
 

POWERING EUROPE IN A 

SUSTAINABLE WAY 

Experts recommendations on the initial 
structure of RIA & TR (SIR) and the current 

status of hydropower technology 
 

Workshop Feedback 
 

 

 

Date: December 2019 

Document No: WP03-Dl-20 

Version: v2.0 

Status: Final  

Deliverable No: D3.1 

Task Leader: VGB PowerTech e.V. 

 

The HYDROPOWER EUROPE Forum is supported by a project that has received 

funding from the European Union's Horizon 2020 research and innovation 

programme under grant agreement No 826010 

 



  WP03-DlRp-20: Expert Recommendations Deliverable D3.1 

WP3-DlRp-20_D3_1_ExpertRecInitialStructure_v2_0_Final 2 December 2019 

DOCUMENT INFORMATION 

Title Experts recommendations on the initial structure of RIA & TR (SIR) and 
the current status of hydropower technology 

Lead Author Hendrik Multhaupt 

Contributors Mario Bachhiesl, J-J Fry 

Distribution Public 

Document Number WP03-Dl-20 

 

DOCUMENT HISTORY 

Date Revision Prepared by Approved by Description & status 
07/08/19 V1.0 H Multhaupt  Preliminary draft 

09/12/19 V2.0 J-J Fry A. Schleiss Revised 2nd edition 

 

ACKNOWLEDGEMENT 

 

The HYDROPOWER EUROPE Forum is supported by a project that has received 

funding from the European Union's Horizon 2020 research and innovation 

programme under grant agreement No 826010 

DISCLAIMER 

This document reflects only the authors’ views and not those of the European Community. 

This work may rely on data from sources external to the HYDROPOWER EUROPE project 

Consortium. Members of the Consortium do not accept liability for loss or damage suffered 

by any third party as a result of errors or inaccuracies in such data. The information in this 

document is provided “as is” and no guarantee or warranty is given that the information is 

fit for any particular purpose. The user thereof uses the information at its sole risk and 

neither the European Community nor any member of the HYDROPOWER EUROPE 

Consortium is liable for any use that may be made of the information.  



  WP03-DlRp-20: Expert Recommendations Deliverable D3.1 

WP3-DlRp-20_D3_1_ExpertRecInitialStructure_v2_0_Final 3 December 2019 

CONTENTS 

Document Information .............................................................................................................. 2 

Document History ...................................................................................................................... 2 

Acknowledgement ..................................................................................................................... 2 

Disclaimer ................................................................................................................................... 2 

Contents ..................................................................................................................................... 3 

Summary .................................................................................................................................... 6 

1 Introduction ........................................................................................................................ 7 

2 The First Expert Group Meeting ......................................................................................... 9 

2.1 The venue .................................................................................................................... 9 

2.2 The objectives ............................................................................................................. 9 

2.3 The agenda .................................................................................................................. 9 

2.4 Feedback on the State-of-the-art Hydropower ........................................................ 10 

2.4.1 Introduction ....................................................................................................... 10 

2.4.2 Technologies enabling maximization and flexibility in power generation and 

storage ............................................................................................................... 10 

2.4.3 Technologies for operations efficiency .............................................................. 12 

2.4.4 Performance and resilience of equipment ........................................................ 12 

2.4.5 Performance and resilience of infrastructures .................................................. 15 

2.4.6 Hydro marine energy solutions ......................................................................... 19 

2.4.7 Environmental-friendly solutions and social acceptance .................................. 20 

2.4.8 Mitigating the impact of global warming on hydropower generation .............. 23 

2.5 Feedback on the Research and Innovation Agenda .................................................. 25 

2.5.1 Introduction ....................................................................................................... 25 

2.5.2 Technologies enabling maximization and flexibility in power generation and 

storage ............................................................................................................... 25 

2.5.3 Efficiency improvement and optimisation of operation of hydropower plants 26 

2.5.4 Performance and resilience of equipment ........................................................ 27 

2.5.5 Performance and resilience of infrastructures .................................................. 28 

2.5.6 Developing emerging Hydro marine energy solutions ...................................... 30 

2.5.7 Environmental-friendly solutions and social acceptance .................................. 31 

2.5.8 Mitigating the impact of global warming on hydropower generation .............. 32 



  WP03-DlRp-20: Expert Recommendations Deliverable D3.1 

WP3-DlRp-20_D3_1_ExpertRecInitialStructure_v2_0_Final 4 December 2019 

2.6 Feedback on the Strategic Industry Roadmap .......................................................... 34 

2.6.1 Introduction ....................................................................................................... 34 

2.6.2 Societal acceptance ........................................................................................... 35 

2.6.3 Stakeholders consultation, dissemination and communication ....................... 37 

2.6.4 Sustainability ...................................................................................................... 39 

2.6.5 New revenue stream: grid services ................................................................... 39 

2.6.6 Regulation .......................................................................................................... 39 

2.6.7 Innovation: digitisation for a better value ......................................................... 39 

2.7 Feedback on Further Expert Consultation ................................................................ 39 

2.7.1 Formation of the Consultation Expert Panel ..................................................... 40 

2.7.2 Methodology for Research Topic Prioritization ................................................. 41 

3 Feedback from ETIP SNET workshop ................................................................................ 44 

3.1 The ETIP SNET workshop ........................................................................................... 44 

3.2 IEA energy innovation analysis .................................................................................. 44 

3.3 The future role of Hydrogen ..................................................................................... 48 

3.4 Internet of Things innovation .................................................................................... 48 

3.5 Heat Roadmap Europe, DHC and work on sector coupling ...................................... 48 

3.6 Conclusion for Hydropower ...................................................................................... 50 

 

 

Tables 

Table 1 Participant list first expert group meeting .................................................................. 55 

 

 

Figures 

Figure 1 Consultation loop. ........................................................................................................ 7 

Figure 2 Examples of transition times for changing modes .................................................... 11 

Figure 3 Obervermunt II Ternary Francis unit ......................................................................... 11 

Figure 4 2018 capacity breakdown by types of hydraulic machines ....................................... 13 

Figure 5 Selecting the Type of Hydraulic Turbines .................................................................. 13 

Figure 6 SWOT analysis for selection of environmental impact mitigation ............................ 37 

Figure 7 Proposed stakeholder groups .................................................................................... 41 

Figure 8 Proposed score matrix for discussion ........................................................................ 42 

Figure 9 The global energy-related CO2 emission have increased in 2017 & 2018 (IEA 2019)

.................................................................................................................................................. 45 



  WP03-DlRp-20: Expert Recommendations Deliverable D3.1 

WP3-DlRp-20_D3_1_ExpertRecInitialStructure_v2_0_Final 5 December 2019 

Figure 10 Expected positive impact of efficiency and renewables on global CO2 emission 

(IEA) .......................................................................................................................................... 45 

Figure 11 Global installed capacity of hydropower will be in 2040 twice the 2010 one (IAE) 46 

Figure 12 Share of electricity generation by source in the European Union 2017-2040 ........ 46 

Figure 13 Impact of variable renewables share of generation in the energy system (IEA) .... 46 

Figure 14 Total public spending on low-carbon energy technology RD&D (in billion USD) .... 47 

Figure 15 Corporate investments in new energy technology companies, by sector of 

investing company ................................................................................................................... 47 

Figure 16 Historical, current and future CO2 emissions for the 14 HRE4 countries based on 

the BL 2050, CD 2050 and HRE 2050 scenarios ....................................................................... 49 

Figure 17 Illustration of the energy system changes implemented in all HRE Scenarios 

towards 2050 ........................................................................................................................... 49 

 

Appendices 

Appendix A HYDROPOWER EUROPE first expert group meeting ...................................... 52 

Appendix B First expert group meeting participant list .................................................... 55 

Appendix C European RD&I value chain by ETIP SNET ...................................................... 57 

 

 



  WP03-DlRp-20: Expert Recommendations Deliverable D3.1 

WP3-DlRp-20_D3_1_ExpertRecInitialStructure_v2_0_Final 6 December 2019 

SUMMARY 

This document summarizes the expert recommendations arising from the first expert 

workshop in March 2019 in Brussels on the current status of hydropower technology, 

the initial structure of the Research and Innovation Agenda (RIA) and the Strategic 

Industry Roadmap (SIR) – with the latter former initially called the Technology 

Roadmap (TR) – as well as the methodology of research categorization and 

prioritization together with the methodology for the formation of the consultation 

expert panel (CEP) taking into account feedback from the first stakeholder 

consultation. A short report on the Hydropower Europe project's participation in the 

ETIP SNET workshop on 14 March 2019 provides an overview of the current context 

for research and innovation in other renewable energy sources to ensure the 

flexibility of the future electricity grid.   
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1 Introduction 

Currently, the hydropower sector has no single, focussed entity representing stakeholder’s 

views, which often leads to fragmented messages and approaches, and a failure to present 

the bigger picture. This applies to material and equipment research and the demonstration 

of such results, but also to research on regulation, which influences the applicability of any 

technologies developed. The concept of HYDROPOWER-EUROPE is therefore to build a 

forum with a consultation process which will channel the inputs from all relevant 

stakeholders regarding research needs from a technological and regulatory point of view 

culminating in the first step in developing the Research and Innovation Agenda. Integration 

of societal point of views related to hydropower (e.g. regulations, social and environmental 

impacts of existing and to be developed technologies) will be addressed through the second 

step of developing a Technology Roadmap i.e. Strategic Industry Roadmap1. 

 

The consultation process will allow a structured programme of stakeholder consultation 

through workshops and online discussion groups to seek perceptions, views and 

expectations on the current and future research and innovation needs of hydropower sector. 

The process will share knowledge and information at the EU level between basic science, 

the research and industrial value chain, civil society and European and national authorities. 

The consultation process is based on three loops of consultation activity, each including: 

• Consultation of all stakeholders 

• Drafting of the RIA and SIR 

• Expert group feedback 

as illustrated by Figure 1. 

 

 

Figure 1 Consultation loop. 

 

The first loop of the process illustrated in Figure 1 started with the preparation of the initial 

structures of the RIA and the SIR by the editing team (WP4) between the end of 2018 and 

 
1 Both terms - Strategic Industry Roadmap (SIR) and Technology Roadmap (TR) – describe the same document. 
The document name evolved from Technology Roadmap to Strategic Industry Roadmap after the first expert 
group meeting. Both terms are used interchangeable in this report. 
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the beginning of 2019. Before these are further used as basis for the first wider stakeholder 

consultation (WP2) in mid 2019, they were reviewed by a group of selected experts in the 

context of the first expert group meeting in March 2019 in Brussels. Within that workshop, 

the topics state-of-the-art hydropower technologies and the process of further expert 

consultation were discussed. The chapter 2 of this report summarizes the outcomes of the 

workshop. 

In the same time, on the same date, The European Technology and Innovation Platform for 

Smart Networks in Energy Transition (ETIP SNET) held a workshop to discuss the 

achievements and challenges of the integration of the electricity networks with other 

energy carriers (gas, heating, cooling, water, transport etc.).  It was an opportunity for 

HYDROPOWER EUROPE to discuss how to enhance the synergies between hydro and the 

other energy resources in view of an overall optimisation and an acceleration of the 

decarbonisation process. The chapter 3 of this report summarizes some of the outcomes of 

the workshop. 
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2 The First Expert Group Meeting 

2.1 The venue  

The first expert group meeting of the HPE project took place in Brussels on March 13th 

(afternoon) and 14th, 2019. The agenda can be found in Appendix A.  

 

The 40 participants included 29 external experts mainly from linked third parties and those 

with letter of support together with 10 members of the HPE core team plus the EC advisor 

(Appendix B).  

2.2 The objectives 

Four documents (Microsoft Word) have been shared with the experts before the workshop 

via direct email, including: 

• Research and innovation agenda (RIA) (draft) 

• Technology roadmap (draft)  

• R&I needs and prioritisation process (draft) 

• R&I needs and prioritisation process (survey). 

 

The experts were asked to give their feedback on the drafts within the documents via track 

change mode except for the “R&I needs and prioritisation process (draft)”, which was to be 

evaluated via the corresponding survey document. 

2.3 The agenda 

The first day of the workshop included presentations and round table discussions of the 

draft documents (RIA and SIR) and proposals for the formation and work methodology of a 

consultation expert panel (CEP). Feedback from the first online stakeholder consultation 

(registrations on the projects consultation platform (WP1 and WP2)) together associated 

with the expert feedback prior to the workshop were used as base for the discussions.  

