtual 

reality applications, environmental monitoring and other fields. The 

research also extends into a survey mostly with European hydropower 
plants that identify their level of digitisation, key technologies used and 

obstacles to digitisation. Finally, the deliverable introduces the six 

hydropower plants that participate in the Di-Hydro project from three 

power companies i.e. PPC- Grece, A2A Italy and EPS- Serbia, covering their 

technical characteristics as well as how O&M is affected by digitisation, 

weather and water flow, environmental, biodiversity or socioeconomic 
parameters.   
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EXECUTIVE SUMMARY 
 
2@= ;MJJ=FL <G;ME=FL J=HJ=K=FLK "=DAN=J9:D= " ҏӄҏ ӑ"A?AL9D LJ9FK>GJE9LAGF G> L@= &.

K=;LGJӒ G> L@= "A-Hydro project. Its aim is twofold: a) setting the scene in terms of the 

digitisation that exists in the hydropower (HP) sector and b) introduce the hydropower 
plants (HPPs) that participate in the project and identify the state of digitisation across 

these HPPs. Emphasis is given in terms of digitisation of Operation & Maintenance (O&M) 

aspects of HPPs. To carry out this task, this deliverable presents: 1) what does digitisation 
of O&M means, 2) brief examples of case-studies of HPPs that have applied various relevant 

technologies, 3) as well as examples of products that are available in the market for 

digitisation. Furthermore, this deliverable presents research projects that have been 

funded in the EU that are relevant to the hydropower sector in order to present some trends 
in terms of digitisation. A small survey was also conducted aiming at HPPs available in the 

sector in order to gain further insight of the digitisation of the hydropower sector. Finally, 

the deliverable presents the technical characteristics of the Di-Hydro HPPs. Specifically, 

three plants from PPC in Greece (Ilarionas, Thisavros and Pournari), two plants (Ampezzo, 

Somplago) and one dam (Novarza dam) from A2A in Italy, and one plant from EPS in Serbia 

(+=řMNJǂB= &..). 
 

Digitisation of HPPs in terms of O&M refers to the application of digital communication and 

information technologies to the fields presented below. In fact, during the literature review 

it was deemed necessary to extend the outreach to the last three topics in order to show 
the extent of digitisation in the sector.  

¶ Digital twins 

¶ Forecast modelling 

¶ Predictive maintenance 

¶ Real time KPI monitoring 

¶ Digital workforce management 

¶ Augmented and virtual reality 

¶ Unmanned vehicles and robots  

¶ Environmental monitoring 

¶ Digital solutions for fish monitoring  

¶ Cybersecurity  
 

Some of the key examples of applications of digital twins (DT) on HPPs were: 4#0 3,"ӐK

Digital Hydropower Plant 4.0 pilot initiative, Alder Dam, La Batiaz power plant, Turlough Hill 
pumped storage station, Alqueva II, Sumjin river basin. Overall, trends do show the use of 

digital twins. However, these are limited and, in many cases, do not cover entire plants. In 

some, cases the digital twins are more isolated to the generator and turbine units or 

penstock. Such digital twins require instrumentation of the entire power generator units, 

which is crucial in terms of digitisation, while also being necessary for health monitoring of 

the turbine, as well as being an instrument for predictive maintenance. Digitisation of all 

key health parameters of a power plant using various types of sensors is also becoming 
more common and these are usually related to Supervisory Control and Data Acquisition 
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(SCADA) systems, vibrometers, accelerometers and other forms of instrumentation. 

Furthermore, another form of digitisation that has been identified is inflow forecasting, 
which is crucial for production planning, optimization of O&M of the plant and can be used 

with forecasting of energy market prices for planning long-term investments.  In addition, 

drones and robotic systems have begun to find applications in the hydropower industry for 
indoor and outdoor surveying, machinery and infrastructure inspections, water quality 

monitoring or even security. Their penetration into this industry will become even more 

relevant in the future by removing the safety aspects of inspection or monitoring, that are 

carried out by humans. Their easy mobilisation and deployment on the field, allows 

operators to remotely monitor parameters more frequently, especially for underwater or 

environmental monitoring applications. Such applications of drones have been 

documented at Axpo, Verbund, Illwerke vkw AG as well as in the USA. Visualisation 
technologies like virtual reality (VR) or augmented reality (AR) are also playing a part in 

digitisation of HPPs and offer the ability to transfer all the various collected data into a 

virtual world. However, the advent of digital technologies may bring rise to cyber security 
aspects and vulnerabilities to critical infrastructure like HPPs.  

 

Another aspect of D 1.1 was to present a number of hydropower related EU research 

projects. The main aim was to present their thematic fields and identify relevant digitisation 
research.  

 

In order explore digitisation of the HPP sector, the scope of the research also extended in 
carrying out a survey that was circulated at the social media hydropower forums, contacts 

of the Di-Hydro consortium as well as the two other sister projects, D-HYDROFLEX and iAMP-

Hydro, that were funded under the same Horizon Europe call. The trends identified in the 
literature review are also supported by the online survey on digitisation of HPPs that was 

carried out, where forecast modelling and digital sensor technologies (for monitoring) were 

the most common technologies applied by the respondents. Even though the survey 

sample was small, digital twins were less common. Most of the companies or HPPs that 
responded did have a digitisation strategy or plan. In terms of maintenance strategy, the 

majority of the companies used preventive maintenance, while 45% used reactive and only 

18% used predictive maintenance. Another interesting finding from the survey in terms of 
the obstacles to digitisation of O&M was that of capital cost, followed by age of equipment. 

In the latter case one of the comments was that some equipment was too old and not 

designed to be digitised. Therefore, it can be concluded pushing towards hard digitisation 
of an HPP might not always be the solution. Instead, a more holistic evaluation of the needs 

of the plant are required. 

 

The last part of the deliverable presents details of the Di-Hydro HPPs were their locations 
and technical details are described. O&M aspects of the different plants are presented, 

followed by a review of how digitised the different plants are and what needs they have. 

Also, the planning and decision-making process of the plants is shown and how that is 
affected by various elements such as maintenance, digitisation or socioeconomic elements. 
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The needs of each plant and partner are different and these will be explored further in the 

next parts of the Di-Hydro project after carrying out technical visits to the different HPPs 
and explaining the details of the use cases where different technologies will be applied i.e. 

1) Development of a digital twin Ӧ>GJ GF= G> ..!ӐK &..Kӧ and calibration of the Di-Hydro  

decision making platform; development of condition monitoring/ structural health 
monitoring sensors and predictive maintenance algorithms; underwater inspections; 

biofouling prevention on PPC HPPs, 2) inflow forecasting and use of flow metering sensors 

on A2A Friuli plants and 3) development of sensors for environmental and biodiversity 

EGFALGJAF? >GJ L@= #.1 +=řMNJǂB= &.., 4) development of the Di-Hydro decision making 

platform and its application under the different use cases. 
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1. INTRODUCTION  
 
The current document represents Deliverable D 1.1 ӑ"A?AL9D LJ9FK>GJE9LAGF G> L@= &.

K=;LGJӒ of the Di-Hydro project, funded by the #MJGH=9F !GEEAKKAGFӐK #MJGH=9F !DAE9L=Ӆ

Infrastructure and Environment Executive Agency (CINEA). 
 

Deliverable D 1.1 is the first technical deliverable of the Di-Hydro project under Work 

Package (WP) 1- Ʉ"A?AL9D LJ9FK>GJE9LAGF LGGDK >GJ &. -Ȏ+Ʌ, with the aim of setting the scene 
in terms of the digitisation that exists in the hydropower (HP) sector and identifying the 

state of digitisation across the hydropower plants that are participating in the project. 

Emphasis is given in terms of Operations & Maintenance (O&M) of hydropower plants 

(HPPs). 
 

Overall, WP1 aims to collect all the preliminary required information of the project in order 

to set the scene and identify the gaps and requirements where the Digital Twin and the 

Decision support system that will be developed under WP3- Ʉ&. <A?AL9D EG<=DAF? >GJ GHLAE9D

-Ȏ+Ʌ and WP4- Ʉ.ADGL GHLAEAR=< KQKL=E >GJ <A?AL9D &. -Ȏ+Ʌ respectively will come to fill in. 

 
The key objectives of D 1.1 are the following: 

¶ Collect data from literature regarding the digitisation of different HPPs in Europe as 

well as from across the world. Examples of digitisation will cover Digital Twins (DTs), 

digitisation of operations, introduction of new technologies that can provide better 
control of machinery and the HPP, commercial solutions for digitisationӅ =L;ӈ 

¶ Provide examples of digitisation in maintenance of HPPs. 

¶ Provide information about the potential benefits of digitisation in the HP sector. 

¶ Digitisation and environmental monitoring. 

¶ Digitisation of fish monitoring. 

¶ Describe the characteristics of the 6 HPPs of the three power companies (PPC-
Greece, A2A Italy and EPS-Serbia) that are participating in the project. 

¶ Identify the O&M practices carried out at the 6 hydropower plants (HPPs) that are 

participating in the Di-Hydro project with the aim of understanding their needs in 

terms of the project. 

¶ Carry out internal surveys for identifying the aforementioned information as well as 

how decision making is affected by these parameters.  

¶ Identify socioeconomic aspects of HPPs and how they affect decision making. 
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2. RESEARCH METHODOLOGY 
 
To achieve the aforementioned objectives of section 1, a research methodology was 

devised. Thus, the current deliverable can be divided into two thematic sections. The first 

part is the state of the art on digitisation of the hydropower sector while the second covers 
the specific issues of digitisation on the hydropower plants that participate in the Di-Hydro 

project. Figure 1 presents the overall research methodology of the deliverable. 

 
The state of the art would require carrying out a literature review on real-life examples of 

HPPs that have used digitisation technologies of various types as well as commercial 

digitisation products that are designed for this specific sector. In addition, the state of the 

art will cover brief synopses of research projects with relevant topics on digitisation. The 
state of the art would aim to define what is digitisation of O&M in the HPP sector, identify 

the different areas of digitisation and present examples. On the other hand, the last part of 

the deliverable is dedicated to introducing the 6 HPPs that participate in the Di-Hydro 

activities. A questionnaire has been developed that covers different thematic fields and is 

not limited to digitisation. This was required to cover other topics within the project as well 

as the specific objectives of D 1.1. Specifically, this general questionnaire contained the 
following topics identification O&M practises, b) assessment of digitalisation and c) gain an 

understanding how decision making is affected by environmental, meteorological, water 

flow, biodiversity parameters at the different use case HPPs. 

 

 
Figure 1. Research methodology for digitisation of the HP sector 

Source: Own elaboration 

 

 

 

Digitisation of HP 
O&M

State of the art

Examples of 
digitisation 

(products/ HPPs)

Research projects 
on digitisation of 

HPPs

Small industry 
survey on 
digitisation

Di-Hydro HPPs

Questionnaire on 
digitisation and 

O&M issues



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 18 of 209 

 

 

3. STATE OF THE ART ON HP DIGITISATION OF O&M PRACTICES IN 
EUROPE & GLOBAL EXAMPLES 

 

Hydropower (HP) is considered the backbone of low carbon energy production providing 
almost half of it (IEA, 2021). According to IEA (2021), in 2020, hydropower supplied one sixth 

of the global energy production generation, taking the position after coal and natural gas. 

In the last 20 year the total global capacity of hydropower rose by 70% (IEA, 2021). However, 
its share of total energy generation has remained stable due to growth in other renewables 

and conventional sources like wind, photovoltaic, of total generation stayed stable due to 

the growth of wind, solar PV, or coal and natural gas. 

 
Cumulative hydropower and pumped storage installed capacity at a worldwide level has 

been estimated to 1,397 GW (Statista, 2024). In 20214, renewable energies accounted to 17% 

of the energy mix of the European Union, with petroleum products dominating with 34% 
(Eurostat, 2024b). Out of the aforementioned EU energy mix, 12.9 % is produced through 

hydropower generation (Eurostat, 2024a). Figure 2 shows the production of electricity by 

source of energy per country as well as the average values for the European Union (top row). 
The energy mix and production sources are obviously affected by the infrastructure and 

natural resources of the different EU member states. 

 

 

 
4 Latest available figures by Eurostat 
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Figure 2. EU production of electricity by source for 2021 

Source: Eurostat (2024a) 

 

In Europe the hydropower installed capacity for 2022 was 258 GW5 (International 
Hydropower Association, 2024).  

 
Table 1. Global hydropower potential per region  

Region Indicative Potential 

Hydropower Capacity 

(GW)* 

Installed capacity 2022 

(GW)** 

East Asia and Pacific** 1100 464 

South and Central Asia**  600 157 

Africa 630 37 
North & Central America 620 184 

South America 500 179 

Europe 350 202 
*Indicative figures  

**Installed capacity does not include pumped storage 
Source: International Hydropower Association (2024;13) 

 

 

 

 
5 Latest available figures including pumped storage 
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Hydropower offers a great potential for a transition towards decarbonisation due to its 

ability to mitigate negative effects of intermittent  power generation from renewable energy 
sources, as well as to mitigate climate change by offering water storage and supply (Corà 

9F< +Aǂ=;@Ӆ2021). Compared to other renewable energies sources, hydropower has 

achieved a higher level of maturity and has been a source of providing energy whether 
electric or mechanical for centuries (especially in the latter form) (Kougias et al., 2019).  

 

It is estimated that 50% of the hydropower plants (HPPs) worldwide were commissioned at 

least 40 years ago (Andritz Hydro GmbH, 2019) with similar numbers reported for Europe, 

where) 70% of the installed HPPs 

have an average age of 42 years 

(Leguizamon-Perilla et al., 2023), 
while Kougias (2019) suggests an 

average age of 46 years. Figure 3 

presents an estimation of the 
average age of the installed 

capacity of HPPs worldwide. 

North America seems to have the 

oldest fleet of HPPs with an 
average age of around 50 years 

while the average age of Chinese 

HPPs is about 12 years. This 
percentage is probably brought 

down due to about 40% of the 

fleets having an age of between 
10-20 years.    

 

Potential modernisation of the existing fleet of HPPs will lead to reduction of downtime, 

increase safety, reduce operating costs, and increase profitability (Ossai, 2017). The 
International Hydropower Association (2022) expects that by 2030, over half of the existing 

world hydropower capacity will have undergone or will be due to undergo modernisation. 

According to Quaranta et al. (2021), modernisation can vary and may include different 
practices such as dam heightening, reduction of head losses in waterways and penstocks, 

new or more flexible electromechanical equipment, digitisation and inflow forecasts, 

floating photovoltaics, increase of installed power (i.e. additional turbines, new parallel 
waterways with new powerhouse), increase of annual inflow or start and stop improvement 

In this deliverable the focus is on digitisation of the hydropower sector and HPPs in 

particular. 

 
Modernisation of the European hydropower facilities and specifically digitisation could 

increase efficiency of power generation for the European fleet by 1%, while inflow forecast 

could increase the generation by 11% (Quaranta et al., 2021). Other improvement strategies 
like new electromechanical equipment could improve efficiency by 4-6% (Quaranta et al., 

2021). It is estimated that modernisation of all existing plants on global level, will account 

Figure 3. Worldwide hydropower average age of installed plants 

Source: Leguizamon-Perilla et al. (2023;3) 



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 21 of 209 

 

to almost 90% of the total hydropower investments by 2030, which is estimated to 276.5 

billion EUR within this decade (IEA, 2021). This modernisation of HPPs and specifically 
digitisation that the Di-Hydro project as well as this deliverable are dealing with, could 

come in various forms which will be explored in the next section. 

 
3.1 What is digitisation of HPPs 

 

Digitisation of the hydropower sector and specifically HPPs is multifaceted. The term 

digitisation as in many other industries refers to the application of computerised 

information and processing of data that could come from all stages of the supply chain 

within energy production (Water power magazine, 2020). Quaranta et al., (2021, 2023) 

suggest that digitisation covers the use of information, communication and control to 
improve operation and efficiency and performance of HPPs.   

 

In contrast to other renewable energy industries, like photovoltaic or wind turbines, where 
only a few components require digitisation, in the case of HPPs, digitisation is required by 

both infrastructure, machinery, plant surroundings and operational conditions 

(Leguizamon-Perilla et al., 2023). The motives of digitisation according to an industry report 

can be summarised below (International Hydropower Association, 2019): 
 

¶ Digitisation is key to growth of the of the hydropower sector by capturing the value 

of data. 

¶ Maintenance and its cost can improve through the application of diagnostic 
services, acoustic monitoring or remote expert support. 

¶ Solutions like digital twins allow replication of operations under different conditions 

without requiring the plant to shutdown. 

¶ Assets including those at their end of life can be digitised. 

¶ Digitisation can allow efficient operations while variable renewable technologies 
like wind and solar penetrate the energy market. 

 

Arch et al. (2019;14), provide a general definition of digitisation as digital technologies 

(sensors, connected devices, network equipment, infrastructure and systems) that can reduce 

;GKL GJ E9Q ;@9F?= 9 ;GEH9FQӐK :MKAF=KK EG<=D L@9L E9Q ;J=9L= F=O J=N=FM= KLJ=9EKӄ 

Three generic categories of digitisation are defined covering (Arch et al. 2019): 

¶ New sources of data and communications. 

¶ Decision support system that may provide analytics and visualisation of the data. 

¶ Automation and control. 

 

A list of digital technologies relevant to the hydropower sector also presented by Arch et al. 
(2019) in Figure 4. The list covers: 

¶ Digital twins. 

¶ Forecast modelling. 

¶ Predictive maintenance. 

¶ Real time KPI monitoring. 



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 22 of 209 

 

¶ Digital workforce management. 

¶ Augmented and virtual reality. 

¶ Unmanned vehicles and robots.  
 

 

 
Figure 4. Digital technologies and their applicability  in the main generic areas of digitisation  

Source: Arch et al (2019; 32) 

 

A similar list of digital technologies and areas of applications relevant to the life cycle of the 
HPP is provided by Girling (2018). Figure 5 presents how digitisation can be applied to 

different aspects of an HPP, beginning from its design & construction phase and covering 

the initial digitisation of the plant drawings and plans (both plant and surrounding 
topography), the use of potential optimisation of any designs and how such data can be 

used to carry out virtual training of the personnel or visualise the plant layout. Similarly, 

applications of digitisation in plant operations may cover real time sensory data which may 

in turn be used for controlling the plant remotely or creating a virtual plant as part of Digital 
Twin application. The application of Machine Learning (ML) and Artificial intelligence (AI) 

can be applied to support decision making and assist with automation of the HPP as it will 

be described later on. Finally, digitisation of the maintenance aspects requires the use of 
connected sensors and monitoring systems that can supply data which can in turn be used 

for remote condition monitoring and maintenance. Once again, the use of ML/AL can be 

used for predicting when a plant (infrastructure, machinery or critical equipment) will 
require maintenance not only taking into account maintenance requirements but also 

environmental, biodiversity, or socioeconomic parameters. 
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Figure 5. Digitisation technologies across the KH=;LJME G> 9 @Q<JGHGO=J HD9FLӐK DA>=-cycle 

Source: Girling (2018;13) 

 
 

Regardless of whether rapid technological advances are being made in the industry, with 

big data analytics and machine learning being in the forefront, affordable sensors, remote 
sensing, real-time monitoring (Quaranta et al., 2023; Garrido-Baserba et al, 2020), the water 

industry in general is still lacking in terms of digitalisation. The causes for this lack can be 

summarised as (Quaranta et al., 2023): lack of standardised digital solutions; difficulty in 

adoption of open-source solutions due to contractual obligations by operators; existing 
solutions might not be compatible with others; uncertainty in terms of cyber security. 

 

The following section will provide an overview of digitisation technologies and how these 

are applied in the industry either in real life applications or commercial products that are 

available. 

 
3.2 Digital twins & plant digitisation  

 

A digital twin (DT) refers to the representation of a system in real life with a digital replica 

environment using real time data and combining mathematical models, sensors and 
measurements (Arch et al., 2019; Wright and Davidson, 2020). The DT term has been used in 

various industries from aerospace, manufacturing, oil rigs, wind turbines, ships, 

transportation, healthcare up to HPPs. Digital twins are not only visualisation tools but also 
provide evaluation and predictive analytics that replicate how a system behaves (Arch et al. 

2019; Wright and Davidson, 2020). The term DT in many cases has been poorly used to 

describe a model (Wright and Davidson, 2020). According to the same authors, it is implied 
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that a digital twin should consist of three elements:  the model of the system, evolving data 

relative to the system and the ability to dynamically adjust or update the model according 
to the data. Similarly, Wang et al. (2021), suggest that a DT requires three elements, a 

physical product, a virtual product followed by a link that connects the two products 

together through different communication schemes.  
 

Digital twin applications may not be limited to digitising whole systems and may contain 

only specific subsystems. Examples of various digital twin applications are provided below. 

 

4#0 3,"ӐK "A?AL9D &Q<JGHGO=J .D9FL ҒӄҎӎ 

VERBUNDӅ MKLJA9ӐK D=9<AF? =D=;LJA;ALQ ;GEH9FQ and one of EuropeӐK largest hydropower 

energy producers, AFALA9L=< L@= ӑ&Q<JGHGO=J ҒӄҎ- "A?AL9D &Q<JGHGO=J HD9FL HJG?J9EӒ in 
Rabenstein power plant during 2019.  

 

" Hydropower 4.0- Digital Hydropower plant Ӓ 
Various technologies were tested at the Rabenstein power plant in Styria, located at the 

river Mur. Specifically, intelligent sensors, anomaly detection, forecasting models, digital 

twins, mobile assistance systems, a virtual power plant model, including autonomous 

underwater surveillance drone were combined with inspection applications and 
connected through a platform to create a network of interconnected modules.  

 

In this specific case, the DT refers to the forecasting models that were developed utilising 
data from sensors to calculate the service life of critical machinery components. Other 

digital technologies like the mobile devices i.e. tablets, smartphones or smart glasses 

were used to assist the technical staff with providing information for troubleshooting 
malfunctions. In addition, a virtual power plant model that was developed, was used to 

virtually represent areas of the plant that was used for applications such as training 

purposes of the personnel, preparation of contingency/emergency plans or for general 

preparing O&M procedures. 
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Figure 6. VerbundӐK ӑ&Q<JGHGO=J ҒӄҎ- "A?AL9D &Q<JGHGO=J HD9FLӒ 9F< 9HHDA;9LAGF G> <A?AL9D LOAFK 

Source: Verbund (2019) 

 

Key outcomes 

Reduction of total cost of inspections through the development of anomaly detection 
models using data analytics for HPPs in order to detect malfunctions in advance and 

schedule maintenance earlier. Shutdowns for maintenance and repair could be 

scheduled more precisely. 
 

Area of digitisation:  Digital twins, predictive maintenance, plant modelling and 

visualisation, remote operated vehicles. 

 

Source: Verbund (2019, 2020). 

 
4#0 3,"ӐK "A?AL9D &Q<JGHGO=J .D9FL ҒӄҎ- Digital twin of turbi ne runnerӒ 

Under the same Digital Hydropower Plant 4.0 initiative, Verbund with the assistance of 

CADFEM Group also developed a 3D CAD model of a turbine runner which is used to carry 

out simulations for strength calculations. The simulations were used to identify critical 
failure points and the maximum stress on the components. Also, data from installed 

sensors on the turbine combined with the virtual data, provided real-time overview to a 

dashboard of the Rabstein turbine 1. This application was a proof of concept. 
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Figure 7. Digital twin of a turbine  

Source: Gebhardt (2019;2) 

 
Key outcome 

Through the application of the digital twin and simulations, the company was able to 

assess in a more accurate way the service life of the turbine, which was previously 

conducted with an excel spreadsheet.  
 