 

The second day included 12 presentations on different current state-of-the-art hydropower 

technologies held by present experts followed by round table discussions.  
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2.4 Feedback on the State-of-the-art Hydropower 

2.4.1 Introduction 

The chapter 2.4 summarizes the 12 presentations. The purpose of these presentations was 

to draw on the experience of experts to provide an overview of the state of the art of their 

field and the perspectives that emerge from their opinions. To this end, the experts were 

asked to answer the following questions on the research and innovation needs they were 

considering: 

• research challenge, including the rationale behind it and the expected results; 

• Technology readiness level; 

• detail assessment of the research priorities; 

• stakeholders that should lead the research and relevant actors that should be 

engaged; 

• indicative time frame; 

• assessment of the needed funding, including type – grants, loans, blended finance– 

and amount. 

Only one presentation faithfully reproduced this template. The presentations focused more 

on the state of the art than on the needs of research and innovation. They were introduced 

into the 7 priorities research and innovation themes proposed in the draft of the Research 

and Innovation Agenda.  

1. Enhancing power generation, flexibility and storage capacity for safe energy supply 

2. Efficiency improvement and optimization of operation of hydropower plants 

3. Performance and resilience of equipment  

4. Performance and resilience of infrastructures 

5. Developing emerging Hydro marine energy solutions 

6. Environmental-friendly solutions and social acceptance 

7. Mitigating the impact of global warming on hydropower generation 

 

2.4.2 Technologies enabling maximization and flexibility in power generation 

and storage  

2.4.2.1 Gottfried Goekler (Vorarlberger Illwerke AG) 

• Generation times in HP plants are getting shorter but higher: need of efficient, but 

also flexible and rapid machinery set.  

• Mode change times significantly influence flexibility. Options are (Figure 2): 

o Reversible pump-turbine: a) advanced conventional, b) extra fast response 

conventional, c) variable speed (Doubly-fed electric machine) 

o Ternary set 
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Figure 2 Examples of transition times for changing modes 

• Example 1: Kopswerk II power plant (3 ternary units with Pelton turbines) 

o 8.000 hours annual operation per unit. 

o 10 – 20 daily mode changes Pump/Turbine. 

o quick mode changes: 20 sec. ±450 MW until 0 load. 

o 40 seconds from full load pump to turbine operation. 

• Example 2: Obervermunt II power plant (2 Ternary units with Francis turbines) 

o The turbines are full adjustable from 100% to 0% without any part-load limit 

and without additional air for stabilizing the Francis turbine. 

o 30-40 seconds ±360 MW until 0 load, 60 seconds from full load pump to full 

load turbine operation. 

 
Figure 3 Obervermunt II Ternary Francis unit 

2.4.2.2 Alexander Schwery (GE Renewable) 

• The second sources of flexibility provided by hydro is its storage potential. 

• Options: 

o Conventional PSP: reaction time depends on hydraulic time constant 

o Variable speed PSP: keep the same pressure in the hydraulic system; has the 

same reaction time as batteries: 
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▪ Allow the machine to react much faster to the frequency change than 

required. 

▪ Primary frequency control both in turbine and pump mode. 

 

2.4.3 Technologies for operations efficiency 

2.4.3.1 Marco Pinelli (Enel Green Power Spa) 

 

• The main concern for operations efficiency in hydro is digitalization. PV and solar 

were born digitalized, hydro needs to be digitalized now. Standardization in hydro is 

difficult. Most hydro plant do not have sensors and digitalized systems. 

• Necessary to improve data gathering (through installing new sensors) collect them 

with control and monitoring system. Then data can be stored for ex-post analysis to 

improve the operations of the fleet. 

• An issue is connectivity in remote places (where satellite connection also does not 

work). Need to improve technology to enhance connectivity of the power plants. 

• Enel work significantly on standardized data modeling for the power plant. Each HPP 

now use different data model. Standardized data modeling is essential to aggregate 

data. Also standardized data modeling allows a better communication with the 

distribution system. 

• Efficiency means to do more with the same resources (staff and water). Remote 

controlling allows optimizing workload respect to onsite control: operator save time 

to do other activities. This is necessary because revenues are decreasing (optimize 

costs to keep the same margins). 

• It is also important to optimize activities on the power plant. Digitalizing 

maintenance through work force management systems (store info on activities and 

costs through mobile devices). Also important are resources optimization tools, 

because variability can lead to high costs. 

• There are several other monitoring systems: LIDAR survey (flying or on-field), 

photogrammetry, digital bathymetry (particular useful for sedimentation 

management). Collected data are put on GIS platforms and modeled with specific 

software. For example of analysis performed see slide 22. 

 

2.4.4 Performance and resilience of equipment 

2.4.4.1 Professor François Avellan (EPFL-Laboratory for Hydraulic Machines) 

• There are several types of hydraulic turbines: 

o Francis Turbines (single regulated) 

o Kaplan & Bulb Turbines (double regulated) 

o Pelton Turbines (1 jet to 6 jets) 

o Pump‐Turbines (dissipater) 
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• The 2018 capacity breakdown by types of hydraulic machines is presented in Figure 1. 

The share of Pelton and Pump-Turbine in Europe is twice as high as the share in the 

world.  

 
Figure 4 2018 capacity breakdown by types of hydraulic machines 

• Each type of Hydraulic turbine works within different head and specific speed ranges 

 
Figure 5 Selecting the Type of Hydraulic Turbines 

• Pump Specific Speed is a method of characterizing pumping conditions and it may be 

used to determine the most appropriate pump design for a given application. 

• Francis turbines are very efficient, but they have a limited operating range because 

they are single regulated. All major hydropower plants have Francis turbines. The 

low operating range is due to cavitation, deriving from the fact that these turbines 

have fixed pitch blades: depending on the discharge it experiences counter-rotating 

vortex, which causes cavitation. Many tests can be done to verify it (see slide 11). 
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• Kaplan and bulb turbines have lower head and higher discharge than Francis turbines. 

The main feature is that they are double regulated. They are very expensive 

machines. They can be done with more compact design, but in this case new 

problems arise (cavitation). They have variable pitch blades. They are more fish 

friendly design. 

• 1100 GW Hydro installed capacity in 2020 could be susceptible to modernization and 

1000 GW should be installed before 2050. In case of Greenfield projects most of the 

total costs derive from civil construction, while generation equipment is a small part 

of total costs (25%). In case of modernization projects costs are lower, but we need 

to take into consideration downtime costs. The share cost of generating equipment 

is 40% on modernization projects accompanied with 60% for downtime. This budget 

sometimes prevents modernization projects. Before starting modernization projects, 

it is better to perform baseline tests and competitive tests for new design 

assessment (see slides 16-18). 

• Pelton turbines have the advantage that it is possible to moderate the power. 

Therefore, they offer more load flexibility. Efficiency is not so high like Francis 

turbines. Major problems are: silt erosion (due to sand hitting the bucket), fatigue 

and sometimes cavitation. Hard-coating can mitigate silt erosion (even if it may 

slightly reduce efficiency). 

• Reversible pump turbines allow more flexible operations. They have very limited 

range in pumping mode. Operators need to face rotor-stator interactions. 

• Pump‐Turbine Fast Transition Between Generating and Pumping Modes: 

o DFIM Variable Speed Technology: 

▪ Active power control in pumping mode. 

▪ Fast active power injection/absorption in pump and turbine mode. 

thanks to “Flywheel” effect. 

▪ Extended operating range in turbine and pumping mode. 

o FSFC Variable Speed Technology: 

▪ Pump start‐up without supplementary equipment. 

▪ Suitability for large head variations in pump mode. 

▪ Reactive power control (Static Var Compensator) at standstill 

2.4.4.2 Dr. Jürgen Schuol (Voith Hydro Holding GmbH & Co. KG) 

• Motor generator can be air cooled or water cooled. 

• Examples of refurbishment projects and hybrid projects.  

• Small hydro: 

o Minimum environmental impact 

o Oil-free power unit and completely oil-free plant 

o Low civil impact 

o Low operational and maintenance costs 

o Submerged machinery for low visual and noise impact. 

• Low head hydropower application: 
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• Some specific environmentally-friendly products: 

o Oil-free solutions like oil free hub 

o Minimum Gap Runner improve fish survivability 

o Water quality enhancement with aerating hollow runner blades 

2.4.4.3 Discussion 

- Previous contributions did not mention repairing techniques. Need to find balanced 

way between full refurbishment and simpler interventions, depending to the risk 

attached to the asset. Include the entire range, from simple to complex solutions. 

- Need to reduce a bit efficiency through coating to reduce damage driving from 

sediments. 

- Preventing fishes to go through the turbines using nets is also efficient.  

 

2.4.5 Performance and resilience of infrastructures 

2.4.5.1 Miroslav Marence (IHE-Delft) 

• Monitoring of large dams requires the installation of a lot of sensors. 

• Deformation prediction models were developed to foresee the temperature effect, 

water load and other deformations on dams (see slide 5). The numerical prediction 

model is implemented in the new developed computer program installed on the NEK 

computer. The model predicts the dam deformations based on the water level and 

temperature data of last 3 months. The measured input parameters must be 

uploaded manually (file transfer) in the model before the new prediction calculation. 

It can be improved with in-time prediction. 

• Dam surveillance can also be done with remote sensing: 

o Remote sensing is the acquisition of information about an object or 

phenomenon without making physical contact. 

▪ By Satellite (deformation measurements): InSAR radar technique is 

very accurate. This geodetic method uses two or more synthetic 

aperture radar (SAR) images to generate maps of surface deformation 

or digital elevation, using differences in the phase of the waves 

returning to the satellite or aircraft. The technique can potentially 

measure millimeter-scale changes in deformation over spans of days 

to years thanks to phase changes in successive satellite images to 

calculate very precise deformation rates. 

▪ By Drones (geological mapping and detection of possible landslides). 

• Risks: 

o Flood estimation (intensity and return periods)  

▪ improved reservoir management 

▪ spillway and dam crest modification 

▪ overtopping and consequences 
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• Probabilistic dam safety analyses (ICOLD workshop 2017) 

o Concrete dams 

o Earthfill dams 

• Earthquake loading 

• Dam–break flood model 

• Geological risk (dams, tunnels, etc.) 

• Surveillance and maintenance risks 

2.4.5.2 Discussion 

• Essential to have monitoring systems in place both for performance assessment and 

for security by providing fast information to the population in case of earthquakes or 

other incidents. 

• Artificial intelligence is a promising avenue for research to improve risk management 

and simulation techniques. 

2.4.5.3 Domingos Matos (EDP Gestão da Produção de Energia S.A.) 

• Infrastructures include dams, spillways and bottom outlets, power house, hydraulic 

circuits including intake and outlet structures. 

• Performance refers to good operation and functionality (structural, hydraulically end 

environmental). Surveillance provides information about structures performance. 

Behavior anomalies, incidents and/or accidents are indicators of a not full 

satisfactory performance. 

• Resilience, in general terms, means “the quality of being able to return quickly to a 

previous good condition after problems”. In hydropower structures it also means the 

capacity and adaptability to operate in new and diverse situations, often adverse 

situations that are different from those for which they were designed: extreme 

floods, extreme earthquakes larger than initially designed. Structures’ ageing also 

requires resilience capacity: concrete expansion, dam surveillance.  

 

Resilience to extreme floods: recalibration of design floods, flood routing and 

overtopping of dams: 

• High degree of uptake of these measures in Europe by existing dams and 

consultancy services. 

• Need to select adequate methods for Flood Estimation. Several reliable 

numerical models (statistical and rainfall-runoff models) are available for 

flood estimation associated to different return periods. Recent studies are 

based in larger hydrological series providing more accurate results. Need to 

take into consideration the effect of climate change on existing and new 

infrastructures 

• Assessment of existing spillways capacity, considering flood routing and 

overtopping acceptance. In spillway capacity verification two types of 

situations can occur: 
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i. Possibility to adopt non-structural measures: reservoir exploitation 

management adjustments, upstream crest parapet waterproofing or 

dam crest overtopping acceptance 

ii. Need of structural measures, namely the construction of an additional 

spillway. 

• Flood routing is only relevant in reservoirs with large capacity face to the 

inflow flood volume. 

• Topics: For concrete dams, overtopping imposes structural safety verification 

and an effective downstream scour control. Overtopping has been 

considered not acceptable for embankments dams. However, in special 

situations, the overtopping of rockfill dams has been envisaged. Effects of 

water flows through the dam body and in the foundation have to be analyzed. 

• However, in special situations, the overtopping of rockfill dams has been 

envisaged. Effects of water flows through the dam body and in the 

foundation have to be analyzed. 

 

Dam resilience to extreme earthquakes 

• The goal is to ensure downstream population protection concerning seismic 

effects on dams. In Europe the degree of uptake of these measures is 

medium. 

• Need to perform structural analysis of the system “dam-reservoir-

foundation”, assess the safety of existing dams, appurtenant structures and 

relevant hydro/electro mechanical components use updated criteria and 

methodologies 

• Need to implement adequate seismic monitoring systems and warning 

systems in the downstream valley for eventual floods associated to 

earthquakes effects 

• The ICOLD Bulletin 148 (2016) updates guidelines for seismic safety , 

introducing new and more embracing concepts: 

i. As a general rule, seismic multiple hazards associated to rockfalls, 

landslides, ground settlements, liquefaction and others, should be 

considered. 

ii. It includes seismic design criteria to be applied to dams, to the 

appurtenant structures and also to relevant hydro/electro mechanical 

components (bottom outlets, spillway gates and power units) 

envisaging its functionality after an earthquake occurrence. 

• Dynamic analyses methods, which allow the calculation of the inelastic 

seismic response of embankment and concrete dams, are now available. 

However their results should be verified with observed data. 

• Most of the existing dams were designed using obsolete methods and it is 

highly advisable to re-evaluate its seismic safety. Reinforcement works can be 

necessary which may involve relevant costs. 



  WP03-DlRp-20: Expert Recommendations Deliverable D3.1 

WP3-DlRp-20_D3_1_ExpertRecInitialStructure_v2_0_Final 18 December 2019 

• Dams of various types have already been subjected to intense earthquakes, 

with high magnitudes (M≥6) and with epicenters at relatively short distances 

of the dam site. There are several publications reporting theirs effects. 

 

Resilience to ageing: concrete expansion in dams 

• Action needed: 

i. Knowledge dissemination of the phenomenon, its effects and possible 

management and mitigation measures 

ii. Support to investigations leading to increase the comprehensive 

mechanisms of the phenomena and prediction of its development 

iii. Support the improvement of numerical models to evaluate the dam 

safety and the dam behavior under expansion development 

iv. Implementation of adequate monitoring systems 

• Concrete swelling phenomena, associated in particular with the Alkali-

Aggregate reactions, represents the major worldwide problem affecting 

concrete dams and structures of hydropower projects. 

• Most usual expansions reactions are Alkali-Aggregate Reactions (AAR), 

including alkali-silica reactions (ASR), Internal Sulphate Attack (ISA) and 

Delayed Ettringite Formation (DEF): 

i. They can occur at any concrete age (from 0 to 50-80 years). 

ii. These reactions cause severe cracking and mechanical degradation 

properties, irreversible displacements, movements causing 

interference with spillways gates and other equipment, and decrease 

of structural safety. 

iii. Some figures about affected dams: Portugal -32% of dams (19 in 60); 

France (EDF) -20% (31 in 156); Switzerland 14% (22 in 154 dams). 

Other cases worldwide are disclosed in specific bibliography. 

iv. It is important to control the rate and the duration of the 

phenomenon, in order to extend the useful service life of the 

structure through monitoring and structural assessment supported on 

numerical models and methods. 

v. Possible mitigation measures are: Anchors (post-tensioned high 

tensile or unstressed mild steel anchors), grouting (cementitious 

and/or epoxy slurries), concrete slot cuts, application of epoxy 

coatings and PVC membranes, gate and equipment adjustments and 

implementation of dedicated monitoring systems. 

 

Resilience to ageing: dam surveillance (see ICOLD approach in slide 13) 

• Surveillance process aims to reduce the probability of incidents occurrence 

and of dam failure, by overall assessment of the dam behavior, with 

identification of behavior patterns and potential failure modes, early 
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detection and estimation of the associated risk levels, and implementation of 

Emergency Action Plans. 

• Operator have the main responsibility for all aspects of dam safety including 

reducing the consequences of any dam failure. Hydropower operators 

generally use the best and updated practices on dam monitoring. 

• Action needed: 

i. Assessment of the implementation of automated data acquisition 

systems, with trigger alerts 

ii. Development of behavior patterns and methods for a global 

assessment of dam safety 

iii. Modernization and optimization of monitoring systems in existing 

dams 

• ICOLD issued a set of Bulletins with important guidelines concerning Dam 

Safety: 118 (2000), 138 (2009), 158 (2013), 167 (2017) 

• Government Agencies have issued legislation to enforce and control effective 

dam surveillance. 

• Extensive new developments in dam instrumentation have emerged and can 

be applied to existing dams with relatively limited installation work. 

• However in existing dams 

i. Instrumentation systems can be obsolete or not reliable and re-

instrumentation can be necessary. 

ii. The risk level of the dam, the criticality of the provided information, 

the cost and the installation opportunity are issues related to the 

improvement of those monitoring systems. 

 

2.4.6 Hydro marine energy solutions 

2.4.6.1 Peter Stettner (ANDRITZ HYDRO) 

• Energy from waves and tidal stream do not enter in the domain of hydropower, but 

that of ocean energy. Hydromarine solutions exploit tidal ranges. 

• Tidal power has a huge potential worldwide (Available Possible Potential > 150 TWh). 

Tidal current turbines (based on wind turbines technology) are employed in areas 

where the kinetic motion of the ebbing and surging of ocean tides produces strong 

bidirectional currents (≤ 3.5 m/s). However, they are not here considered as 

hydromarine solution. 

• Tidal power solutions exploit the potential of harnessing the dynamic energy, 

created by the head difference between high and low tides. Tidal amplitude ranges 

between 0,5 and 10 meters. The focus is on tidal power plants that employ classic 

hydro technologies. Tidal power plants are based on dams across the full width of a 

tidal estuary, exploiting the energy by means of hydropower turbines (based on the 

run-of river turbines technology). They can reach up to 20 MW: P (t) = h * Q * H *  * 
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g -. Turbines can be single direction or bidirectional. They also can be triple regulated 

(variable speed, turnable runner blades and guide vanes that can turbine, pump and 

sluice water in both directions in an efficient way). See Sihwa Tidal and Swansea Bay 

examples in the slides 7-17. Swansea Bay power plant allows optimizing energy 

generation by pumping sea water in and out the lagoon. Andritz developed a special 

calculation tool for AEP optimization of tidal power plants. 

• “Classic” Seawater Pumped Storage: first plant was a 30 MW plant in Okinawa 

(Japan) – see slide. It was turned off and rebuild because it was a demonstration 

project. Seawater pumped storage is usually combined with wind or PV. 

• Seawater Hydro Batteries are the possible evolution of classic sea water pumped 

storage. Development of new technology and new pumping storage projects with 

underground caverns as a lower reservoir and using the sea or lakes as upper 

reservoir. Sea is the upper reservoir. There are standardized types for different 

applications. It should be combined with on-shore and off shore wind. 

• An alternative is PSP + Desalination: Integrated Pumped Hydro Reverse Osmosis 

System (IPHROS).  

• Further Low Head Concepts: energy islands.  

• See references on sea water pumped storages in the slides. 

2.4.6.2 Discussion 

• In tidal stream, the TRL is low and there is not proved business models. Maintenance 

cost of these plants is very high.  

• There is also tidal garden concept: combination of tidal range (not close basin) and 

tidal stream technology. 

• Recently release of a white paper in French on the future of tidal power in France 

and Europe. Key message: just using for generation purposes is not cost effective. 

Need to couple with other services, e.g. protection of the coast. These plants need to 

be multipurpose systems for transportation (e.g. shorten road bypassing estuaries), 

protection of coasts. 

2.4.7 Environmental-friendly solutions and social acceptance 

2.4.7.1 Peter Matt (Österreichs Energie)  

• The water framework directive had a substantial impact on hydropower generation. See: 
Technical University Graz (Prof. Stigler, 2005) “Economic and ecologic evaluation of potential 
impacts of WFD on development and use of hydropower plants” 

o Residual water (total hydropower generation): up to 7% loss of generation (up to 
2,900 GWh p.a.) in Austria 

o Mitigating hydropeaking: up to 85% loss of flexible capacity; moreover, valuable 
storage plants would become “run-of-river”. 

• Therefore, it was absolutely necessary to get ministry and NGO on board to discuss how to 
mitigate environmental impacts and gain social acceptance. Water Catalogue Austria: 
measure mentioned in the RBMP 2009 to protect ecologically high valuable river stretches in 
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case of new hydropower development. Developed by the Ministry together with the federal 
countries and in cooperation with all relevant stakeholders (hydropower sector, NGO, 
scientists, fishery, …) it expresses the common understanding on rating the value of new 
hydropower projects regarding economy/energy management; effects of the hydropower 
project on other water management issues; ecological value of river stretches: 

o To be used as a decision support tool, for applying Art. 4.7. procedures (exemptions 
from non-deterioration principle), to balance conflicting interests, as basis for 
strategic planning on regional level 

o 133 measures realized by Austrian hydropower generators: 

▪ Creation of ecological connectivity (68%) 

▪ Increasing the residual water flow (13%) 

▪ Improving the natural habitat/morphology (19%) 

o Effective way to pass from conflict to solutions: 

▪ Smart solution = result of mutual acceptance and good cooperation 
between Authority, scientists, observers and stakeholders. 

▪ Sustainable and effective solution = long-term process with clear targets in a 
stable and respectful environment. 

▪ Prioritization in implementation = mitigation measures with high ecologic 
benefit and low economic impact. 

• Main environmental issues: 

o Sediment management 

o Upstream and downstream continuity 

o Hydropeaking 

• Hydropeaking mitigation: Due to the increasing generation from volatile windfarms and PV-
installations, storage and pumped storage power plants are used to dampen grid 
fluctuations more and more often to ensure grid stability and security of supply. As a 
consequence anthropogenic discharge alterations as a result. Need to understand: 

o How and to what extent do these discharge fluctuations affect the ecological 
functioning of a river? 

o What are the relevant hydrological parameters impacting biological response? 

o What is the role of morphological status and measures? 

o Balancing ecology, energy and climate policies’ targets? 

• SuREmMa project explored hydropeaking mitigation measures: 

o Reduce operation: reduce output and flexibility (up to 50%). If possible, retention 
basins or diversion power plants should be implemented as they have no influence 
on operational restrictions. 

o Mitigation measures for river morphology together with hydrologic measures is the 
best option. 
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o Operational restrictions for mitigation measures are contradictory in achieving the 
climate targets. 

• Methodology for mitigation measures: it allows to balance ecologic effects and macro-
economical effects 

2.4.7.2 Guido Mazzà (Italian National Committee on Large Dams) 

• Fish friendly solutions: 

o Upstream migration: Site dependent; well known and controlled for salmonids and 
amphihaline European species.  

o Downstream migration Fish behavioural barriers tested in controlled conditions but 
not efficient in situ; Insufficient knowledge on fish downstream flows and behaviour. 

o R&I priorities: 

▪ To meet the challenges of tomorrow’s fish migration in a context of climate 
change and exotic invasive species increase 

▪ Improve knowledge on downstream flows 

▪ Implement actions to monitor the effectiveness of the measures and 
develop relevant indicators 

• Sediment management: is mainly under control. 

o Fine sediment: Site-dependent; mechanical or dredging-dilution extraction are 
current, but expensive; the impacts on salmonids and other species remains very 
difficult to assess and imprecise. 

▪ Need for Innovative method of suction dredging; innovative resistant coat of 
turbine to turbine turbid waters; R&D studies to determine the impact of in 
situ SSM concentrations on fish behavior. 

o Gravel sediment: Where gravel sediment is missing due to dams, restoration of river 
morphology can be implemented by flushing and replenishment of sediment. 

• Water quality: Indicators and guidelines available for rivers; hydrodynamic and 
eutrophication models available for lakes and reservoirs; lack of biological indicators and/or 
functional indicators for reservoirs. Need for tools and methods to monitor reservoirs 
quality; better tools, monitoring methods and statistical analysis to assess HPP impacts in 
multi-stressed rivers/lakes; 

• Climate change: Ecosystems temperature trajectories modelled, but weak assessment of 
biological trajectories in reservoirs. Need for predictive models to alert or prevent 
cyanobacteria blooms in reservoirs. 