Area of digitisation:  Digital twins, predictive maintenance, turbine modelling and 

visualisation. 

 

Source: Gebhardt (2019). 

 
Alder Dam Digital Twin  

The Alder Dam is located at the Nisqually River in Washington State, USA. A DT project 

was initiated and led by the Pacific Northwest National laboratory and the Oak Ridge 
National Laboratory. The aim of the initiative is to modernise the hydropower plant which 

was completed in 1945. 

 
In 2021 the two aforementioned laboratories have launched an initiative of designing, 

developing, prototyping and demonstrating L@= ӑ"A?AL9D 2OAF >GJ &Q<JGHGO=J 1QKL=EK

Ӧ"2&1ӧ HD9L>GJEӒ (US Department of Energy, 2024). Although the information regarding 

the application of this DHTS platform is rather limited, a brief synopsis is provided within 
this section. The DHTS platform offers 1) Internet of Things (IoT) capabilities, 2) data 

acquisition and integration from the power plant, 3) ability to define data on the platform, 

and 4) ability to process, model and manage data. The platform itself is designed as open 
access and will allow predictive maintenance analytics for control and optimisation of 

O&M and grid services. These services will be applied to the Alder Dam to create its DT. 

 
According to the Pacific Northwest National Laboratory (2024) data of the water levels 

and flow rates including other parameters have been collected to model, train and 

validate the DT again the actual physical plant. 
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Figure 8. Alder Dam 

Source: Pacific Northwest National Laboratory (2024) 

 

Key outcomes 

Although the project is underway the key outcome is to allow the operator to monitor 

performance though the DT, offering the ability to identify deviations from normal 
operations, including allowing simulations that can predict failures, maintenance and 

repairs (Pacific Northwest National Laboratory, 2024). Hou and Ahmed (2023) provide an 

overview of the parts and machinery of the plant that were modelled including their 
relationships among the objects.  

 

Area of digitisation: Digital twin, predictive maintenance, plant modelling 

 

Source:  Pacific Northwest National Laboratory (2024), US Department of Energy (2024), 

Hou and Ahmed (2023). 

 

The Hydro-Clone Digital Twin Technology 

The Hydro-Clone is an innovative Real-Time Simulation Monitoring System (RTSM) by 
Power Vision Engineering. It is a numerical copy of a hydropower plant that is able to 

reproduce in real-time any dynamic behaviour of the installation based on boundary 

conditions measured in situ. Hydro-Clone diagnoses the health of the plant through 

numerical cloning of the major hydraulic and electrical components. The system handles 
the tasks of real-time acquisition and transfers the measured boundary conditions and 

quantities to the model for data processing and diagnosis of the power plant health. 

 
A database system enables the display and analysis of results. Analysis and comparison 

of simulated and measured quantities leading to the health state and behaviour 

monitoring of plant components and estimation of quantities. 
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Figure 9. Hydro-Clone digital twin monitoring system  

Source: Power vision engineering (2024) 

 

Application : 200 MW La Batiaz power plant 

 
Key outcomes/impact : The analysis and comparison of simulated and measured 

quantities enable the system to understand at any time the health state and behavior of 

all essential components of the plant and to estimate non-measured or non-measurable 
quantities throughout the whole system. Continuously operating for more than 5 years. 

 

Area of Digitalization : Digitisation of O&M. 
 

Source: Power vision engineering (2024), Quaranta (2020). 

 

Digital Twin of the Turlough Hill pumped storage station  
Turlough Hill AK DG;9L=< AF L@= K;=FA; 5A;CDGO +GMFL9AFK 9F< AL AK 'J=D9F<ӐK GFDQ HMEH=<

storage power station. The station exploits the difference in height between two 

reservoirs and can generates up to 292MW during peak demand periods thanks to four 
turbines with a capacity of approximately 73MW each. During periods of lower demand, 

water is pumped back to the upper reservoir, ready to be used again. The upper reservoir 

is an artificial reservoir with a capacity of 2.3 Mm3. The lower reservoir is a natural lake 
that holds twice the usable cubic metres. 

 

The project focus on a digitalisation initiative by the Electricity Supply Board at Turlough 

Hill, which was 47-year-old at the time when the project started, aiming at assessing 
structural health of the pumped storage station, and determining if it could continue 



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 29 of 209 

 

operating safely. This led to the creation of a digital twin of the facility to monitor its 

structural health in real time and assess its longevity. The digital twin, a sophisticated 
structural model that represents the entire physical replica of the plant, integrates live 

data from sensors to mirror the station's current condition accurately. The initiative was 

driven by the need to extend the operational life of this critical energy infrastructure while 
ensuring safety and reliability. The digital twin project was part of the Free Electrons 

Accelerator Programme, showcasing how innovative digital solutions can transform 

traditional energy sectors. The implementation faced challenges such as digitizing 

extensive historical analogic data and creating a detailed model to simulate the asset's 

operational cycles. Despite these obstacles, the project was successfully implemented, 

demonstrating the potential of digital twins in enhancing asset management and 

operational efficiency. 
 

 
Figure 10. Digital twin of the Turlough Hill pumped storage station assets 

Source: Global infrastructure hub (2021) 

Key outcomes 

The digital twin project aimed to extend the asset's life by 20-50%, reduce inspection 
frequencies, and optimize operational cycles, potentially offering substantial economic 

benefits, including cost savings and increased uptime. The use of the digital twin allowed 

for more targeted inspections, reducing the need for extensive physical checks by 30-

40%. It also provided insights into the asset's performance under different operational 
conditions, helping to identify the most efficient and safe operational strategies. This 

approach not only saved significant costs but also reinforced the asset's role in 

supporting Ireland's transition to a low-carbon economy by ensuring its longevity and 
reliability. The project exemplifies the value of digitalisation in modernizing existing 

energy infrastructure, highlighting its role in achieving sustainability and operational 

excellence. 
 

Area of digitisation : Digital twins, O&M, Monitoring, Control System  

 

Source: Global infrastructure Hub (u.d.; 2021)  
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Enel Green Power (EGP) Spain - GE Renewable Energy  
2@= Ґ ;GEH9FA=K OADD ;J=9L= 9 ;=FLJ9D :9FC G> <9L9 9:GML L@= GH=J9LAGFK G> #%.ӐK &..KӅ

collecting and analysing data points from sensors inside each plant. GE has its Asset 

Performance Management (APM) software that can learn the complete behaviour of the 
turbine, identifying new operation areas and enabling production capability without 

degrading safety, and to catch problems before they occur.  

 

FGL@=J 9KK=L AF %#ӐK E9F9?=E=FL K=JNA;= AK L@= "A?AL9D 2OAF Ӧ"2ӧӅ Aӄ=ӄ J=;GFKLJM;LAGF G>

L@= HD9FL MKAF? K=N=J9D <9L9 KGMJ;=K ӦKAL= E=9KMJ=E=FLKӅ K;9D=< EG<=D L=KLKӅ ӈӧӅ

allowing plant operators to know the weaknesses and optimal running conditions of their 

plants, considering different performance scenarios and business models. 
Energias de Portugal (EDP) is <=HDGQAF? %#ӐK .+ KG>LO9J= GF Ґґ &..KӅ O@A;@ HJG<M;=

about 5.5 GW, planning to extend the service to their remaining 11 HPPs. Given that 

Ӧ#%.Ừ#".ӧ %# OADD KGGF := EGFALGJAF? 9 :A? H9JL G> ':=JA9ӐK &. >D==L Ӧ9:GML Җӄҕ %5ӧӄ 

 
Figure 11ӄ "A?AL9D J=HJG<M;LAGF G> 9 &..ӐK LMJ:AF= 

Source: GE (2019) 

 

Application: #%.ӐK &..K AF 1H9AF 

 

Key outcomes/impacts 
As a result of participating in these consulting services, GE declares that APM software 

can decrease failure rate of their power stations by up to 50%, reduce maintenance costs 

by 10% through prevention of unnecessary repairs and early detection of faulty 
components. 

 

Area of digitisation: O&M 

 

Source: GE (2019). 
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Digitisation of the Sardar Sarovar HPP Control System 

The Sardar Sarovar Dam is located near the town of Kevadiya, in Narmada District, in the 
Indian state of Gujarat. It was built for water supply purposes (irrigation, civil and 

industrial uses) and for hydropower generation. It is a concrete gravity dam, 1210 meters 

long and 163 meters high. The dam is built on the Narmada River and gives rise to the 
Sardar Samovar Reservoir. The reservoir is characterized by a maximum length of 214 km, 

a maximum width of 16.1 km, a surface area of 375.33 km2 and an active capacity of 5.860 

km3. The hydropower plant is composed of two power houses. The first is the River Bed 

Power House that is an under ground power house stationed on the right bank of the river 

located about 165 meters downstream of the dam. It has six number of Francis type 

reversible turbine generators each of 200 MW installed capacity. The second is the Canal 

Head Power House that is a surface a power plant on the intake for the main canal and 
contains five 50 MW Kaplan turbine-generators. Therefore, the total installed capacity of 

the Sardar Sarovar HPP is 1,450 MW. 

 
The Sardar Sarovar HPP was equipped with an early '90s control system that, over the 

years, began to show its age, particularly the Human Machine Interface (HMI) system, 

which was crucial for monitoring and operating the plant efficiently. This outdated 

system meant that for certain tasks, engineers had to physically move significant 
distances since the remote control options were non-functional. 

 

Therefore, the plant operators together with the company ABB Ltd. embarked on a 
detailed analysis, initially considering a complete system overhaul. However, they opted 

for a more nuanced approach, upgrading specific parts of the system with new 

components and solutions. This targeted upgrade included introducing a new HMI 
system that allowed for streamlined startup and shutdown operations, auto-

synchronization of the plant's generating units, and a new station for engineering and 

diagnostics purposes. These improvements were aimed at creating a single, integrated 

platform for plant operations, enhancing the ease of use, reliability, and efficiency of the 
plant. 

 

 
Figure 12. Sardar Sarovar Dam 

Source: Gujarat tourism (2024) 
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Key outcomes 

The completion of the upgrade in July 2011 marked a significant improvement in the 
plant's operations. With the new HMI system, it became possible to manage plant 

operations more effectively, coupled with better monitoring and diagnostic features. The 

implementation of auto-synchronizing technology also contributed to more consistent 
operations and enhanced grid integration. 

The impact of the upgrade extended to various operational aspects, resulting in a more 

reliable control system, simplified operations, and improved monitoring and diagnostic 

functions. The project effectively addressed the key operational challenges faced by the 

plant, ensuring a move towards improved efficiency and reliability. This upgrade, 

supported by ABB's ongoing maintenance services, demonstrates the importance of 

targeted technological enhancements in maintaining the operational viability of existing 
facilities. 

 

Area of digitisation : O&M, Monitoring, Control System. 

 

Source: ABB (u.d.). 

 

Digital Twin of Diablo Dam 

In order to digitise Diablo Dam, 82 million data points were to be collected, to document 

the condition of the Diablo Dam structures functioning as a baseline for future 

G:K=JN9LAGFKӄ -F= G> L@= ;GJ= ;GEHGF=FLK G> "A9:DG "9EӐK <A?AL9D LOAF AK 9 J=9DALQ E=K@

Ӝ a survey-?J9<= ґ" J=HJ=K=FL9LAGF L@9LӐK E9<= DA>=DAC= OAL@ @A?@-res photography. This 

was achieved by a drone capturing images with a roughly 60% overlap. The images were 

L@=F ӑKLAL;@=<Ӓ LG?=L@=J L@JGM?@ 9 HJG;=KK ;9DD=< 9=JGLJA9F?MD9LAGFӄ 'F ;GE:AF9LAGF OAL@

the ground-control survey and engineering drawings, a 2-centimeter accuracy in the 

plans was achieved. Artificial intelligence and machine learning algorithms were applied 

to automatically identify areas of concrete that contained certain anomalies Ӝ 

differentiating between cracks and spalls. A virtual digital twin of the dam was created to 

serve as the baseline of the structure. 