• eFlows (eQ): Different kind of available methods to assess eQ; guidelines available; not 
always adapted to Mediterranean; not always well concerted with stakeholders. 

o Need to develop methods to determine ecological flows in Mediterranean contexts; 
provide feedback on the implementation of ecological flows in European rivers 

• Hydropeaking: Available methods to assess the hydrological perturbation and to assess the 
stress on rivers; not pertinent for all types of rivers; lack of consensus on the assessment of 
ecological impact. 
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o Need to assess impacts on biological communities to identify appropriate mitigation 
measures 

• HPP Specific guidelines for avoidance and reduction of impacts under construction, 
exploitation and maintenance 

• Development of tools to set up appropriate mitigation measures on biodiversity, under 
climate change taking into account the HPP/rivers types 

2.4.7.3 Discussion 

• Hydropower implies global benefits, but has local impact: how to balance these two aspect?  

• The main way to solve these issues in an initial phase is communication with the civil society 
(in both directions). In a second phase it is important to negotiate benefits for both parts. 

• Authorities should be also involved in negotiations with stakeholders. R&D should also 
provide evidence and contributions. 

 

2.4.8 Mitigating the impact of global warming on hydropower generation 

2.4.8.1 Denis Aelbrecht (EDF – Hydro) 

• Uncertainties: GHG emissions associated to reservoirs 

• Benefit of hydro: 
o Overall reduction of GHG emissions 
o Dams and reservoirs as mitigation tools or responses to climate effects extreme 

floods, droughts and air temperature) 

• Hydropower functions challenged by climate change: 
o Generation and economic performance 

▪ Annual or seasonal generation output variability=> economic performance.  
▪ Opportunities of Hydro flexibility value to balance intermittency of wind/PV 
▪ Opportunities of new Hydropower storage in periglacial environment 

(projects in Switzerland: Trift glacier, …) 
o Dam Safety 

▪ Flood passage capacity 
▪ Structural behaviour; SCADA reliability 

o Environmental performance 
▪ Minimum flows requirements; Water quality (reservoir, downstream) 
▪ Sediment yield increase 

o Multi-purpose reservoirs: increase of priorities conflict 
▪ Balance between: Hydro generation; Irrigation; Water supply; Recreation& 

Water sports. It implies radical change in water use management. 
▪ Opportunities of new storage capacities 

• Economic performances: while changes in air temperature are quite certain, changes in 
precipitation are more uncertain and difficult to foresee (see slide 8). Needs to perform 
sensitivity analysis on each function (generation, safety, environmental function, etc.) to 
verify how the reservoir is affected by climate change. Impact assessment to evaluate the 
reference case under current climate conditions against alternative projected climate and 
hydrology, in order to adapt operating rules and physical configuration for each scenario 
(see ICOLD bulletin 169 - 2017). In doing these analysis, it is important to take some 
precautions (see slide 15). 
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• Flood risk: conclusions of existing analysis 
o Highly variable and uncertain depending on regions: 
o In high latitudes (northern hemisphere) with high Tº influence (snowpack, ice& 

glacier), floods should be +/- significantly increased 
o In medium and low latitudes: still very uncertain!! 

• Increase of extreme air Tº 
o Potential impact on structural behaviour of dams and other 

components/subfunctions important for safety (e.g. SCADA) 

• A smart innovation spillway upgrade tool: Piano-Key Weir (PKW)  
o Making dam safer and more resilient  
o 12 PK-weir realizations on existing dams at EDF-Hydro so far ! 

• Adaptation is required 
o Adapting to warmer conditions 
o Example : adaptation of Les Bois power station near Chamonix France  
o intake structure of glacier water moved backward according to Glacier retreat  

• World Bank guidelines : Climate Resilience for the Hydropower Sector 
o  Provide guidance to the Hydropower sector and financing institutions on how to 

handle climate risk in developing/managing Hydro assets 
o Published in IHA and ICOLD Congresses (2019) 

2.4.8.2 Alfredo Granados (Universidad Politécnica de Madrid - UPM) 

• Three main impacts of climate change on hydropower generation: 

o Larger floods due to change in rainfall pattern and snowmelt patterns. This poses 
threat to dam safety due to possible overtopping. Adaptation and mitigation 
measures include spillway adaptation, protection against overtopping, dam 
heightening, seasonal freeboard 

o Larger amounts of sediments and debris due to torrential rains. This can cause 
bottom outlets to get out of service and reduce spillway capacity, thus causing poor 
performance of the equipment. Adaptation and mitigation measures include 
catchment protection, detention and check dams, by-pass and bottom outlet, 
sediment management and spillway adaptation.  

o Increased variability of water resources can reduce reservoir yield. Adaptation 
measures include new dams, dam heightening, coordinated management and 
increased use of pumped storage. 

• Dams have an important role to provide balance between run off and demand of water. 

• Analysis of 5 scenarios done to assess future variability of water (see slides). Central and 
south Europe will be mostly affected. Coordinate use of reservoir and interconnection of 
basins can improve the situation. 

• Presentation of a study of the effect of climate change on Spanish reservoir (see slides). 
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2.5 Feedback on the Research and Innovation Agenda 

2.5.1 Introduction 

For the round table discussion on the draft of the Research and Innovation Agenda, the 

discussion was introduced by the following questions: 

• Do you agree with the proposed structure? Is it any other element you would include 

in the document? 

• Are the listed R&D needs relevant? Is the level of granularity appropriate? 

• Do you see any duplication among the listed R&I needs? 

• Do you agree with the groups of R&I needs? Would you group them differently? 

• Is it any relevant R&I need missing from the list? 

The answers from the round table were very general and were not as detailed as the 

questions. The answers reported in this subchapter 2.5 are a synthesis of elements from the 

round table, presentations and discussions. These elements, although general, made it 

possible to complete the drafts of RIA and SIR. 

2.5.2 Technologies enabling maximization and flexibility in power generation 

and storage  

Hybridization  

Research and innovation on hybridization could be one of the top priorities. For example, 

the first combination of wind and Pumped Storage power plant (16 MW from 3 Francis 

turbine) with lower reservoir and towers and bases of wind turbines (4*3,4 MW) as upper 

reservoir is an efficient and promising Hybrid solution for short term storage  at 

Naturstromspeicher Gaildorf (Germany) said Dr. Jürgen Schuol (Voith).  

 

Small hydro and small Pumped Storage Plant  

To increase hydropower generation, they are a few spaces with large reservoirs, we need to 

look small hydro and multipurpose projects (Miro TU delft). Small Pump Storage Plant is also 

an interesting possibility, particularly useful for islands. Prices of hydro stayed constant, for 

cost savings, it is important to work on standardization in machinery (Alberto Bullani from 

Mhylab) and to start thinking at modular hydro, new materials and 3D printing. For 

example, Streamdiver is a turbine module for hidden hydro or small hydro designed  for low 

operational and maintenance costs (Dr. Jürgen Schuol from Voith). 

 

Physical models 

Professor Avellan highlighted that reduced scale physical models are very helpful to predict 

and improve the performance of the turbines and develop numerical model for flexibility 

and fatigue. 
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2.5.3 Efficiency improvement and optimisation of operation of hydropower 

plants 

Key element of the future role in energy system is the need for the system to be more 

flexible and to provide reliable services to the grid. Strategy is to work on a more flexible 

unit; this imply digital disruption of industry to improve operation and maintenance and 

new procedures for assessing and development: unit to be customized, need for automated 

procedure to prototype - digital turbines, advance monitoring (Marco Pinelli  - Enel Green). 

 

Digitalization 

Priority is to enhance technology in existing power plants through digitalization. 

Digitalization shall provide flexibility, frequency variation of generating equipment and 

Hydro operational efficiency. Keys are monitoring, automation, remote control of machine. 

Now there are a lot of sensors but not framework to manage them in an integrated way. 

Marco Pinelli (Enel Green) highlighted a framework to perform this data analysis. Analysis 

stream includes performance, productibility, outages analyses and plant coordinator.  

• In performance analysis, efficiency curve is calculated for different ranges, 

algorithms detect deviation from reference standards and are aimed to find optimal 

unit’s combination during production process. The benefits of the performance 

analysis are recovery of standard efficiency, water usage minimization and 

generation maximization with available resource.  

• Productibility analysis includes firstly analysis of lost production thanks to on line 

monitoring and real time calculation of water spilled and related lost production for 

each plant and secondly analysis of current storage: daily calculation of the 

equivalent energy stored in each reservoir. The benefits of productibility analysis are 

the benefits are quantity reduction of waste water and resource value increase.  

• The outage analysis includes monitoring, advanced failure analysis and capacity 

availability optimization. Its benefits are reduction of failure rate and maximization 

of Capacity Availability. 

• Finally, a plant coordinator, conjunction of software and hardware allowing the 

hydro power plants to produce at the maximum efficiency, grasps additional value 

from operating asset using the results of data analysis. 

 

Pumped Storage Plants  

Pumped storage power plants deliver CO2-free flexibility in short, middle and long terms 

hereby and store enough energy to balance electricity supply and demand over hours, days 

and even seasons (Peter Matt, Vorarlberger Illwerke AG). For Alexander Schwery (General 

Electric Renewable), Pumped Storage Plant (PSP) is the solution not to waste wind and 

solar energy. He compared modern pumped storage with large scale storage (1000 MW and 

25 hm3 reservoir) with 84 000 containers of batteries. PSP with variable speed has the same 

reaction as batteries and same pressure in the hydraulic system. At Linthal PSP in 

Switzerland (1200 MW) primary frequency control could be confirmed in both turbine and 
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pump modes. Gottfried Gökler (Vorarlberger Illwerke AG, Austria) comparing PPS Obere Ill 

Lünersee PP group generation between 2012 and 2016 points out that flexibility demand 

trend is associated to an increase of positive and negative operating ranges, a decreasing 

number of calls and shorter generation times of each request. He shows that flexibility is 

significantly influenced by mode change times. Current PSP technology with hydraulic 

torque converter and hydraulic short circuit provides flexible operation that meets exactly 

the demand of the volatile energy market. However, there is a need of powerful 

transmission grid to implement new PSP projects.  

 

Virtual Power Plants 

Considering grid congestion and investment saving, sector coupling with SCADA and virtual 

power plants is a first cheap solution. 

 

Work Forces Management 

Marco Pinelli introduced Work Forces Management (WFM) as a full solution interfacing with 

SAP PM, PS, MM e HR to manage O&M process on field. The system allows to schedule and 

to optimize activities of O&M team resource joining with their skill profile.  

 

Capacity building 
Capacity building is also an issue (Miroslav Marence - IHE-Delft). 
 

Fernando Perán Montero (Iberdrola) put focus on HP role in regulating power in the grid. 

The first objective should be no more efficiency, but flexibility. We can reduce rate of energy 

produced if we get more flexibility (turbine that can be used from 0 to 100%). 

2.5.4 Performance and resilience of equipment  

Durability 

Flexibility should not influence life of equipment (Fernando Perán Montero (Iberdrola). Thus 

research on how flexible operations affect equipment is required to find the economical 

optimization between flexibility investment and cost of replacing equipment. 

 

Digitalization 

Production and O&M processes should be optimized with automation and robotization, 

digitalization of assets and O&M processes, connectivity and Internet of Things protected by 

Cyber Security and gathered with architecture of big data in Cloud infrastructures (Marco 

Pinelli). Marco Pinelli promoted a common unique and standardized Data Model for all 

hydro fleet aligned with the international IEC 61850 standard. 

Marco Pinelli highlighted Hydro Predictive maintenance based on edge computing. 

Specific equipments (turbine, generator...) are monitored with stand-alone sensors.  

The measurements are processed and compared to tags available in an edge router,  

thanks to an event stream processing model. This model has been trained on historical data, 

taken without events and faults to characterize the standard operation of the power plant. 
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Tags are defined from PCA analysis and classified as "normal" or "anomalous".  Only, when 

tags are anomalous, the router connects to external system to send the alert or alarm, with 

the aim to reduce data volume to send. 

 

2.5.5 Performance and resilience of infrastructures 

 

Infrastructures of hydropower projects include dams, spillways and bottom outlets, power 

houses, hydraulic circuits including intake and outlet structures. Performance means the 

good operation and functionality from structural, hydraulically and environmental point of 

views. Structural performance is checked by surveillance. Surveillance is in charge to detect 

behaviour anomalies which are indicators of not a full satisfactory performance and to 

prevent incidents and accidents. Resilience in general terms means “the quality of being 

able to return quickly to a previous good condition after problems”. Resilience of 

hydropower structures also means the capacity and adaptability to operate in new and 

diverse situations, many times adverse ones, different from those in which their designs 

were based. Structure ageing also requires resilience capacity (Domingos Silva Matos from 

EDP – Energias de Portugal). 