 

Continuous improvement of the model: 

- Additional hydraulic engineering. 

- Uplift analysis. 

- Change and anomaly detection. 

- Data provision from technologies such piezometers and leakage detectors. 
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Figure 13. Diablo Dam 

Source: HDR (2020) 

 

Key outcomes/Impactӆ "A9:DG "9EӐK <A?AL9D LOAF ?AN=K 1!* 9FGL@=J J=>=J=F;= HGAFL LG

understand its asset and provides a new way to maintain awareness while improving, 

visualization of the surveillance and monitoring of the dam. The DT also allows data 

comparison between different time periods and repair prioritization. 

 

Application : Diablo Dam. 

 

Area of digitalization : O&M, digital twins. 

Source: Femmer (2020). 

 

Alqueva II pumped storage hydropower plant digitization  

Alqueva II (commissioned in 2008), managed by Energias de Portugal (EDP), is a relevant 

H9JL G> L@= .GJLM?9DӐK LJ9FKALAGF LGO9J<K J=F=O9:D= =F=J?Q ӦLG<9Q EGJ= L@9F ғҎổ G>

annual electricity demand is supplied by renewable energy, +25% in the last 5 years). 

Alqueva II is a new pumped storage hydropower plant that supplies the base demand and 

backstops the wind generation variability. This type of plant (pumped storage plants) 
uses reversible pump/turbines and motor/generators that can be used to generate 

electricity by transferring water from an upper reservoir to a lower reservoir, or by storing 

energy by pumping water back into the upper reservoir (where is reused during peak 
electricity reproduction hours). These plants can recover about 80% of energy consumed 

in the overall energy cycle, and they have a very fast response to system load changes, 

useful for managing unpredictability of wind energy as in Southern Portugal. 

 
EDP is using Digital Twin (DT) technology developed by General Electric (GE), to digitally 

reproduce the runner blades of Alqueva II to maximize the HP potential of the plant. 
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Figure 14. Alqueva Dam 

Source: Peltier (2013) 

Application: Alqueva Dam 
 

Key outcomes/impacts 

Alqueva II important project features are: hydraulic design improved, thanks to computer 
modelling and computational fluid dynamics technology, as well as latest pump/turbine 

design (+0.6% plant efficiency); new thrust bearings: latest Alstom technology with self-

regulating mechanism; improved ring ?9L=Kӆ DKLGEӐK JAF? ?9L=K L@9L J=<M;= L@=

construction work required for installation while retaining the safety and operational 
advantages of inlet valves (nearly maintenance-free and enhances performance 

monitoring). 

 

Area of digitisation: digitisation of O&M, improved design of the plant. 

Source: Peltier (2013). 

 
Digital twin watershed platform for the Sumjin River  Basin 

In South Korea a National Infrastructure Digitalization Project have been launched by the 

Ministry of Science and ICT, and the National Intelligence Agency (NIA). This project 
developed a digital twin watershed platform for the Sumjin River basin with the aim to 

strengthen national competitiveness and foster digitisation in the industry. 

 



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 35 of 209 

 

 
Figure 15. Sumjin river and dam digital twin watershed platform  named K-Twin SJ 2.0. 

Source: Park and You (2023; 5) 

 

The project includes the digitisation of the Sumjin dam and river basin which has been 

given the name of K-Twin SJ, presented in Figure 15. The digital twin platform would link 
the dam with rivers with the aim of better water management control and flood analysis.   

The main parts of the digital twin were the following: 

¶ Development of the DT of the dam and river including the water management 

platform. 

¶ High precision 3D geospatial information model of the dam and water basin. 

¶ 3D modelling of infrastructure such as bridges and weirs deploying drone 

photogrammetry for the digitisation. 

¶ Linking and monitoring of physical data with the platform i.e. reservoir water 

level, inflow rate, discharge rate, water storage, river water level, rainfall levels, 

and real-time closed circuit television (CCTV) video. The aforementioned data 

were also included in flood analysis modelling. While the data are also displayed 

on an electronic board including live camera feed.  

¶ Forecasting of L@= JAN=JӐK O9L=J D=N=D based on artificial intelligence (AI) model that 
helps with optimal dam discharge scenarios. 

¶ Safety evaluation module for levees including digital reality modelling and 

visualisation. 

¶ Introduction of a new drone system capable of flying in various weather 
conditions for monitoring dams and rivers. 

¶ AI based CCTV video analysis. 

 

Area of digitisation:  Digital twins, forecasting, unmanned vehicles and robots. 
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Source:  Park and You (2023). 

 
 

A Vuong Hydropower plant Vietnam 

The A Vuong Hydropower plant in Quang Nam at Vietnam, has embarked on a journey of 
digitisation taking place between 2021 and 2025. The digitisation includes partnerships 

with Siemens on the following applications: 

¶ Distributed control system (DCS) for production automation. 

¶ Planned Maintenance Interval System for equipment maintenance. 

¶ Hydrological monitoring. 

¶ Enterprise resource planning system. 

¶ Connection of the power plant with main administration office at a different 

location for remote management production. 

¶ Visualisation of the connected systems of the plant, including on mobile devices. 

¶ Real time data analysis. 

¶ Digital twin using the Siemens COMOS and XHQ suites. 

 

Key outcomes:  

¶ Digitisation and management of physical plant assets. 

¶ Remote management and sharing of information. 

¶ Monitoring of key performance indicators (KPIs). 

¶ Efficiency of production and cost reduction. 

 

Area of digitisation: O&M, Digital twin, production planning. 
 

Source: Siemens (2023). 

 
 

THESEUS 

THESEUS is a software for the simulation and planning of operations on hydraulic 

systems, with a focus on hydroelectric. The application contains the models of the 

hydraulic systems of hydroelectric power plants and the registry of all the relevant 

components. Through a simulation algorithm, the software can use the models to assess 

the outcome of a sequence of actions, in terms of water distribution in the hydraulic 
system The simulations can be used for staff training, or for the automatic creation of 

official maintenance reports. 
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Figure 16. Theseus simulation software 

Source: MAS Consulting (2024c)  

 

Impact : Reduced cost of manual intervention, more effective personnel training. 

 

Area of digitisation:  Data repository, Simulations of maintenance operations, personnel 

training, automated production of reports. 

 

Source: MAS Consulting (2024b).  

 

 

3.3 Inflow forecast modelling  
 

HP operators are required to water optimize their power generation and balance economic, 

social and environmental targets. Several analytical tools have been developed to support 
operators in planning and optimizing the production and the operational decision making, 

allowing to compare planning alternatives by modelling hydrologic and hydraulic 

processes, hydropower production, water quality parameters and river hydrodynamics 
Ӧ!GJĶ 9F< +Aǂ=;@Ӆ ҐҎҐҏӧӄ 5AL@ L@=K= EG<=DKӅ AL AK HGKKA:D= LG =KLAE9L= 9F< >GJ=;9KL N9JA9:D=K

such as water surface elevation, water velocity, water inflow, temperature and water 

quality parameters. 

  
Among these variables, water inflow is a key information for HP sector, since it represents 

the amount of water which can potentially generate energy. Water inflow forecasts are 

needed by HP operators in order to plan the production, optimize O&M of the plant, forecast 

the energy market prices and plan long-term investments. To help HP operators in this task, 

different commercial products and research projects (Bernardes et al., 2022) have been 

carried out through past years, giving the opportunity to focus on one or more parts of the 
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water cycle, at different spatial and temporal scales, to forecast the water inflow. These 

tools typically need other data to forecast the water inflow, such as meteorological and 
climatic data, geomorphological data, hydrological data and hydraulic data. Depending on 

the type of modelling, the water inflow forecasts can differ either in temporal and spatial 

resolutions, and in the time horizon on which they are forecasted, being suitable for 
different purposes. For operational purposes, short-term and higher temporal resolution 

forecasts may be more suitable than long-term and lower temporal resolution forecasts, as 

well as for production planning the latter may be sufficiently representative. 

 

 

Waterjade Analytics Platform 

Waterjade Analytics is a modular software (a decision support system, DSS) that 
combines hydrological models and AI techniques to process large amounts of data from 

in situ sensors and satellite imagery, providing a comprehensive view of current and 

future water availability in the watershed and plan the water supply in the facility. It is a 

single platform with detailed analysis of recharge system of the supply points (to identify 

their climatic-hydrological characteristics and critical issues), high-resolution Water 

Stress Index (AqueductTM approach), monitoring of water resources, forecasts of inputs 
on the supply points (short term: +5 days, medium term: +6 months, long term: +30 years), 

customized decision support solution for alerting to extreme events (droughts or floods) 

for managing supply from reservoirs. 

 
J-Water is a software that enables water monitoring and forecasting, developed through 

the Watershed Digital Twin which combines a combination of satellite data, physical 

models and machine learning algorithms to simulate the water cycle and predict water 
availability. J-Snow is the software that enables high-resolution, near-real-time snow 

monitoring and forecasting. It combines a physically based model with satellite imagery 

assimilation. The snow is calculated through a mass and energy balance, simulating the 
physical processes that affect the snowpack, resulting in high-precision monitoring data 

on a daily scale, consistent with meteorology and morphology. It does not require snow 

measurement campaigns which can reduce survey costs. Finally, it allows reconstruction 

of snowfall in past years and over next 72 hours. 
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Figure 17. Waterjade Analytics provides analysis and forecasting in one platform 

Source: Waterjade (2024) 

 

Impact : DM tool, increased HPPs efficiency, reduced water losses. 

 

Area of digitisation:  HPPs monitoring, water availability forecasting, production 

planning, environmental monitoring. 

 

Source: Waterjade (2024) 

 
 

MIKE Powered by DHI 

MIKE Powered by DHI is a range of commercial software products that allows the user to 

analyse, model and simulate any type of water environment, in different areas of 

applications. For example, MIKE HYDRO Basin is a versatile decision support tool, which 

allows map-based-modelling for integrated water resources management. It can be used 

also in HP sector decision making, as a tool to optimise reservoir and hydropower 

operations, improving the energy production through real-time decision support for 

short-term as well as long term horizons. With this tool, an HP operator can predict 

inflows and improve O&M planning and management. This tool, as others, can be 

;GE:AF=< OAL@ +')# -.#0 2'-,1Ӑ @9F<DAF? G> J=9D-time hydrological observations and 

forecasted meteorology. 
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Figure 18. Real-Time Inflow Forecast System for Hydropower Generation ӛ Upper Maule Basin ӛ 

Chile 

Source: DHI group (2024) 

 

Impact : DM tool, increased HPPs efficiency, reduced water losses. 

 

Area of digitisation: HPPs monitoring, production optimization. 

 

Source: DHI Group (2024). 

 

PAN European Small Hydro Power ATLAS (SHPA) 

PAN-EU Small HydroPower Atlas (SHPA) is a user-friendly web spatial decision support 

system for run-of-river hydropower plants feasibility and development across EU. The 
product innovation consists in making feasibility assessment much quicker and 

affordable, which may be a critical aspect in the development of small plants. This tool 

can estimate HP productivity based on river flow, hydraulic jump and environmental 
constraints; rank sites for development of SHP plants, considering limiting factors such 

as infrastructures presence; identify sites where hydropower development is both 

suitable and economically feasible; analyse costs and provides optimal sizing of the 
plant; compare different sites and solutions. This platform considers hydrological, 

technical and economic factors, providing data and indicators for preliminary feasibility 

analysis. It can be potentially useful for HP project developers, public authorities, 

professionals and industries in the HP sectors, producers of HP equipment and parts. 
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Figure 19. PAN-EU Small HydroPower Atlas (SHPA) 

Source: GECOsistema (2024a)  

 

Area of Digitisation : Spatial decision support system, Feasibility assessment, plant 

design, production planning and optimization. 