 

Evaluation of resilience of existing infrastructures (Ingo Ball WIP) and risk assessment of 

hydropower dams (Miroslav Marence from IHE Delft) are two crucial topics. Both are based 

on surveillance data. Surveillance data, hazard detection and structural analysis have to be 

processed and improved by Artificial Intelligence and machine learning (Miroslav Marence 

from IHE Delft). The purpose of research and innovation in infrastructure resilience is a to 

ensure a reliable and enhance safety implementing the new opportunities of digitalization 

and data mining. The value is the upgrading of the hydropower safety (Domingos Silva 

Matos). The application is all large infrastructures (dams, spillways, waterways…). The main 

fields of innovation implementation are remote sensing, GIS platform and Computational 

intelligence. 

 

• Remote sensing  

Remote sensing is the acquisition of information about an object or phenomenon 

without making physical contact (satellite, drone). InSAR technique, based on phase 

changes in successive satellite images for calculating very precise deformation rates 

(Miroslav Marence from IHE Delft) and topographic LIDAR surveys, aerial 

photogrammetry from drone, digital bathymetry (Marco Pinelli) for 3D mapping 

could give an overview of the infrastructure performance.  

 

• GIS platform  

The data measured by remote sensing can be edited in a Geographical Information 

System (GIS) portal. This centralized common geographical platform (GIS) should be 

interconnected with all relevant systems to include all data related to hydro 
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infrastructures (civil infrastructure safety, water resource, basins monitoring & 

control) allowing global analysis. 

 

• Computational intelligence  

The comparison between measured deformations (by remote sensing) and 

calculated by computational intelligence technique could detect unexpected values 

in infrastructure surveillance. Miroslav Marence from IHE Delft gave some examples 

of arch dam surveillance. Deformation prediction model are based on data driven 

model (temperature and water load) and FEM model. The implementation of this 

kind of numerical in-time prediction could be used for deformation forecast (up to 

15-30 days) as well.  

 

Dams resilience to earthquakes 

The purpose is the assessment of dam safety and power plant operability after strong 

motion earthquakes in Europe. Most of the existing dams built more than 50 years ago were 

designed using pseudo-dynamic methods and obsolete criteria, thus it is highly advisable to 

re-evaluate their seismic safety. The values shall be strengthening of downstream 

population protection against worst seismic actions, avoidance of black out and support to 

future EC Legislation. The application shall be for seismic zones of Europe (Southern Europe) 

and for the worldwide engineering companies and for regulatory entities/agencies. The 

degree of uptake is medium. The relevant issues for research are (Domingos Silva Matos 

from EDP): 

• Enhance developments in structural analysis of the system dam-reservoir-foundation 

assessing the safety evaluation of existing dams, appurtenant structures and 

relevant hydro/electro mechanical components, using updated criteria and 

methodologies. 

• Calibration of dynamic analyses methods, which allow the calculation of the inelastic 

seismic response of embankment and concrete dams, are now available. However 

their results should be verified with observed data on dams of various types, which 

have already been subjected to intense earthquakes, with high magnitudes (M≥6) 

and with epicentres at relatively short distances of the dam site.  

• Methods of evaluation of seismic multiple hazards associated to rockfalls, landslides, 

ground settlements, liquefaction an others, should be considered. 

• Implementation of innovative seismic monitoring systems. 

 

Concrete expansion of dams 

The goal is the full understanding of a severe concrete pathology and the management of its 

effects. Most usual expansions reactions are Alkali-Aggregate Reactions (AAR), alkali-silica 

reactions (ASR), Internal Sulphate Attack (ISA) and Delayed Ettringite Formation (DEF). Their 

effects are severe cracking and mechanical degradation properties, irreversible 

displacements, movements causing spillways gates to be blocked among others, which may 

endanger dam safety. Concrete swelling phenomena, associated in particular with the 
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Alkali-Aggregate reactions, represents the major worldwide problem affecting concrete 

dams (around 20% of the global dam portfolio) and structures of hydropower projects. The 

degree of uptake is medium. Relevant issues for research are (Domingos Silva Matos from 

EDP): 

• Support to investigations leading to increase the understanding of the mechanisms 

of the phenomena and prediction of its development  

• Improvement of numerical models to evaluate the dam safety and the dam 

behaviour under expansion development. 

• Implementation of adequate monitoring systems. 

 

2.5.6 Developing emerging Hydro marine energy solutions 

Tidal power plants 

Energy devices from tidal current (a lot of concepts with rotating or oscillating devices were 

tested in UK) and wave energy devices were just mentioned by Peter Stettner from Andritz. 

The focus was on tidal range. The Lake Sihwa in operation since August 2011 and the project 

of Swansea Bay were presented. The available possible global potential for generation is 

estimated with more than 150 TWh. The most important problem is the cost of the works 

(dykes) in marine environment. 

 

Sea water pumped storage plants 

Okinawa Yanbaru Seawater Pumped Storage Power Station was the world’s first pumped-

storage facility to use seawater. The plant in operation in 1999 was dismantled in 2016 

because this demonstrator was not profitable. The maximum output was 30 MW, thanks to 

maximum flow of 26 m³/s and 136 m head between the sea as lower reservoir and 

excavated upper reservoir.  The use of sea water required inner surface covered with an 

impermeable liner to prevent seawater from leaking and damaging the surrounding 

vegetation, fibre-reinforced plastic tubes for the penstock and the tailrace in order to avoid 

seawater corrosion and adhesion of barnacles and pump turbine partially made of stainless 

steel. A 225 megawatt (MW) pumped hydro energy storage project using seawater near 

Port Augusta in South Australia is currently studied at Cultana. 

Other innovative technologies and new pumping storage projects could be developed: 

• The seawater hydro batteries with underground caverns as a lower reservoir and 

using the sea or lakes as upper reservoir coupled with wind turbines and built with 

standardized types and sizes for cost reduction. 

• Integrated Pumped Hydro Reverse Osmosis System (IPHROS) providing energy and 

drinking water thanks to desalination process based on high water pressure and 

osmotic membranes. 

• Low Head Concepts: Energy Island (Netherlands 2008) Energy atoll (Belgium 2013).  
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2.5.7 Environmental-friendly solutions and social acceptance 

Environmental issues are central (Staffan Lundström from Lulea University).  
 

Equipment with minimum environmental impact have to be developed. Dr. Jürgen Schuol 

showed examples of specific environmentally-friendly solution for turbines: 

• Oil-free solutions like oil free hub 

• Minimum Gap Runner improve fish survivability 

• Water quality enhancement with aerating hollow runner blades 

• Submerged oil-free power unit and completely oil-free plant for canals, weirs, locks 

and run-of-river old plants, with low civil impact for low visual and noise impact. 

Marco Pinelli (Enel Green) confirmed that for sustainability, power plants need to be 

more integrated with the landscape, to have a lower impact. 
 

Fish Friendly projects 

Upstream migration is site dependent. It is well known and controlled for salmonids and 

amphihaline European species. For downstream migration fish behavioral barriers, tested in 

controlled conditions, are not enough efficient in situ and need to be improved. Research is 

needed to improve knowledge on fish downstream flows and behavior (Guido Mazza – 

ITCOLD). 
 

Sediment management 

Where gravel sediments are missing downstream the dams, restoration of river morphology 

can be implemented by flushing. Fine sediment site dependent. Mechanical and dredging-

dilution extractions are current but expensive (Guido Mazza – ITCOLD). Relevant issues for 

research are:  

• Better knowledge of impacts of in situ SSM concentrations on salmonids and other 

species, which currently remain very difficult to assess and imprecise; 

• Innovative method of suction dredging;  

• Innovative resistant coat of turbine to spill turbid waters. 
 

Water quality 

Indicators and guidelines are available for rivers. Hydrodynamic and eutrophication models 

are available for lakes and reservoirs (Guido Mazza – ITCOLD). Two relevant issues for 

research are: 

• Lack of biological indicators  

• Lack of functional indicators for reservoirs. 
 

Environmental flow  

Different kind methods are available to assess environmental flow Eq. Guidelines are 

available; however they are not always adapted to Mediterranean climate and not always 
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well concerted with stakeholders (Guido Mazza – ITCOLD). Thus two issues for research are 

relevant: 

• Development of methods to determine ecological flows in Mediterranean contexts;  

• Provide feedback on the implementation of ecological flows in European rivers. 

 

Hydropeaking 

Some methods are available to assess the hydrological perturbation and to assess the stress 

on rivers. However, they are not pertinent for all types of rivers; there is a lack of consensus 

on the assessment of ecological impact (Guido Mazza – ITCOLD). Consequently the issue for 

research is: 

• Assessing impacts on biological communities to identify appropriate mitigation 

measures. 
 

Biodiversity 

The WFD principle "no net loss" is the rule and guidelines on mitigation hierarchy are 

applied (Guido Mazza – ITCOLD). Two main issues for R&D are relevant. 

• to elaborate hydropower specific guidelines for avoidance and reduction of impacts 

under construction, operation and maintenance. 

• Development of tools to set up appropriate mitigation measures on biodiversity, 

under climate change taking into account the HPP/rivers types. 
 

2.5.8 Mitigating the impact of global warming on hydropower generation 

Challenges and opportunities 

The main impacts of the global warming on the hydropower –dam-reservoir system are on 

average flow regimes, extreme floods, extreme droughts and air T° and on water uses and 

related risks. Several main hydropower functions are challenged by climate change: 

generation capacity will be reduced in Southern Europe, generation variability will increase, 

dam safety will face more extreme floods and environment will be stressed by lower quality 

of water and higher sediment deposits. Conflicts between water users in multipurpose 

reservoirs will increase (Example of Garonne river prediction in 2030 concludes to a loss of 

generation of 30% due to priority to irrigation). Finally, could the performance of 

hydropower be reduced by one third in 30 to 50 years in the Southern Europe? On the other 

hand, this climate change offers some opportunities to Hydropower. Precipitations will 

increase in the highest latitudes. Hydropower contributes to the reduction of GHG emission 

provided by this resource in Europe (this is not true for GHG emissions associated to large 

reservoirs in tropical climate). The demand of Hydro flexibility to balance intermittency of 

wind/PV will increase. Glacier melting brings new Hydropower storage in periglacial 

environment (projects in Switzerland: Trift glacier, …). Dams and reservoirs can be used as 

mitigation tools or responses to climate change.  The need for new multi-purpose reservoirs 

will increase (Denis Aelbrecht EDF Hydro).  
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Climate impact assessment methods are not fully reliable and require careful attention. 

Several methods and scenarios must be studied and compared. Guidelines provided by 

World Bank and EBRD, in cooperation with IHA are helpful to the Hydropower sector and 

financing institutions on how to handle climate risk in developing/managing Hydro assets 

(ICOLD, IHA 2019). Other references can be found in ICOLD Bulletin 169 (2017) and on 

www.ipcc.ch/report/ar5/ from WG I : update climate science and future climate projections 

scenarios; WG II : impacts assessment; WG III : mitigation and adaptation.  

 

The role of reservoir for regulating storage with climate change 

Alfredo Granados showed the results of a prospective survey involving 1260 sub-basins in 

Europe. Firstly there is a tremendous range of results. Historical data and long term 

prevision show that on one hand there is no problem of water availability in the North of 

Europe, on the other hand there will be some local crucial situation in central and Southern 

part of Europe. Adaptation measures and improved water management will be required. 

The large reservoirs have a positive impact and reduce the climatic susceptibility: example 

of the response of Spanish reservoirs to climatic change based shows that the sensitivity 

index, which is the ratio of variation of water availability on variation of water flow  is below 

1,0 and increases with the ratio of storage volume on mean flow up to 1, when the ratio of 

storage volume is three times the mean flow with Cedex climatic projections. But higher 

than 1.0 for Prudence projections, it is strongly dependent of the type of projection. Data on 

the Southern Europe reservoirs show that lower are the rainfalls and the mean annual flow 

on area and larger is the ratio of storage on mean annual flow. It is linked to the fact that 

lower is the mean annual flow, larger is the standard deviation of the rainfalls: the variability 

increase with the scarcity of rainfalls. Finally variability of sensitivity index is reduced for 

larger reservoir storage; it means that reservoir storage attenuates the effects of climate 

change on availability. 