 

Source: GECOsistema (2024a). 

 

Another type of forecasts are the production forecasts, which use the water inflow forecasts 

as an input. These forecasts take into account also the data coming from the plant, such as 
the flow measurements of the turbined water and the characteristics of the turbine, as well 

as meteorological and climatic data. Corbari et al. (2022), Monteiro et al. (2013), Barzola-

Monteses et al. (2022) are some literature examples of the effort by the scientific community 
to develop methods and tools to predict the hydropower generation of an HPP. With energy 

production forecast tools, HP operators can plan better, plant operations and optimize the 

energy production according to the forecasts while also minimizing the losses in terms of 
production due to planned maintenance and unexpected faults. 

 

Smart Climate Hydropower Tool (SCHT) 

Smart Climate Hydropower Tool is a cloud-web service intended to support Hydropower 
energy producers facing the problem of monthly or seasonal energy forecast. This web-

based climate service is based on AI algorithms (supervised learning techniques) and 

seasonal forecasts provided by Copernicus Climate Data Store (CDS). It intends to 
improve the decision-making process for energy production and trading, as well as 

hydropower management energy operations. Major operative advantages of AI with 

respect to mechanistic hydrological models include limited-to-none a priori knowledge 

of involved physical phenomena, high level of flexibility when managing heterogeneous 
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sets of variables related to discharge generation, and quick setup time of the forecast 

system. 
 

 
Figure 20. Smart Climate Hydropower Tool (SCHT) 

Source: GECOsistema (2024b) 

 

Application : Production planning and forecasting. 

 

Impact : web-based tool, energy production forecasts and planning of operations. 

 

Source: GECOsistema (2024b). 

 

IDRO 

IDRO is a commercial software that supports the users in maximizing the economical 

return of hydroelectric power plants. IDRO includes the mathematical model of the whole 
water cascade systems of reservoirs and power plants, including the constraints that limit 

the production, such as plants unavailabilities, minimum water release, production 

ramps. The software combines this model with an extensive database that gathers 
historical data, real-time measurements and different sets of forecasts. Through this 

combination IDRO supports in activities such as long-term budgeting, short-term 

resources allocation and what-if analysis. IDRO is integrated with the energy market, thus 
enables the users to directly leverage the information it contains to improve the effective 

of bidding in the energy market. 

 

Impactӆ ;=FLJ9DAR=< <9L9 KLGJ9?=Ӆ HJG<M;LAGF GHLAEAR9LAGFӅ ӑO@9L-A>Ӓ 9F9DQKAK. 

 

Area of digitisitation : Asset monitoring, production planning, energy market, data 

repository. 

 

Source: MAS consulting (2024a). 

 

HYDROGRID 

Hydrogrid is a modular software targeted at supporting the management of hydroelectric 

power plants. The software can support both run-of-river plants and complex water 
cascade systems. For run-of-river plants it provides inflow predictions to minimize 
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imbalance costs, while for cascade water systems it also optimizes the production 

schedules, leveraging the flexibility of the system to produce in the hours of maximum 
forecasted energy prices. The economical optimization takes into account constraints, 

such as environmental and operational restriction, and technical aspects such as turbine 

efficiency. Hydrogrid is also able to support the bidding process, monitoring the energy 
prices in real time and providing an optimized bid to the user or directly bidding in the 

market.  

 

 
Figure 21. Hydrogrid application oF O9L=J ;9K;9<= KQKL=E ӑ&9MCD9F<Ӓ GOF=< :QDalane Kraft AS 

Source: HYDROGRID (2024a) 

 

Application : Asset monitoring, production planning, energy market, data repository. 

 

Highlight/Impact : production optimization, automation. 
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Area of digitisation : Asset monitoring, production planning, energy market, data 

repository. 

 

Source: HYDROGRID (2024a, 2024b). 

 

Volue Smart Power 

Volue Smart Power is a software for the automation and optimization of large multi-asset 

portfolios. The software contains the model of different assets (HPP, thermal power 
plants (TPP), solar/wind, etc.) to compute an integrated optimal production schedule. 

Through the model and by integrating data provided by the users as well inflow and 

prices forecasts, the software allows the participation in multiple European physical 
markets. Users can automate the processes managed by the application in an event-

based framework, allowing for a high degree of customization and flexibility. The graphic-

user interface allows the users to intuitively access, manage and use the data to create 

new simulations or optimizations. 
 

 
Figure 22. Volue Smart Power is connected both with physical assets and energy markets 

Source: Volue (2024) 

 

Impact : Asset monitoring, production planning, energy market, data repository. 

 

Area of digitisation : HPP monitoring and water availability forecasting. 

 

Source:  Volue (2024). 

 

3.4 Predictive maintenance 
 

O&M (operation and maintenance) of hydropower facilities could be quite challenging. 

Good O&M actions are crucial to maintain high output and longevity (a well-maintained 
hydropower can operate for more than 100 years). Thus, it is important to establish an 
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effective O&M strategy to address the maintenance of the plant accurately. The absence of 

a good practice can result in loss of productivity and revenues, high costs and performance 
losses. In order to select and implement the right O&M a number of steps should be taken 

into consideration (Figure 23) that can support the user in taking the appropriate O&M 

route. The steps, begin from diagnosing the already existing O&M situation up to towards 
estimating financial cost and lastly implementing the strategy. 

 

 
Figure 23. Step-by-step approach to O&M strategy development and implementations  

Source: The World Bank (2020; 10) 
 

 
This subsection addresses potential maintenance strategies that can be applied, however 

focuses on predictive maintenance with a state-of-the art on this specific field. 

 

For an HPP to improve maintenance, a comprehensive analysis of the existing performance 

and already existing strategy should be completed to identify the areas that need 

improvement.  Identifying these areas will facilitate the plant operator to select the 

appropriate maintenance program. The main strategies to follow are presented in Figure 

24. These can be categorized in (1) Preventive Maintenance and (2) Corrective Maintenance. 

 

Corrective Maintenance is applied to restore an asset back to its normal operation and 

correct a malfunction. It is a reactive approach where a failure has to occurs first before any 

maintenance is applied. This approach is further categorized to immediate (maintenance 

starts right after a failure happens) or delayed (maintenance starts according to a given set 
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of time or rules). Although, it is highly used, due to new technology and continuously 

increasing needs of the facilities, corrective maintenance is considered outdated. 

 

Preventive maintenance involves regularly scheduled inspections and repairs to prevent 

equipment failure and to ensure the reliability and efficiency of the hydropower plant. The 
aim is to minimize the probability of failure and avoid unplanned downtime, costly repairs 

or reduced performance. 

 

 
Figure 24. Maintenance Programs 

Source: The World Bank (2020; 20) 

 

There are three major types of preventive maintenance: 

 

1. Planned interval maintenance.  It is a proactive approach to maintenance aiming in 
minimizing the downtime and the associated costs. This approach is further 

separated in time-based and usage-based. 

 

¶ Usage-based preventive maintenance. Preventive maintenance triggered by the 
usage of an asset. The average daily usage or exposure to environmental conditions 

of an asset is taken into account for this type of maintenance, which is used to 

predict the timeframe for a forthcoming inspection or upkeep task. 
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¶ Calendar/time-based preventive maintenance. This type involves planned 

maintenance between specific periods of time. The maintenance activities are 
scheduled based on a specific date or a time internal. 

 

2. Condition-based maintenance 

+9AFL=F9F;= AK K;@=<MD=< O@=F 9 EGFALGJ=< ;GF<ALAGF ;@9J9;L=JAKLA; G> 9F 9KK=LӐK FGJE9D
operation, such as temperature, vibration, pressure, meter readings, etc., is out of its 

normal measured range. This approach is characterized in inspection-based or condition 

monitoring. 

 

¶ Inspection-based. In this method, regular inspections are taking place to assess the 

condition and performance of the assets without taking some corrective action. 

Based on the received information, the technicians can schedule future 
maintenance activities or adjust the maintenance schedule. 

 

¶ Condition-based. Implementing the condition-based approach, the operator 

monitors the actual condition of the equipment/machine to determine when 
maintenance is needed. In this way, maintenance is scheduled and performed, 

when the monitored parameters indicate a decreasing performance. 

 

3. Predictive maintenance. Builds on condition-based monitoring and analysis to 

optimize the performance and lifespan of the equipment. One of its main 

characteristics is the real-time information it provides as well as the early detection 
and even prediction of failures. Predictive Maintenance exploits the use of novel 

technologies such as sensors, IoT, AI techniques and ML algorithms to predict when 

a failure is going to occur.  

 

The benefits of preventive maintenance: 

 

¶ Increased availability: troubleshooting before they affect equipment operation, 
thus helping to avoid long-term interruptions. 

¶ Extends asset life. prevention of wear and tear of equipment and extension of 

service life, thus ensuring its efficient operation for a longer period of time. 

¶ Reduction of maintenance costs: reduction of the cost of repairs and spare parts, as 

it allows maintenance work to be carried out at specific times and based on actual 
needs. 

¶ Increased productivity: by reducing recovery time and unforeseen downtime, 

increased equipment productivity can be expected (reduces unplanned downtime). 

¶ Improved safety: detecting potential risks to workers' safety by enabling problems 
that may lead to accidents to be proactively addressed. 

 

By implementing a well-structured preventive maintenance approach, hydro power plants 

can minimize the risk of unplanned downtime, extend equipment lifespan, and optimize 

overall operational efficiency. 
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Predictive maintenance model  

Unit8, a Swiss based data company, built a predictive machine learning model for 

physical variables of interest (e.g., temperature or vibration). In this solution, operating 

threshold values can be defined, for throughout the day and automatic alerts are sent if 

a value differs significantly from model predictions. The company was partnered with a 

Swiss energy company their solution was applied. 

  

Application: Hydroplants. 

  

Impact: Engineers were able to detect abnormal changes in measurements much earlier 

while maintenance can be planned effectively. Also, this solution allowed for shorter 

stops in electricity production leading to lower costs due to plant shutdown. 

  

Area of digitalization:  O&M, monitoring. 

 

 Source: Unit8 (2024). 

 

AVEVA Predictive Analytics for Power Generation 

Designed to reduce unscheduled downtime and maintenance costs, AVEVA Predictive 

Analytics provides early warning notification and diagnosis of equipment issues before 

critical operations are impacted. 

  

 
Figure 25. AVEVA predictive analytics 

Source: AVEVA (2021) 

Application: Power plants. 
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Impact: Alert and notifications; analytics; diagnostics; asset management. 

  

Area of digitalization:  digitalization of O&M, monitoring. 

 

 Source: AVEVA (2021). 

 

 

Delphin Technology ӛ Vibration system 

Together with Femaris, a complete solution was offered to HIDROELECTRICA SA. A 

Delphin Expert Vibro Data Acquisition and Control System along with Delphin ProfiSignal 

software was installed to monitor and perform the following: 

 

¶ Vibration at multiple locations on the turbine ӛ peak-to-peak displacement. 

¶ FFT analysis of the vibration signals. 

¶ Smax parameter6. 

¶ Orbit diagrams. 

¶ Provide Trend analysis functions. 

 

 

 

 

 
6 Maximum displacement of a vibrating machinery shaft within a  bearing over time. 

https://femaris.ro/
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Figure 26. Vibration analysis 

Source: CAS Dataloggers (2023) 

 

Application: HIDROELECTRICA SA, Romania. 

  

Key outcomes/Impact: 

¶ Simultaneous vibration amplitude monitoring of bearing on a machine. 

¶ Allows the system to be monitored online including technical parameters for 

health diagnosis. 

¶ Allows calculation of how loose journal bearings are. 

¶ Allows dynamic and static balancing of the rotors. 

¶ Allows precision movement simulation of the rotor shaft with the journal 

bearings. 

¶ Ability to connect piezoelectric vibration sensors.  

¶ Increases safety conditions and the prevention of machine damage. 

  

Area of digitalization:  O&M, monitoring. 

 

Source: CAS Dataloggers (2023). 

 
 

PresAGHO ӛ predictive maintenance model  

The PresAGHO project (Predictive System and Analytics for Global Hydro Operation), was 

launched by Enel Green Power, tasked with elaborating a predictive maintenance model 

to tackle potential faults in hydroelectric power plants. PresAGHO will play out through 

the integration of power plants with installed sensors. A real change of pace will be 

rapidly achieved via a three-Q=9J K=JNA;= ;GFLJ9;L LG := J9LA>A=< OAL@ L@J== G> L@= OGJD<ӐK

major manufacturers of hydraulic and electric equipment. A fundamental step in defining 

the new predictive strategy will be a detailed realignment in the classification of potential 

faults or failure mode, in order to improve our data-driven approach and to measure its 

performance. The first test of the system was carried out in 2017 in the Soverzene 

hydroelectric power plant in Veneto, Italy. 

  

Application:  Large scale (86), small scale (209) and micro-scale (486) facilities. 

  

Key outcomes/Impact: PresAGHO will create the basis for the elaboration of predictive 

models addressing faults in hydroelectric power plants, while optimizing costs and 

standardizing maintenance procedures in various countries. 

  

Area of digitalization: O&M, monitoring. 
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Source: Enel Green Power (2019). 

 

eMaintenance 2.0 (i-EM) 

eMaintenance 2.0 is an interactive web platform where the operators can monitor the 

results coming from the data analytics models related to the functioning of the plant 

components and share comments between other colleagues. A case study referred to the 

application of the solution to a pumped-storage power plant owned by EGP with a 

nominal power of 1000MW located in Italy in the Province of Caserta. The dataset 

available from this plant consists of about 720 analog signals. These signals are collected 

from several components such as penstocks, turbines, generators, and transformers. 

During the real-time phase of this case study, an anomalous behaviour was reported by 

the model built to analyse the temperatures of a generator. This platform is now active 

in more than 700 HPPs. 

  

 
Figure 27. KPI monitoring from HPP 

 Source: i-EM (u.d.) 

 

Application: EGP hydropower plant. 

  

Key outcomes/Impact: The system anticipated and detected an anomaly thus 

preventing the stopping of the generation unit. The saved costs related to the predictive 

FGLA>A;9LAGF O=J= =KLAE9L=< AF L@= J9F?= :=LO==F Ґғ CỀ 9F< ҏҎҎ CỀӄ 2@9FCK LG L@=

provided information, the anomaly was restored with a reduced time spent to search the 

faulty component. Scalable solution, easily applicable to a large fleet of power plants. 

  

Area of digitalization: O&M, monitoring. 

Source: i-EM (u.d.).  
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Metris DiOMera 

ANDRITZ has developed the software platform called Metris DiOMera, following the 

;GEH9FQӐK industrial internet/Internet of Things (IoT) strategy, and utilising Metris as its 

basis. Metris is the technology brand of ANDRITZ for digital solutions for both new and 

existing plants. Together DiOMera and Metris as a software platform, offer a wide range 

of technology modules, sensor technology and augmented reality, forming a digital 

solution for cost efficient services for HPP O&M. Metris DiOMera is a modular and flexible 

platform that optimally meets specific customer requirements that can supports 

environmental conservation and allows better operations management. Furthermore, 

Metris DiOMera tools offer to the usersӐ decision support, by taking into consideration 

plant and lifetime parameters to define the right scope and timing for plant or machinery 

maintenance activities, aiming to maximise plant availability. 

 
Figure 28. Efficiency hill chart  offered by Metris DiOMera 

Source: ANDRITZ Hydro GmbH (u.d.-b) 

 

Application: Hydropower plants. 

  

Impact:   

¶ Continuous monitoring of trends and real time analysis of important plant KPIs. 

¶ Decision support in better planning of maintenance activities. 

¶ Optimal plant performance. 

¶ Cost reduction due to less plant downtime. 

¶ Lifecycle increase. 

 

Area of digitalization:  digitalization of O&M, monitoring. 

 

Source: ANDRITZ Hydro GmbH (u.d.-b; u.d.-c). 
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Big Data Hydro project 

Big Data Hydro is an Enel Green Power's initiative to leverage big data analytics for 
optimizing the management of hydroelectric power plant assets. The project involved 

assessing data quality, running an innovative monitoring system on the five test plants, 

and developing a visualization system for raw data and analytics results. This approach 
aimed to modernize existing assets and enhance condition monitoring through advanced 

digital techniques. 

 

Five Italian HPPs are involved in this project: Soverzene, Presenzano, Nazzano, Isola 

Serafini and Eume, which together make up about 2% of Enel Green Power fleet in terms 

of electricity generation and profitability. The Soverzene HPP is located in Eastern Italian 

Alps. Four Francis turbines can generate 221.5 MW exploiting a 284 m water head between 
the plants and the reservoir, which has a capacity of 5.9 Mm3. The Presenzano HPP is 

located in Southern Italy, and it is a pumped-storage plant. The plant works exploiting 

two reservoirs with a capacity of 6 Mm3 each and a difference in height of 500 m. Four 
Francis pump-generators of 250 MW each are installed. The Nazzano HPP is an 

impoundment plant located close to Rome. The Isola Serafini HPP is located in Northen 

Italy, along the Po river. The plant is run-of-river and can generate up to 80MW. Four 

Kaplan turbines are installed at the plant, with a maximum flow of 250 m3/s each. The 
Eume HPP is an 54.5 MW impoundment facility located in Northern Spain. 

 

 
Figure 29. Presenzano pumped storage HPP 

Source: Enel Greep Power (u.d.) 

 

Key outcomes 

The benefits realized from this project include modernization of assets, advanced 
condition monitoring capabilities, savings in operations and maintenance (O&M) 

resources, and improved synergy between hydro power and other renewable sources. 

The initiative demonstrated how big data analysis could lead to significant operational 

efficiencies and cost reductions, underpinning the importance of digitalization in the 

energy sector. 
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Area of digitisation   

Digitilisation of O&M, Monitoring. 

 

Source: Enel Green Power (u.d.; 2017). 

 
 

3.5 Real time KPI monitoring  

 
Real time monitoring of Key Performance Indicators (KPIs) is a key digitisation area that 

offers the ability to monitor certain parameters of the assets in real time. In fact, KPI 

monitoring is closely connected to digital twins and is part of the visualisation and 

information that DTs can provide. Example of such KPIs can be power factor, health of 
assets, utilisation and availability of assets. KPIs can monitor poor performance of the 

assets and can be used to trigger corrective actions and maintenance (Oprea and Adela, 

2017). Such information can be combined with Enterprise Resource Planning (ERP) systems 
and plant conditions specific metrics to calculate how these KPIs can be translated into 

business metrics i.e. operational costs (Arch et al. 2019).  

  
Monitoring of HPP infrastructure and electromechanical equipment is a key component of 

this type of digitisation. In the hydropower sector, instrumentation of hydropower turbines 

can be challenging due to the different types, operating speed and head or orientation 
(Snyder M., 2021). Vibration monitoring of machinery was introduced in the 90s by some 

hydropower plants with the main aim of predictive maintenance (Egusquiza et al., 2018). 

This has extended the time intervals between overhauls, because faults can be detected 

earlier before causing severe damage to machinery. 
 

Figure 30 show the areas that can be potentially measured on a turbine and the potential 

malfunctions. Shaft vibration and bearing housing vibration monitoring are key monitoring 
areas. In addition, another key component to be monitored is the generator that is 

subjected to different types of loads (centrifugal, electrical, thermal and cycling). In this 

case sensors can be installed to measure the air gap between the rotor and stator (Snyder 
M., 2021). 
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Figure 30. Measurements and malfunctions relevant to turbines in hydropower plants  

Source: Snyder M. (2021;3) 

 

A prerequisite aspect of hydropower digitisation is the monitoring and collection of process 
data from HPPs, through a Supervisory Control and Data Acquisition (SCADA) system that 

allows hydro turbine and other machinery to be connected to a central control terminal 

(Egusquiza et al., 2018). Sensory measurements are recorded in time intervals providing 

min, max and standard deviations, thus allowing the operator to take corrective actions. As 
presented in the examples provided below in this section, SCADA systems combine 

software and hardware to collect data from (Powerline Communications (PLC), Remote 

Terminal Units (RTUs), instrumentation data and other communications to provide 
information to the user (Corà et al, 2021). The data as it will be presented in the examples 

that follow, are then analysed in order to provide early detection of faults or warn the user 

about abnormalities in the readings and corrective actions to be taken. 

 

Andritz Regional Control Center (RCC) 

An advanced remote monitoring and control centre for worldwide operations and 

maintenance that is available across the full ANDRITZ Hydro Group. The regional control 

centre (RCC) is a state-of-the-art system for remote HPP monitoring using advanced 

tools, including the digital platform Metris DiOMera that was presented in the previous 

section. It offers sophisticated analysis, machine-learning algorithms, statistical analysis 

and knowledge from the ANDRITZ Group integrated into the platform, allowing it to 

anticipate major failures, trigger a real predictive analysis for maintenance activities, and 

to produce optimized operation instructions. Finally, the RCC offers full remote 

operation. 
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Figure 31. ANDRITZ Hydro Regional Control Center in Schio, Italy 

 Source: ANDRITZ Hydro GmbH, (u.d. -c) 

 

Application:  hydro plants, Andritz hydro group. 

  

Key outcomes/Impact: Delivers 24/7 operations support, offering remote monitoring 

and operations as well as technical assistance. 

  

Area of digitalization:  digitalization of O&M, monitoring. 

 

Source: ANDRITZ Hydro GmbH, (u.d. -c). 

 

ALPIQ  Asset management system 

ALPIQ offers an asset management system developed together with HYDRO Exploitation 

SA, an asset service provider specialised in hydropower plants, and OXAND, a consulting 

company specialised in infrastructure ageing and risk simulation. The resulting product 

is applied at three different levels of management: strategic management, tactical 

management, and operating management. Using forecasts and scenarios, the best 

solution for balancing costs, risks, and power availability is decided to ensure the highest 

possible profit margin. 

  

Application: Hydro power plants. 

  

Key outcomes/Impact:  

¶ Improved profitability of the plant.  

¶ Reliable cost control and planning capability for investments and operating costs. 

¶ No administrative effort. 
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¶ Maximised energy efficiency. 

  

Area of digitalization:  digitalization of O&M. 

Source: ALPIQ Group (2024). 

 

ABB AbilityԈ Asset Performance Management 

This is a solution easy to connect and integrate with existing control systems and 

auxiliary equipment. While it is custom engineered to support hydroelectric power plants 

around 50MW, it will easily meet the needs and requirements of most units even up to 

200MW. As option it can provide support for IEC 60870-5-104 and IEC61850 protocols but 

as standard it satisfies most open communication standards. 

 
Figure 32. Health status of a component  

Source: ABB (2019) 
  

Application:  Applied on Enel Green Power HPPs. 

  

Key outcomes/Impact: Reducing unplanned failures, enabling more efficient planned 

maintenance practices, savings in fleet maintenance costs and increase plant 

productivity. 

  

Area of digitalization: Digitalization of O&M. 

 

Source: ABB (2019; 2020).  
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GE Hydro APM 

Hydro APM is a suite of developed by GE and consists of different applications: APM 

Health, Reliability, and Strategy. These applications can work independently or together 

to reduce O&M costs, decrease failure risks, and increase revenues across fleets of 

hydropower plants. It allows advanced control functions, which can enable flexible asset 

operation such as range extension, cycling, smart asset dispatch, etc., thus allowing plant 

owners to make existing assets more flexible which is critical for LG<9QӐK hydropower 

market. 