 

Recalibration of design floods and overtopping of dams 

The main purpose is the assessment of existing spillways capacity, considering impact of 

climate change on flood routing and overtopping acceptance. This purpose includes the 

selection of the most adequate methods for flood estimation in a context of the Global 

Warming, the check of the design criteria (Design and Check Floods) considering the 

associated events and verification of guidelines consistency adopted in the several European 

countries in these issues. The values are firstly to ensure downstream population protection 

concerning flood effects, secondly to support a future EC Legislation and thirdly to increase 

reservoir flexibility exploitation minimizing losses of energy production. The application 

concerns not only all the dams in Europe but the worldwide consultancy services as well. 

It raises awareness of dam´s owners and of regulatory entities/agencies. The degree of 

uptake is high. Relevant issues for research are (Domingos Silva Matos (EDP – Energias de 

Portugal): 

http://www.ipcc.ch/report/ar5/
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• The update and improvement of current numerical models (statistical and rainfall-

runoff models) for flood estimation should be based on larger hydrological series 

(data base) and on a European weather forecast model of Climate change. 

• Innovation to find the most reliable and economical solutions of (1) recalibration of 

spillways and (2) dam protection against scour and erosion should overtopping occur 

(need of structural measures or non-structural measures).  

 

To meet the challenges of tomorrow’s climate change, research is needed on several 

environmental aspects (Guido Mazza – ITCOLD): 

 

Fish migration in a context of exotic invasive species increase 

• to improve knowledge on downstream flows 

• to implement actions to monitor the effectiveness of the measures and develop 

relevant indicators. 

Water quality in reservoirs 

• Better tools and methods to monitor reservoirs quality; 

• Monitoring methods and statistical analysis to assess HPP impacts in multi-stressed 

rivers and lakes;  

• Predictive models to alert or prevent cyanobacteria blooms in reservoirs. 

• Ecosystems temperature trajectories modeled, but weak assessment of biological 

trajectories in reservoirs. 

2.6 Feedback on the Strategic Industry Roadmap 

2.6.1 Introduction 

 

There are three major barriers to be overcome for the wide hydro deployment of all sizes of 

hydropower: 

1. Significant opposition to new hydropower schemes. There is a gap between the 

involved parties. 

2. Environmental issues related to water bodies becoming a significant concern (EC, 

2011). 

3. Concerns of investors financing hydropower including pumped storage.  

The purpose of the round table was to discuss ways to overcome these obstacles. During 

the discussion, it appeared that for many experts, the distinction between RIA and TR was 

unclear. After clarification, it was decided to change the name from Technology Roadmap to 

Strategic Industry Roadmap. From the Strategic Industry Roadmap half-round-table on the 

13th of March 2019, six themes emerged from the discussions, which are reported below. 
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2.6.2 Societal acceptance 

Support to sustainable development of local communities 

Marco PINELLI showed that following example of ENEL Green, operators should engage with 

local communities to achieve a large number of targets of the sustainable development 

goals (SDG of UNDESA) like: 

• G04 quality education: high-quality, inclusive and fair education 

• G07 affordable and clean energy: increasing access 

• G08 Decent work and economic growth: employment and sustainable and inclusive 

economic growth 

• G13 Climate action: Reduction of CO2 specific emissions 

• G09 Industry, Innovation and Infrastructure: Installation of Charging points 

• G11 Sustainable cities and communities: Installation of Smart meters 

He gave an overview of some sectorial best practices:  

• Water quality: Kaplan repowering with oil free conversion, oil free bearings in hydro 

turbines, sustainable water treatment plant. 

• People: fishing nets around transformers for wildlife protection, sustainable tourism, 

sustainable maintenance for operational excellence, agriculture high income project. 

• Emission reduction: electric vehicles, electric equipment, SF6 Free Circuit breaker, 

LED lighting, ... 

• Waste reduction: sediment reuse, river debris reuse and recycling, retrofit of high 

pressure filter pump discharge of hydraulic unit, bio-circle parts washer. 

 

Multipurpose projects 

Multipurpose projects help to get communities on board (Ana Paula from EDP). Professor 

Staffan Lundström, and Guido Mazza highlight that hydropower must be perceived to be 

using water, and the services that come from it, in an efficient way. Pinellli wants to reduce 

the landscaping impact of power plants.  

 

Balancing between EU environment targets and Climate targets 

A report of Technical University Graz (Prof. Stigler, 2005) “Economic and ecologic evaluation 

of potential impacts of the Water Framework  Directive (WFD) on development and use of 

hydropower plants” concluded that 

Following WFD, ecological flow could cost up to 7% loss of generation (up to annual 2.9 

TWh) and mitigating hydropeaking could cost up to 85% loss of flexible capacity without 

taking structural measures like compensation basins. It meant that valuable storage plants 

would become “run-of-river” and alternative investments, e.g. thermal power plants would 

become necessary. Fortunately, this situation did not occur, but it showed how the WFD 

was perceived as "gravedigger” of hydropower by the hydropower sector.  

The  Water  Framework  Directive  (WFD)  established  a  framework  for  sustainable  water  

management  through  the  development  of  River  Basin  Management  Plans  (RBMPs)  

and  Programmes  of  Measures  (PoMs) in 2009. In Austria Peter Matt from Vorarlberger 
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Illwerke AG reported that the National Water Management plan (2009) was the PoM 

providing decision support tool for applying Art. 4.7. procedures (exemptions from non-

deterioration principle), to balance conflicting interests and as basis for strategic planning 

on regional level. In 2012, the Water Catalogue Austria developed by the Ministry together 

with the federal countries and in cooperation with all relevant stakeholders (hydropower 

sector, NGO, scientists, fishery, …) expressed the common understanding on rating the 

value of new hydropower projects regarding economy/energy management, the effects of 

the hydropower project on other water management issues and the ecological value of river 

stretches. During the implementation period, from 2009 to 2015, 133 measures were 

implemented by hydropower operators: 68% for ecological connectivity, 19% for improving 

the natural habitat/morphology and 13% for ecological flow. The total investments budget 

was 190 millions € and the yearly generation loss has been 160 GWh/y. 

The lessons learn from conflicts to solutions so far were: 

• Smart solution is the result of mutual acceptance and good cooperation between 

authority, scientists, observers and stakeholders. 

• Sustainable and effective solution comes from long-term process with clear targets 

in a stable and respectful environment. 

• Prioritization in implementation favours mitigation measures with high ecologic 

benefit and low economic impact. 

• Unique ecologic circumstances need tailor-made measures based on R&D for fact-

finding and profound scientific evidence leading to balanced solutions analyzed and 

discussed from the feasibility studies up to implementation. 

• The WFD is a framework from which balanced solutions between mitigating aquatic 

impacts and meeting the European climate targets have to found. It means no 

significant impact shall be on use. 

Off the three environmental challenges are hydropeaking, continuity and sediment 

management, Peter Matt from Vorarlberger Illwerke AG presented an example of 

hydropeaking. In that case study, the main addressed questions are: 

• How and to what extent do these discharge fluctuations affect the ecological 

functioning of a river? 

• What are the relevant hydrological parameters impacting biological response? 

• What is the role of morphological status and measures balancing ecology, energy 

and climate policies’ targets? 

• What are possible hydropeaking mitigation measures? 

• What are their impacts on security of supply and the climate protection targets? 

The highest ecological improvement is often required by a lot of stakeholders and means 

hydrologic measures together with morphologic rehabilitation (example of River III in 

Vorarlberg). The morphological structures and the accessibility of tributaries were in bad 

conditions in many areas, they were improved. There was impact of flood protection, the 

morphological structure was improved. There was impact of hydropeaking, adequate 

ecological flow was implemented. No or less negative impact on use and wider environment 

was done. Hydrologic rehabilitation with operational restrictions would cause losses of 
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flexibility up to 50 %. Operational restrictions for mitigation measures are contradictory in 

achieving the climate targets. In conclusion mitigation by structural measures can be among 

others the implementation of retention i.e. compensation basins or diversion power plants 

as they prevent operational restrictions. 

 
Figure 6 SWOT analysis for selection of environmental impact mitigation 

 

2.6.3 Stakeholders consultation, dissemination and communication 

 

Transparency is absolutely important. Bring together also stakeholders from the other side. 

Create fair and transparent communication with them (Ingo Ball – WIP). Jürgen Schuol 

insisted for involving communities from the start with hydropower projects.   

The European ICOLD Club launches the MANIFESTO with the aim of promoting an honest 

and transparent public debate which will hopefully facilitate actions to raise awareness of 

European policy to support the role of reservoirs and dams for water supply, irrigation and 

energy generation, providing an effective contribution to climate change adaptation, 

preserving the environment, and increasing societal resilience (Guido Mazza ITCOLD). 

 

Dissemination of Hydropower as the best solution for flexibility and stability; Hydro 

increases the safety and the resilience of the network under extreme conditions (Alexander 

Schwery). 

 

We have to be careful with communication: we do not have to import problems resulting 

from bad practices abroad. For instance, do not refer to dam failures caused by poor design, 

or fish mortality due to a lack of environmental studies. (G. Conrad).  
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Common assessment of services and impacts at regional scale 

The Italian committee on large dams (ITCOLD) since 2014 holds a regional workshop every 

year in a view of confrontation of dam owners’ pro-activity versus stakeholders’ 

perception on the social, economic and environmental role of dams and on the relation 

between dams and territory (Guido Mazza from IRCOLD). Positions of about 60 dams were 

examined. The main goal was to strengthen the exchanges between all the stakeholders in a 

view to have better dam uses for a better world. The pro-activity of dam owners has been 

highlighted by means of an enquiry, covering three macro-fields: 

• 1 Environmental management actions. 

• 2 Promotion of local development. 

• 3 Transfer of resources to the host territory (water and/or money). 

The main aspects of perception of stakeholders are: 

• Management of water resources closely linked to the development of the local 

economy 

• Activating comparison tables and identifying forms of compensation for negative 

externalities 

• Promotion of stakeholders participation in design, construction and operation 

phases 

• Adopt strategies and investments to ensure the availability of water resources in 

consideration of climate change and demand trends 

• Compare and value Hydropower versus other power sources as regard to water 

footprint criteria or to ecosystem services. 

• Monitoring of the status of the water body and management plans 

• Safety of dams versus earthquakes 

• Mitigation of floods and needs during periods of water deficit 

• Urgency for maintenance and sediment management 

• Greater attention to the phenomena of hydropeaking and thermopeaking 

 

This Italian initiative deserves to be promoted in Europe, as it improves dialogue between 

stakeholders and strengthens the legitimacy of dams and Hydropower in the reality of their 

territories. 

 

Collection and dissemination of good case studies  

In early summer 2014, the "Gorona del Viento" hydroelectric power plant, combined with 

wind turbines, was inaugurated. in the Canary Islands, which fully ensures its electrical self-

sufficiency from renewable energies. Recognized as a Biosphere Reserve by UNESCO since 

2000, this volcanic island is now cited as an example, more than 15 years after starting this 

project. The latter will have required an investment of nearly 80 million euros jointly 

provided by IDAE, the Spanish Environmental Agency, the public company Gorona del 

Viento, the producer Endesa (Enel Group) and the Canary Islands Institute of Technology. It 

is estimated that the plant will be amortized from 2040 onwards.  
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2.6.4 Sustainability 

 

Plant owners in Greece break the rules and hydropower, if it converts a river in a valley to 

deep lake has significant impact. We must focus on sustainability in the international market, 

not just the European one: Hydro is an export technology (Peter Stettner – Andritz Hydro).  

 

2.6.5 New revenue stream: grid services 

 

Professor Avellan said that hydro needs to supply grid services to compete with gas turbines, 

i.e. a source of flexibility for balancing power (Professor Staffan Lundström,). Markets need 

to recognise and reward hydropower’s services (Denis Aelbrecht EDF Hydro). Hydropower 

provides affordable and market-based energy services, helping the EU with its aim for 

secure, clean and efficient energy (Peter Stettner – Andritz Hydro). We need long-term price 

signals to get investment in hydropower (Peter Stettner – Andritz Hydro and Ana Paula EDP). 

 

2.6.6 Regulation 

 

ENEL Guido Mazza, speaking on behalf of ITCOLD-Italy minded about how to harmonise 

regulations across EU, e.g. interpretations of WFD and concessions regimes. 