  

Application:  BC Hydro, Manitoba Hydro, DAGACHHU, NYPA. 

  

Key outcomes/Impact:  

According to GE their suite can:  

¶ Reduce failures up to 50%. 

¶ Reduce maintenance OPEX between 5-20%. 

¶ Defer CAPEX by up to 20%. 

¶ Improve equipment availability by 0.5-2%. 

¶ Overall reduce production losses. 

  

Area of digitalization: Digitalization of O&M. 

 

 Source:  GE (2017;2020). 

 

Zenon Energy Edition from COPA DATA 
Zenon energy can assist HPP automation by offering monitoring, control and 

optimisation through their product. Zenon offers SCADA functionalities (configuration, 

visualization, control and reporting). The system can be used for controlling either 
individual hydro plants or different plants in a higher level. The system is highly scalable 

and allows connectivity to process automation components or sub-sections of HPPs and 

is capable of displaying schematics from AUTOCAD. The scalability and versatility offer 
human machine interface (HMI) features for the different components enabling high 

control from the plant floor to the control room. 

  

It offers: 
- Efficient reporting in the event of an alarm or maintenance. 

- Quick access to the archive for analyses and reports. 

- Play back past events with the process recorder. 
- Supports all common communication protocols, customizable visualizations, 

dynamic reporting and risk-free simulations. 

  

Application: Hydroelectric power plants. 
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Key outcomes/Impact: Assist in hydro-electric power plant automation, by monitoring, 

controlling and optimizing hydro-electric power plants. The level of control it provides 

helps reduce plant operational costs and increases productivity. Reducing operational 

costs and increases productivity. 

  

Area of digitalization: Digitalization of O&M. 

 

Source: COPA-DATA GmbH (2019). 

 

Bently Nevada ӛ Condition monitoring solutions for hydroelectric power 

generation  

Bently Nevada offers instruments for condition monitoring of HPP machinery 

monitoring. The 3500 series machinery protection system. It features the selection of 

machinery measurement parameters and utilizes software configuration for virtually. 

The instrument allows monitoring of vibration, bearing temperatures, thrust position, 

speed, air gap, process variables (electrical load, oil pressure, reservoir elevation, etc.) 

and other measurements that can be configured to address the specific needs for 

correlation of data and analysis of each hydro unit.  

 

 
Figure 33. Bently Nevada 3500 series monitoring  instrument for condition monitoring   

Source: Bently Nevada (2023;5) 

 

Application: Hydroelectric power plants 

  

Key outcomes/Impact:  

¶ Lower life-cycle costs and reduction of maintenance costs. 

¶ Improved plant efficiency. 

¶ Early warning of machinery failure. 

¶ Machinery performance with optimal operating conditions. 
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¶ Proactive maintenance planning and intervention. 

  

Area of digitalization: O&M, condition monitoring of components. 

 

Source: Bently Nevada (2023). 

 

 =FLDQ ,=N9<9ӐK 1QKL=E ҏ !GF<ALAGF +GFALGJAF? 9F< "A9?FGKLA; HD9L>GJE 
Bentley Nevada offers a condition monitoring and diagnostic platform that requires the 

installation of various sensors on a turbine and generator capable of collecting data and 

displaying them to the user. In addition, the software is capable of collecting data from 

SCADA and control systems from different machinery and displays the condition of the 
latter through Human Machine Interfaces (HMIs). The software allows failure mode 

detection, data analytics of what is measured and displayed as well as HPP fleet 

management toolsets.  
 

 
Figure 34. &+' <=>9MDL L=EHD9L= G>  =FLDQ ,=N9<9ӐK 1QKL=E ҏ ;GF<ALAGF EGFALGJAF? KG>LO9J=. 

Source: Snyder M. (2021;6) 

Key outcomes 

¶ Real time condition monitoring of electromechanical assets. 

¶ Data analytics. 

¶ Overview of historical data. 

¶ Automatic alarms for condition monitoring that can trigger early maintenance. 

 
 

Area of digitisation : KPI monitoring; Condition monitoring; sensors. 

 

Source:  Snyder M. (2021;6). 
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ViBRATEC ӛ maintenance and monitoring in the hydroelectric market ӛ solution 

suite 

ViBRATEC is a company that offers solutions and supports the hydroelectric sector with 

expertise in diagnostics, measurement and analysis, making it possible to understand 

and solve problems involving vibration, acoustics, speed, stress or deformation on 

existing products. temperature, stress, speed, vibration, noise, force, displacement, etc. 

The company offers instrumentation for measurements of physical quantities on rotating 

or non-rotating parts, hot or cold parts, in vacuum or in water, on-board or stationary. 

  

Application: Hydroelectric power plants. 

  

Area of digitalization:  O&M; condition monitoring; sensors. 
 

Source: ViBRATEC (2024). 

 

GlobalHydro Digital solutions  

GlobalHydro is a company that offers solutions for digital HPPs, such as 3D CAD 

visualizations from design processes to refurbishments, and 1:1 service assigning an 

account manager. 

Although, the focus is on HPP optimal design (offering economically sensible solutions) 

and trying to achieve highest efficiency, considering local needs, the company can also 

refurbish the digital HPPs that they have designed. 
  

HEROS is their management software solution that can be tailored to the requirements 

and specifications of HPP, fully automated turbine/plant control system with 

incorporated visualization and SCADA system. Operational parameters can be directly 
configured on site, but also have an intelligent control system. 

 

Their Operation and Control Assistance (OCA) service is an assistance service for 
customers, offering operations support by troubleshooting and analysing HPP data to 

detect operational improvements. OCA optimises HPP operation also through predictive 

maintenance (automatically scheduling maintenance). 
 

HEROS Connect is a state-of-the-art IoT SCADA system which allows to control, monitor 

and analyse all connected HPPs on one common platform (based on Microsoft Azure 

cloud). 
 



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 62 of 209 

 

 
Figure 35. GlobalHydro monitoring service. 

 
Source: GlobalHydro (2024) 

 

Key outcomes: Increase efficiency, data monitoring and exchange. 

 

Area of digitisation:  Digital design and support; O&M; KPI monitoring. 

 

Source: GlobalHydro (2024). 

 

The Hydro Efficiency Analysis (HydEA) Platform 

HydEA is a platform that analyses the behaviour of the plant using algorithms and 
produces a reference model of the performance characteristics of the generation units. 

This allows the real-time detection of deviations from the expected values, allowing 

engineers to immediately deal with anomalies that would reduce the efficiency, for 

example, a less-than-optimal rotational speed or blade opening. 
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Figure 36. Real-time monitoring of hydropower plants  

Source: Quaranta (2020) 

 
Application: Italian hydroelectric plant. 

  

Key outcomes: The platform was able to maximize the overall plant efficiency through 

combination of operating turbines. A value of 1.2% production increase on an annual 

basis, is mentioned, by better subdividing the flow rate was, thus increasing the energy 

efficiency among generation units. 

  

Area of digitalization: Digitalization of O&M. 

 

Source: Quaranta (2020). 

 

Voith OnCare.Health Hydro 

Voith offers the OnCare.Health Hydro system for online condition monitoring, analysis 

and diagnostics. Figure 37 presents the overall capabilities of the monitoring system 
while Figure 38 presents the available condition monitoring sensors and locations that 

the system can capture. The monitoring system allows accurate measurement and 

maintenance of the connected equipment according to optimal operational values. The 
measurements allow early detections of potential damage and allows maintenance to be 

scheduled accordingly. Additionally, the system also is capable of generating trip signals 

to be transferred to the mechanical protection of the monitored units, thus ensuring that 
no damage occurs when going above certain operational values. 

 

Furthermore, the system allows the user to see the monitored machineӐK condition 

though an interface and whenever a problem is evident results are sent to the user 
includes the failure mode based on error probabilities. 
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Figure 37. Voith OnCare.Health Hydro capabilities  

Source: Voith (u.d. ;4) 
 



 

D 1.1 | Digital transformation of the HP sector |V1 | Public 

  

 

 

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

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

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

 

Page 65 of 209 

 

 
Figure 38 . Condition monitoring sensors for turbine usage offered by Voith  

Source: Voith (u.d. ;5) 

 

This monitoring system is installed in various locations across the world according to 

Voith (u.d.) as presented in Table 2.  

  
Table 2. &Q<JGHGO=J HD9FLK L@9L MK= 4GAL@ӐK ;GF<ALAGFK EGFALGJAF? KQKL=E. 

Location Country Turbine types and 
capacity 

Frades Portugal Francis Units, 2 x 383 MW  

Yacyreta Argentina Kaplan units, 20 x 145 MW 

Sainj India Pelton units, 2 x 50MW 

Beyhan Turkey Francis units, 3 x 200 MW  
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Cambambe II Angola Francis units, 4 x 179 MW  

Teles Pires Brazil Francis units, 5 x 370 MW 
Belo Monte Brazil Francis units, 18 x 671 MW  

Polpitiya,  Sri Lanka Francis units, 2 x 40 MW  

Lysebotn II Norway Francis units, 2 x 185 MW 
Las Lajas Chile Pelton units, 2 x 135 MW  

Ffestiniog United Kingdom Francis units, 4 x 80 MW  

Tarbela 4 Pakistan Francis units, 4 x 352 MW 
Source: Voith (u.d. ;11) 

 
Key outcomes 

¶ Optimized total cost of ownership. 

¶ Reduced costs. 

¶ Increased availability. 
 

Area of digitisation: KPI monitoring; Condition monitoring; sensors. 

 

Source: Voith (u.d.). 
 

Brüel & Kjær Vibro- Condition Monitoring Solutions  

Brüel & Kjær Vibro offers solutions for condition monitoring hydroelectric plant using 
various techniques including vibration, air gap, magnetic flux and partial discharge 

measurements. These solutions can be integrated with process control systems (SCADA 

or DCS) including production and maintenance management, control and surveillance 
systems already in place. The system allows the display and plot of measurements, as 

well as correlation between vibration and other performance parameters. Figure 39 

presents the available condition monitoring techniques. According to the company, this 

condition monitoring solution is installed in 750 turbines worldwide Brüel & Kjær Vibro 
(n.d.-b).  
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Figure 39. Brüel & Kjær Vibro measurement techniques for hydro turbines  

Source: Brüel & Kjær Vibro (n.d.-a) 

 

Key outcomes:  

¶ Maximisation of lead time to maintenance. 

¶ Optimal uptime, production, efficiency and reliability. 

¶ Visualisation of condition monitoring and integration with other control systems. 

¶ Reliable prognosis. 

 

Area of automation : Condition monitoring; Sensors. 

  
Source: Brüel & Kjær Vibro (n.d.-a), Brüel & Kjær Vibro (n.d.-b). 

 

 
Hoa Binh, Vietnam 

Hoa Binh is the second largest HPP in Vietnam with a capacity of 1,920 MW. ANDRITZ 

Hydro has undertaken a project of automation and modernization of eight units covering 
control and monitoring systems, digital governors, unit protection systems, excitation 

systems for main and auxiliary generators, the common control system as well as the 

installation of a new SCADA system and a mimic board (Andritz Hydro GmbH, u.d.).  

 
Key outcomes: 

¶ Increased plant reliability and uptime. 

¶ Improved safety. 

¶ Improved annual power productions. 
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Area of digitisation : KPI monitoring; Condition monitoring; sensors. 

 
Source: ANDRITZ Hydro GmbH, (u.d-a), Chu (2019). 

 

Inductive automation -Ignition Platform  
Engie a world leader in energy will be using a new SCADA system at all of its 18 Spanish 

HPP sites. The company has opted to use the Ignition platform by Inductive automation. 

This platform is an industrial solution with different tools that offer SCADA, HMI, and IoT 

connection. Mobile solutions are also provided so employees can view remotely their 

various data. The previous SCADA system in place did not allow for forecast optimisation 

of energy productions or aggregation of all the data required to manage and control the 

;GEH9FQӐK 9KK=LKӄFive plants have already rolled out this solution with another 13 to be 
updated. 