 

2.6.7 Innovation: digitisation for a better value 

 

Marco Pinelli (ENEL Green) wants cheap sensors deployed on hydro equipment and tools to 

trawl the data to detect patterns with an economic value. An advance monitoring of 

machines should be the aim (Prof. Avellan EPFL). And sensors should be deployed on dams, 

too (Pinelli, Marence, Silva Matos). Most dams are getting old and their safety needs to be 

surveyed, too (Silva Matos EDP). 

 

2.7 Feedback on Further Expert Consultation 

For basis of the discussion of the methodology on further expert consultation, i.e. the 

formation of the consultation expert panel as well as the methodology of research topic 

prioritization, a short overview of the current methodology was presented by Mario 

Bachhiesl (VGB) that included the expert feedback from the prior shared documents (“R&I 

needs and prioritisation process (survey)”). 
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2.7.1 Formation of the Consultation Expert Panel 

 

To help ensure that the RIA items are identified correctly, and appropriately detailed, 

specific technical and environmental experts will be used to provide draft text contributions. 

These experts have been identified from initial research priority analyses performed by the 

consortium partners and will belong to the CEP, the Consultation Experts Panel, drawn from 

the consortium linked third parties as well as other organisations. These experts will bring 

an appropriate level of understanding of market, environmental and technological problems, 

allowing the consortium partners to then integrate and prioritise a wide range of issues into 

the overall RIA and SIR. 

The proposed method of formation for the CEP presented included three steps: 

1. Deciding of stakeholder groups 

2. Self-nomination of members for the CEP for the different stakeholder groups via the 

projects consultation platform 

3. Selection of the CEP based on their background and qualification by the HPE core 

team with ideally approximately 2-4 experts from each stakeholder group. 

The aim was to find 25 representatives of the whole hydropower community with a wide 

range of technical, economic, environmental, legal and social knowledge. 

The proposed stakeholder groups included (Figure 7): 

• Technology suppliers (Hydropower equipment suppliers and manufacturers) 

• Operators of large hydropower plants 

• Operators of small hydropower plants 

• Operators of pumped storage power plants 

• Consultants and project developers 

• Financial & developing institutions (Development, public or commercial banks, 

financial organisations, and private investors/investment funds, international 

monetary fund) 

• R&D institutions (Research centres and institutes of universities.) 

• Environmental and social NGOs (Environment or conservation organisations, social 

impacts, project affected communities, and indigenous peoples‘organisations.) 
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Figure 7 Proposed stakeholder groups 

 

The overall proposed method for the formation of the consultation expert panel was 

generally agreed to be reasonable. While some of stakeholder groups were not represented 

at the first expert meeting, it was emphasized that they should be part of the CEP, such as 

environmental and social NGOs. It was seen important that experts from e.g. NGOs and 

operators discuss jointly. Additionally, it was recommended to merge the different 

operators (large hydropower, pumped storage plants, small hydropower) into one 

stakeholder group. It was pointed out to ensure that additionally to the different 

stakeholder groups, it should be taken care to include at least one representative of each 

region at which the three regional workshops of the project take place (Alpine, 

Mediterranean, Nordic) should be presented in the CEP since different topics might be of 

higher or lower interest in the different regions. It was agreed that people presenting 

different groups in one person are favourable members of the consultation expert panel. 

The growing consultation platform was considered to be ideal for the plotting of already 

registered stakeholder groups and to allow illustrating the lacking stakeholder groups that 

then can be contacted more intensively to register on the platform through the partner 

networks. Here the project partners encouraged all present experts to invite their network 

to register on the consultation platform. 

 

2.7.2 Methodology for Research Topic Prioritization 

 

Since the objective of the HPE project is to define the RIA and SIR priorities in order to guide 

funding authorities to provide support where it is most needed to help the sector to adapt 

to the constantly evolving energy system, while financial resources are limited, it is of 

utmost importance to prioritise research and innovation topics. Moreover, some issues are 
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more urgent than others and R&I addressing these issues should be given priority. The aim 

of the prioritisation process is therefore to support decision-makers and investors in 

deciding how to allocate resources for R&I spending.  

Prioritising of the R&I topics means to rank them according to predetermined criteria. Each 

topic will receive a “priority score” which is the product of its weighting and performance 

score against specific criteria. 

The prioritisation will be done by the Consultation Expert Panel (CEP) on the basis of the 

outputs of the stakeholder consultation, which was planned to take place between March 

2019 and October 2019.  

The prioritisation of research and innovation topics will occur transparently, taking into 

consideration broad set of techno-economic, socio-political and environmental criteria. This 

task involves considering the full range of research topics and scoring them against a set of 

predefined cross-cutting criteria. For this purpose, a score matrix is proposed and the 

resulting prioritisation will be highly dependent upon experts’ opinion (scoring) on the 

criteria included in the matrix. 

The process of evaluating R&I priorities should be based on the following underlying 

principles: 

• R&I priority should be driven by knowledge gaps and innovation needs, rather than 

existing research capacity; 

• R&I should not be limited to technology, but extend to economic, social and 

environmental issues; 

• R&I should fit the strategic vision for the EU’s energy system and EU industrial 

competitiveness; 

• R&I outcomes should generate enough value to offset research investments. 

The R&I topics that will emerge from the wider stakeholder consultations could be scored 

by the CEP experts according to a proposed score matrix (see Figure 8 Proposed score 

matrix for discussion). The criteria listed in the matrix and their relative weight are 

illustrative. It is the responsibility of the Consultation Expert Panel to agree on the criteria 

and weighting. 

 

 
Figure 8 Proposed score matrix for discussion 
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The result in each criterion varies in order to reflect the different weight and relative 

importance attributed to each criterion: it is calculated by multiplying the score for the 

weight assigned to the criterion (a fraction of 1). 

Finally, all scores are summed into a total score and the R&I priorities can be ranked 

according to their score. 

In order to foster experts to set clear priorities, it might be decided to assign each expert a 

maximum total amount of points. 

The process of research topic prioritization with one matrix was seen by the experts as a 

complex task to consider all feedback. While the proposed method was seen as appropriate 

in general, it was seen as difficult to decide on all criteria at the moment. It was proposed to 

see at first what the stakeholders expect from hydropower after the wider consultation to 

then see where are the links and from that form the criteria. However, a few criteria were 

agreed to be of great importance, including time schedule (short term effort vs. long term 

efforts before deployment), who does the topics apply to and impact/risk vs benefit. While 

urgency was seen as very dependent of on area (e.g. east vs northern countries) it was also 

agreed as an important criterion. Additionally, the criteria should be better linked to the 

extent of contribution to the main targets of the EU climate and energy policies (secure, 

resilient and reliable supply; protected environment; affordable and market based energy 

services) and oriented towards Horizon2020. 

For the currently proposed method it was also recommended that a lower ranking result of 

specific R&I topic should not mean that it was completely dropped or supposed to be 

postponed. Here, it was agreed that the RIA should be a “living” document, subject to 

revision after a certain period.  

For the scoring, it should be clearly defined what reason lays behind each scoring value. 

It was also proposed to consider the possibility to use different lists of priorities for different 

areas e.g. environmental issues compared to other issues and therefore have 3-4 lists to 

each main RIA chapter. 
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3 Feedback from ETIP SNET workshop 

3.1 The ETIP SNET workshop  

In Brussels, on the same date that the First Expert meeting, 14 March 2019, The European 

Technology and Innovation Platform for Smart Networks in Energy Transition (ETIP SNET) 

held a workshop to discuss the achievements and challenges of the integration of the 

electricity networks with other energy carriers (gas, heating, cooling, water, transport etc.) 

and how to enhance the synergies between them in view of an overall optimisation and an 

acceleration of the decarbonisation process. It was an opportunity to understand what will 

be the opportunities to accelerate the flexibility and storage provided by hydropower to the 

new energy system and decarbonisation. Consequently, ICOLD attended on the behalf of 

HPE. 

 

Some EERA Programmes established a structured dialogue with government bodies 

(ministries, funding agencies, and other public research organizations) to communicate 

findings, activities and future research needs. They support regulators in order to promote a 

regulatory framework that encourages fair market access and efficient coordination 

amongst the different market players. 

 

Michele de Nigris (SRW) introduced the main players of the European RD&I value chain. 

They are listed in Appendix C.  

3.2 IEA energy innovation analysis 

Simone Landolina, from International Energy Association, drew up the IEA energy 

innovation analysis. Several of the information and figures presented in this presentation 

could be integrated and complement the current status of hydropower state-of-the-art 

report.  

 

It was pointed out that after remaining flat over three years, global CO2 emission rose again 

in 2017 to an all-time high (Figure 9). 
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Figure 9 The global energy-related CO2 emission have increased in 2017 & 2018 (IEA 2019) 

European demand was about 20% of the global energy demand before 2000 and will be half 

in 2040 (10%): Europe's contribution to decarbonisation will be far from sufficient to reduce 

global warming but could be an example to follow. The efforts should be focused on the 

electric sector, which accounts for almost twice as many emissions as its share in 

consumption due to its carbon intensity. A wide variety of technology for improving 

efficiency (44% of CO2 emission reduction) and a large deployment of renewable energies 

(44% of CO2 emission reduction) are necessary to meet sustainability goals (Figure 10). 

 
Figure 10 Expected positive impact of efficiency and renewables on global CO2 emission (IEA) 

Among renewable energies, hydropower installed capacity will have an important 

development worldwide and more than doubles in 2040 (Figure 4). In the same time, in the 

Sustainable Development Scenario, solar PV will become the largest source of installed 

capacity. The hydropower and solar development will be significantly lower in Europe. In 

Europe, wind is expected to become the largest source of installed capacity, ahead of 

hydropower and far ahead of solar energy (Figure 11). Wind electricity generation in the EU 

more than triples to 1100 TWh/year by 2040.  
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Figure 11 Global installed capacity of hydropower will be in 2040 twice the 2010 one (IAE) 

 
Figure 12 Share of electricity generation by source in the European Union 2017-2040 

The rapid increase of variable renewable requires new approaches to system integration. 

The increasing shares of variable renewable energies raise the current and crucial flexibility 

needs up to 2030, and call for reform to deliver investment in storage operating after 2040.  

 
Figure 13 Impact of variable renewables share of generation in the energy system (IEA) 

 

Phases of integration in the New Policies Scenario include power plants refurbishment, 

smarter grids & energy storage and unlock demand side response.  

• Making the demand flexible in residential sector, transport and industry could 

provide 185 GW of flexibility and avoid 270 billion of investment in new electricity 

infrastructure. For instance one billion of households and eleven billion smart 

appliances could actively participate in the interconnected flexibility systems. 
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• Smart charging of electric vehicles would provide further flexibility to the grid saving 

between USD 100-250 billion investment in new electricity infrastructure. 

• Digitalization can help integrate variable renewable energies by enabling grids to 

better match energy demand to times and store the generation surplus. 

 

Innovation is crucial to sustainable energy transitions. Innovation has already yielded 

solutions, but needs support and guidance to deliver on its promises. Experts in the IEA have 

identified over 100 gaps across 38 areas. Clean energy investment is on the rise: the total 

public spending on R&D for low carbon technologies rose 13% to USD 22 billion in 2017 

(Figure 14) after several years of stagnation, however this is just 0,1% of public spending in 

major countries. 

 

 
Figure 14 Total public spending on low-carbon energy technology RD&D (in billion USD) 

 

 
Figure 15 Corporate investments in new energy technology companies, by sector of investing 
company 

 

Companies invest more in energy tech start-ups, led by ICT sector: corporate venture capital 

and growth equity for energy tech start-ups reached USD 6 billion in 2017 (Figure 15): 

companies are taking strategic positions in a changing energy system, digital firms above all 

others. 

 

IEA has developed 38 Technology Collaboration Programmes, whose nine are on renewable 

energies and fourteen on energy efficiency. IEA partnerships help IEA member country 

delegates shape strategic discussions around leading multilateral efforts that focus on 

energy technology innovation. 
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In conclusion, global CO2 emissions are on the rise again indicating growing disconnect 

between climate goals and energy-market trends. Energy technology innovation is key to 

foster economic growth, while also improving energy security & sustainability.  Even with 

ongoing cost reductions, government policy remains crucial to attract investment in 

renewable energies and energy networks, ensure appropriate market design and for reliable 

& cost-effective system integration. The IEA remains committed to providing decision 

makers with timely data, rigorous analysis, and a unique global network of Technology. 