 

The new system would allow the aggregation of various data under one platform 
including the installation of a new predictive maintenance system based on sensory data 

from accelerometers and vibrometers on the generator. Also, trash rack cleaner data 

were integrated into the platform for better cleaning of water racks and water inlets. 

 
Key outcomes 

¶ Aggregation of data under on platform. 

¶ Remote monitoring. 

¶ Early fault diagnosis. 

¶ Optimisation of maintenance, forecasting and energy production. 
 

Area of digitisation  

KPI monitoring; Condition monitoring; sensors; Predictive maintenance. 

 

Source: Inductive automation (2020). 

 
ABB-Axpo condition monitoring  

Axpo has partnered with ABB, in order to digitise O&M of rotating machinery. Specifically, 

smart sensors located at different HPP motors, transmit data to a database and 

combined with a condition monitoring software and a cloud application, provide data 
analytics. Information such as bearing misalignments, temperature spikes etc. are being 

monitored to offer condition-based monitoring to reduce unneeded maintenance that 

was simply carried out so far based on planned intervals thus increase cost and 
downtime. 
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Figure 40 . ABB smart sensor for condition monitoring  

Source: ABB (2022) 

 

Key outcomes 

¶ Controlled maintenance according to condition of machinery. 

¶ Less cost and downtime of HPP. 

 

Area of digitisation : Condition monitoring; Sensors. 

 
Source: ABB (2020; 2022). 

 

MAIA 

MAIA is a software for the management of hydroelectric power plants unavailability. MAIA 

is linked in real time with the digital portal of the Transmission System Operator (TSO) to 

support the users in the communication and deliberation process, also in case of 
accidental unavailability. The application stores all the historical data regarding the 

plants and unavailability, to produce reports on user-defined performance indicators and 

scheduled annual maintenance. 
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Figure 41. MAIA App  

Source: MAS Consulting (2023) 

 

Key outcome/Impact : automation of manual tasks, increased communications 

reliability. 

 

Area of digitisation : HPPs monitoring; data repository; plant unavailability. 

 

Source: MAS Consulting (2024b). 

 

Hydro Pocket 

Hydro pocket is a software developed by Voith that allows hydropower operators to 

access to real-time data about the current status of the machines. The real-time 
monitoring of the KPIs makes it possible to identify problems and their causes, analyse 

historical data and prevent machinery faults. In addition to the monitoring of the plant 

health, the KPIs that are taken into consideration include production, revenue, grid 
connection status, plant operation status and production goals of each plant. Finally, 

automated reports can be generated keeping track of the KPIs trends. 
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Figure 42. Voith Hydro Pocket 

Source: Voith (2024) 

  

Application : HPPs monitoring, KPIs monitoring. 

 

Highlight/Impact : Automation of manual tasks, real-time monitoring, data analysis. 

 

Source: Voith (2024). 

 

 

3.6 Digital workforce management  

 
Workforce management involves optimizing an organization's productivity and efficiency 

through various processes. It includes scheduling, forecasting labour demand, staffing, 

time and attendance tracking, performance management, and employee engagement. 
Workforce managers ensure the right people are available at the right times, track 

employee hours accurately, and evaluate performance. In the hydropower sector, 

workforce management focuses on efficiently managing personnel to ensure the safe and 
reliable operation, maintenance, and development of hydroelectric power plants. It 

involves recruiting and training skilled professionals, scheduling maintenance tasks 

effectively, preparing for emergencies, and overseeing project development activities. The 

digitalisation of workforce management allows managers to know what the personnel is 
doing and what it is still to be done. This allows the managers to be more efficient in 

assigning tasks to the personnel and to monitor their work. 

 

The digitalisation of workforce management is particularly important in the hydropower 

sector. The intrinsic space distribution of the hydropower systems and O&M personnel 

implies that personnel and managers are often in different locations. Therefore, the 
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digitisation of workforce management can provide an efficient and precise way for 

monitoring, archiving, assigning tasks and communicating. 
A lot of workforce management software are available nowadays. The following example 

describes a specific customisation of a workforce management software for the 

hydropower sector. 
 

Axpo-Sogema Digital Workforce Management in HPP 

Axpo and Sogema Software, developed a software to digitalise and simplify the 

workforce management in the Hydropower context. The proposed software offers an 

updated approach to maintenance management, addressing the distinct needs of 

coordinators and maintenance workers. It includes a Web APP for coordinators with 

extensive functionality, and a dedicated Mobile APP for maintenance workers, designed 
for seamless offline use and featuring an intuitive User Interface.  

 

 
Figure 43. Demonstrator of the Web and Mobile APP of the Axpo-Sogema software for Digital 

Workforce Management. 

Source: Axpo (2023a) 

 

Key features 

¶ Automated Task Generation: maintenance tasks are automatically generated 

based on predefined schedules or specific conditions. Maintenance workers can 
also initiate ad-hoc tasks effortlessly via QR Code scanning. 

¶ Planning Tools: the software incorporates Kanban boards and Gantt Charts, 

simplifying task planning and coordination. 

¶ Enterprise Resource Planning (ERP) System Integration: integration with ERP 
systems allows for the straightforward capture of working hours, ensuring 

accurate allocation to the appropriate cost centres. 

¶ Comprehensive Information Gathering: the software streamlines the collection of 

crucial plant-related data, including material usage, working hours, measurement 

data, and observations, aiding in resource optimization and reducing the risk of 

operational failures. 
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Area of digitisation : Workforce Management. 

 
Source: Axpo (2023a). 

 

 
3.7 Augmented and virtual reality  

 

Augmented reality (AR) and virtual reality (VR) is another sector of digitisation of HPPs that 

refers to the use of digital visualisations tools that can display information to the user at 

various stages of a plants life cycle. Application of augmented or virtual reality (VR) are 

numerous in other industries ranging from, entertainment purposes, military, medical 

sector, aerospace, to production and many others (Liu, 2021; Jiang 2023). However, the 
applications on the hydropower sector are not that many. This digitisation technology in 

also identified by ANDRITZ as one of the key digitisation megatrends in the energy sector 

(ANDRITZ Group, 2024). These visualisation tools can include representation of physical 
assets and information about investment decision for design and planning up to 

maintenance and workforce training (Arch et al., 2019). Hence, this section might overlap 

with others like digital twins or KPI monitoring. However, the difference is that this field 

refers to the use of augmented or virtual reality for 3D visualisation of data. For example, 
virtual reality or 360° videos can be used to display accurate models of plant physical assets, 

turbines, impellers, generator rotors or any other machinery that has been previously 

digitised. Lie (2021), suggests the use of VR and AR for immersive training i.e. roaming inside 
virtual facilities, operations training, maintenance and assembly training for machinery, 

fault diagnosis or even emergency plan rehearsing. All these examples allow the user to 

operate in a risk-free environment while critical training can be carried out before being 
applied in the physical world.  

 

Verbund- Rabenstein pilot project  

As part of the digital power plant pilot project that Verbund has initiated at its Rabenstein 
power plant, the company has created 3D virtual plant models. The latter are used to 

digitise the plant layout, spaces and machinery that are used for safety instructions 

purposes of the facilities. The models are also used for intuitive access to any information 
of the plant, in order to create remotely, workorders for maintenance and inspection 

checks. In addition, these 3D models, displayed through virtual reality lenses, are used 

for training new personnel in maintenance operations.  
 

Key outcomes 

¶ 3D visualisation of facilities, machinery and assets. 

¶ Ease of creating maintenance of workorders. 

¶ Training in virtual safe environment. 
 

Area of digitisation : Virtual training; Augmented and virtual reality; 3D modelling. 

 
Source: Verbund (2020). 
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Voith Hydro and STRUCINSPECT 
Voith Hydro has partners with an Austrian start-up STUCINSPECT company in order to 

maximise the service life of their equipment. This startup operates the first Infrastructure 

Lifecycle Hub for digital infrastructure inspection and lifecycle management. The 
company offers a digital platform for combining technologies with the aim of digitising 

infrastructure such as bridges, tunnels and dams for enabling maintenance decision 

making.  A joint pilot has been implemented at the 72 year Clunie station in Scotland 

which is operated by SSE Renewables.  

 

Data regarding the infrastructure were gathered using drones, underwater devices and 

smartphones in order to create a 3D model of the dam. The data were then transferred 
AFLG 9 ӑ*A>=;Q;D= &M:Ӓ where they were analysed by Artificial Intelligence. Other 

technologies such as Building information Modeling and Augmented were also applied. 

 

 
Figure 44. STRUCINSPECT infrastructure Lifecycle Hub  

Source: Voith (2023) 

 

Key outcomes: Digitisation of infrastructure. 
 

Area of digitisation : Digital twins; unmanned vehicles and robots. 

 
Source: Voith (2023) 

 

 
3.8 Unmanned vehicles and robots  

 

Unmanned vehicles and robots refer to the use of unmanned aerial vehicles (UAVs), remote 

operated vehicles (ROVs) or quadrupeds. The applications of UAVs are numerous and not 
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limited to HPPs, i.e. transport, agriculture, aerial photography, logistics, emergencies, 

monitoring, inspections, surveillance up to recreation.  Applications of UAVs are presented 
in Figure 45. 

 

 
Figure 45. Applications of UAVs for aerial inspections 

Source: Nooralishahi et al. (2021; 4) 

 

More specific applications of UAVs in the context of hydropower plants and inspection can 

be summarised as (Axpo, 2023b): 

¶ Structural inspection. 

¶ Roof inspections. 

¶ Surveillance during stream bed flushing. 

¶ Water catchment and weir inspection. 

¶ Inspection of shore areas. 

¶ Inspection of rockfalls, debris flows or avalanches. 

¶ High altitude inspections of facilities and grid infrastructure. 

¶ Inspection of aviation obstacle marking for grid network around the HPP. 

¶ Checking the clearance of roads and paths to the HPPs, dam and the surrounding 

road network. 
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However, the context of the application, of such vehicles, to HPPs is more focused to 

carrying sensor devices for inspection (Yang et al., 2023), monitoring (Son et al. 2021), 
surveillance (Hoang, 2023) or even surveying of facilities (Choi et al. 2023). Underwater 

drones like ROVs have numerous applications as well from visual inspection, non-

destructive testing (NDT), repairs, recovery operations, oceanography and hydrography 
(measurements, sampling and surveying) (Kongsberg, 2024; Wevolver, 2022).  

 

4#0 3,"ӐK "A?AL9D &Q<JGHGO=J .D9FL ҒӄҎӎ 

5AL@AF L@= >J9E=OGJC G> L@= <A?ALAK9LAGF 9;LAGFK ;9JA=< GML 9L 4#0 3,"ӐKRabenstein 

power plant in StyriaӅ 0-4ӐKand autonomous surface vessels have been used. 

 

Limited information exists on the specifics of this application. An autonomous surface 
vehicles for hydrographic survey was used while an ROV was used for underwater 

inspection of the trash rack area up to the turbine (Gebhardt, 2019; Verbund, 2020). The 

ROV was also used for precision inspection of underwater components using an 
underwater laser (Verbund, 2020). In addition, a UAV was also used for aerial inspections.  

 

 

 
Figure 46. Application of drones at 4#0 3,"ӐK 09:=FKL=AF HGO=J HD9FL 

Source: Gebhardt (2019;2) 

 
Key outcomes: Reduction of down time and unplanned incidents. Easiness of 

inspections at confined and difficult to reach spaces, especially in the case of the turbine 

inspection. Underwater equipment can be inspected without emptying the retention 
basin and dehumidify the parts.  

 

Area of digitisation : Unmanned vehicles and robots; underwater and aerial inspections. 

 

Source:  Gebhardt (2019), Verbund (2020). 

 
 

 

 










































































































































































































































