Collaboration Programmes to accelerate real-world solutions. Partnerships should build 

upon (and cannot substitute for) a good policy framework for energy technology RD&D 

3.3 The future role of Hydrogen 

Carlos Navas from Fuel Cells and Hydrogen Joint Undertaking gives his vision. Hydrogen is 

the best or only choice for at-scale decarbonisation of industry key segments like synthetic 

fuels for heavy transports and long distances. Hydrogen is not only a competitor of 

hydropower for energy storage and link between production and demand, but an allied as 

well. In one hand hydrogen’s purpose should be decarbonisation of transport, while in 

another hand hydropower purpose is the decarbonisation of the new electric system 

(electricity is 21% of the total energy consumption and 38% of CO2 emission! – IAE 1979). As 

renewable power prices come down, water electrolysis becomes more and more cost-

efficient. The Hydrogen roadmap Europe (2019) encourages regulators to use electrolysers 

to balance the grid, e.g., by exempting them from grid fees: this is a companion approach 

of the Hydropower roadmap. 

3.4 Internet of Things innovation 

Internet of Things (IoT) innovations will provide multi-sided markets for services multi-

revenue sources ( Natalie Samovich from Alliance for Internet of Things Association). IoT is 

offering digital control, monitoring and communication capabilities, connecting the plants 

(hydropower, solar, wind) in intelligent networks. The challenges are large-scale deployment, 

long-term competitiveness, securing end-users’ take up. 

 

3.5 Heat Roadmap Europe, DHC and work on sector coupling 

Since heating and cooling are inherently local, but represent the largest single sector of the 

European energy system (50%). In Europe, more heat is wasted during electricity production 

than is needed to heat all buildings. Therefore, the potential for improvements in the 

heating sector is immense. By collecting the wasted heat from both industry and electricity 

production and using smart district heating grids, it is possible to save all of the natural gas 

currently used for heating buildings in Europe.  This would result in not only monetary 
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savings, but also in a consideration CO2 emissions reduction (Figure 16). This approach also 

helps the integration of renewable energy into the electricity sector by using heat pumps, 

district heating and large thermal storage (Figure 17).  

 

 
Figure 16 Historical, current and future CO2 emissions for the 14 HRE4 countries based on 
the BL 2050, CD 2050 and HRE 2050 scenarios 

 
Figure 17 Illustration of the energy system changes implemented in all HRE Scenarios 
towards 2050 

with regards to primary energy supply (PES), electrification and new thermal grids 
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Thermal storages – being 300% cheaper than electrical ones – can increase the flexibility 

potential. In fact, storages for district heating represent a key role to provide the flexibility 

required in future energy systems with an increased amount of non-controllable energy 

production. The most important thermal energy storage to consider should cover on 

average 2-8 hours in larger cities and 6-48 hours in smaller cities. These types of short-term 

storages are crucial to balance the electricity grid. Seasonal storages may be relevant to 

locally increase the coverage of excess heat which is otherwise wasted in the summer 

period from e.g. industry or waste incineration, implement solar thermal, or serve as 

sources for efficient heat pump operation… Heat Roadmap shows how an energy system 

transition can facilitate the integration of at least 87% renewables in the electricity, industry, 

and heating and cooling sector. 

3.6 Conclusion for Hydropower 

In the future market of flexibility and storage, hydropower has future powerful competitor 

like Hydrogen and Heating. In 2050, the subsidiarity principle shall be applied to European 

energy systems. It means that storage and flexibility of hydropower shall be in an integrated, 

highly automated and fully-trusted system combining all energies. As soon as possible 

innovations of hybrid storage and flexibility should be designed. 

 

In 2020, HPE forum could attend the next annual workshop on Vision 2050 and present its 

own vision from the perspective of the section of the energy system it represents. 
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Appendix A HYDROPOWER EUROPE first expert group 

meeting 

 

Agenda 
HYDROPOWER EUROPE first expert group meeting 
 

Date: March 13th and 14th, 2019 

Location: Square Frère-Orban 8, 1000 Brussels, Belgium 
 

Wednesday, March 13th, 2019  13:00 – 18:00 
 

Registration opens 13:00 - 13:30 
Please see details below 

 

1 Welcome words from the host of the meeting 13:30 - 13:40 

(Thomas Schleker/European Commission) 

 

2 Challenges for future development of hydropower in Europe 13:40 - 14:00 

(Anton Schleiss/ICOLD) 

 

3 Technology Roadmap (TR) for the hydropower sector 14:00 – 15:00 

(Jean-Jacques Fry/ICOLD) 
 

Coffee Break 15:00 – 15:15 
 

4 First draft of the Research and Innovation Agenda (RIA)  15:15 - 16:30 

for the hydropower sector 

(Emiliano Corà/EUREC) 
 

Coffee Break 16:30 – 16:45 
 

5 Process analyses, categorization and prioritization  16:45 – 18:00 

structure 
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(Mario Bachhiesl/VGB) 
 

Evening get-together: Quartier Léopold (see details below)    

 20:00 
 

Thursday, March 14th, 2019  08:30 – 16:00 
 

Registration open 08:30 – 09:00 
Please see details below 

 

6 Welcome day two 09:00 – 09:15 

(Mario Bachhiesl/VGB) 

 

7 State-of-the-art techniques – session I 09:15 – 10:45 

 

7.1 Technologies enabling maximization and flexibility in power generation 09:15 – 10:00 

and storage  

Gottfried Goekler/Vorarlberger Illwerke AG 

Alexander Schwery/GE Renewable 
 

7.2 Technologies for operations efficiency 10:00 – 10:45 

Marco Pinelli/Enel Green Power Spa 

 

Coffee Break 10:45 – 11:00 
 

8 State-of-the-art techniques – session II 11:00 – 13:15 

 

8.1 Performance and resilience of equipment 11:00 – 11:45 

François Avellan/EPFL-Laboratory for Hydraulic Machines 

Jürgen Schuol/Voith Hydro Holding GmbH & Co. KG 
 

8.2 Performance and resilience of infrastructures 11:45 – 12:30 

Miroslav Marence/IHE-Delft 

Domingos Matos/EDP Gestão da Produção de Energia S.A. 
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8.3 Hydro marine energy solutions 12:30 – 13:15 

Peter Stettner/ANDRITZ HYDRO 
 

Lunch 13:15 – 14:15 
 

 

9 State-of-the-art techniques – session III 14:15 – 15:45 

 

9.1 Environmental-friendly solutions and social acceptance 14:15 – 15:00 

Peter Matt/Österreichs Energie 

Guido Mazzà/Italian National Committee on Large Dams 
 

9.2 Mitigating the impact of global warming on hydropower  15:00 – 15:45 

generation  

Denis Aelbrecht/EDF – Hydro 

Alfredo Granados/Universidad Politécnica de Madrid (UPM) 
 

10 Summary and Conclusion 15:45 – 16:00 
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Appendix B First expert group meeting participant list 

 

Table 1 Participant list first expert group meeting 

Name Company Country 

Ablinger, Paul Kleinwasserkraft Österreich /  
Smallhydro Austria 

Austria 

Aelbrecht, Denis EDF - Hydro France 

Akpinar, Orkan Schluchseewerk AG Germany 

Aliyev, Emin EASE (European Association 
for  
Storage of Energy) 

Belgium 

Arrowsmith, Gregory EUREC Belgium 

Aufleger, Markus University of Innsbruck (Unit 
for  
Hydraulic Engineering) 

Austria 

Avellan, Francois EPFL-Laboratory for Hydraulic  
Machines 

Switzerland 

Bachhiesl, Mario VGB PowerTech e.V. Germany 

Ball, Ingo WIP Renewable Energies Germany 

Brende, Hege NTNU/HydroCen Norway 

Bullani, Alberto Mhylab Switzerland 

Corà, Emiliano EUREC Belgium 

D'Aco, Monica Enel Green Power Italy 

Fry, Jean-Jacques J-JFRY Consulting France 

Gabriel, Garcia CENER Spain 

Goekler, Gottfried Vorarlberger Illwerke AG Austria 

Granados, Alfredo Universidad Politécnica de  
Madrid (UPM) 

Spain 

Knudsen, Tone Statkraft Norway 

Konrad, Gundula VERBUND Hydro Power GmbH Austria 

   

Kühne, René Vattenfall Wasserkraft GmbH Germany 

Lundström, Staffan Luleå University of Technology Sweden 

Manso, Pedro MHYD & EPFL Switzerland 

Marence, Miroslav IHE-Delft Netherlands 

Matos, Domingos EDP Gestão da Produção de  
Energia S.A. 

Portugal 

Matt, Peter Österreichs Energie Austria 

Mazzà, Guido Italian National Committee on  
Large Dams 

Italy 

Moreira, Ana Paula EDP Portugal 

Morris, Mark Samui France France 

Multhaupt, Hendrik VGB PowerTech e.V. Germany 

Panagiotopoulos, Michael CRES Greece 

Perán Montero, Fernando Iberdrola Spain 
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Name Company Country 

Pinelli, Marco Enel Green Power Spa Italy 

Rogner, Mathis International Hydropower  
Association 

United Kingdom 

Rutschmann, Peter Technische Universität 
München,  
Lehrstuhl für Wasserbau und 
Wasserwirtschaft 

Germany 

Schleiss, Anton ICOLD France, Switzerland 

Schleker, Thomas European Commission Belgium 

Schuol, Jürgen Voith Hydro Holding GmbH  
& Co. KG 

Germany 

Schwery, Alexander GE Renewable Switzerland 

Stettner, Peter ANDRITZ HYDRO Austria 

Vannoorenberghe, Capucine EASE (European Association 
for  
Storage of Energy) 

Belgium 
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Appendix C European RD&I value chain by ETIP SNET 

Presentation of the European RD&I value chain by ETIP SNET 
 

ETIP : EUROPEAN TECHNOLOGY AND INNOVATION PLATFORMS  

 

The ETIPs develop research and innovation agendas and roadmaps for action at EU and 

national level to be supported by both private and public funding. They mobilise 

stakeholders to actively contribute to the agreed priorities and share information across the 

EU, providing consensus-based strategic advice on the SET-Plan, covering technical and non-

technological aspects (e.g. industrial strategy, market opportunities, exploitation of research 

results, innovation barriers, need for specific research activities, strategy for international 

cooperation, education, environmental and social impacts) and addressing linkages with 

other sectors in view of increased system integration. They formulate robust information on 

what funding amounts are needed for what RD&I sub-topics. 

 

EIP: EUROPEAN INNOVATION PARTNERSHIPS 

 

The partnerships are not a financing tool, but organisations that allows for the streamlining 

and optimization of the functioning of the other partnerships and the optimal use of the 

resources made available by the EU through programmes dedicated to research and 

innovation (e.g. Horizon 2020 or Horizon Europe). 

 

EERA  : THE EUROPEAN ENERGY RESEARCH ALLIANCE 

 

EERA is a representation of the European public research community, directly involved 

in the SET-Plan target-setting process, addressing cross-actions between the disciplines, in 

an attempt to better address the challenges of an integrated energy system. Each Joint 

Progamme provides recommendations for research, development and demonstration 

actions in its specific field, fostering the alignment amongst national research programmes 

(as much as reasonable) and their alignment towards the European SET-Plan goals. EERA JP 

are funded by the respective national funding agencies in the research carried out by 

the participants of the JP. 

 

IWG: THE IMPLEMENTATION WORKING GROUPS 

 

IWGs have been established by the SET-Plan Governing Board to address and implement the 

10 actions for research and innovation, based on an assessment of the energy system's 

needs and on their importance for the energy system transformation and their potential to 

create growth and jobs in the EU. The SET-Plan actions of interest in the context of 

Hydropower-Europe are Action 4: “Increase the resilience and security of the energy 
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system”, Action 7: “Become competitive in the global battery sector to drive e-mobility and 

stationary storage forward”. 

 

ERA-NET : European Research Area Network 

 

The focus of ERA-Nets is the topping-up funding of single joint calls for transnational 

research and innovation. This is aimed at increasing substantially the share of funding that 

Member States dedicate jointly to challenge driven research and innovation agendas. 

Financial contributions of Member States can be in cash or in kind in order to broaden the 

scope of ERA-Nets towards the coordination institutional funding of governmental research 

organisations. 

 

PPP : EUROPEAN PUBLIC PRIVATE PARTNERSHIPS 

 

The PPPs are based on roadmaps for research and innovation activities which are the result 

of an open consultation process and which have been positively evaluated by the European 

Commission, with the help of independent experts. The PPPs are implemented through 

open calls. All four PPPs considered in the ETIP SNET report are founded on the 

development and implementation of a strategic roadmap for research, technological 

development and innovation in the specific field of interest. 

 

 

 


