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• association established on 13. July 1999 by German, Austrian & Swiss HP operators

• agenda = hydropower  all aspects of hydroelectric power generation in the Alpine region: 

basics, technology, operation and marketing

• Aims

• promote the socio-political acceptance of hydroelectric power plants, with reference to 

the diverse benefits of our plants

• increase public awareness of the importance of hydropower as a clean energy source, to 

achieve the Paris climate goals

• participation in the implementation of the EU Water Framework Directive

• communication of the outstanding importance of hydropower in Alpine areas, 

• consultation of legislative procedures related to hydropower in the Alpine region.
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Arbeitsgemeinschaft Alpine Wasserkraft
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Arbeitsgemeinschaft Alpine Wasserkraft

• organization of international symposia and workshops

• research projects with universities and scientific institutes

• cooperation with national and international institutions and stakeholders

• exchange of experiences between the members

• publication of information materials

• public relations work (media and the interested public)



• The exploitation of mechanical hydropower initially lost some of its importance during the 

19th century. The steam engine (James Watt, 1769) and the expansion of coal mining permitted 

the industrial production of goods in regions without hydropower potential.

• Werner von Siemens invented the electricity generator in 1866 that hydropower returned to 

the fore, as it enabled the conversion of mechanical energy from water to electric power.

„Black coal – white coal“ – Paris world exhibition in 1889

• 1st HPP in the world: 1878 – Northumberland in England

• France: 1880 – production of electricity in paper mill near Grenoble

• Austria: 1880 – Steyr (Josef Werndl)  exhibition in 1884

• Switzerland: 1886 – Thorenberg near Littau (Canton of Lucerne)

• Germany: 1890 – Saalach power station in Bad Reichenhall

• Italy: 1898 – Adda near Paderno

• Slovenia: 1913 (1918) – Fala on the Drava 
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History of hydropower in the Alps

Matt et al. (2019)



Seite 6

History of hydropower in the Alps

Francis turbine
1849, James B. Francis (US)

Pelton turbine
1880, Lester Pelton (US)

Kaplan turbine
1913, Viktor Kaplan (AT)
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Status of hydropower in the Alps (> 5 MW)



• UN SDGs: Agenda 2030

• The Paris Agreement (2015)

hold “the increase in the global average 

temperature to well below 2°C above 

pre-industrial levels” and pursue efforts 

“to limit the temperature increase to 

1.5°C above pre-industrial levels.”
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Importance of Alpine hydropower & flexibility

• European Climate Law

• Fit For 55 

• Clean Energy Package (CEP) 2018

• REPowerEU
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Importance of Alpine hydropower & flexibility

Beispiel: Wind- und Photovoltaikerzeugung – Deutschland: 18.9 bis 2.10.2022 [GW] / 
auf Basis Agora Energiewende (2023): Agorameter

Flaute

range ramping
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Importance of Alpine hydropower & flexibility

Schmidt et al. (2019)Kumar et al. (2011)

Hesthammer (2020)

Hydropower provides
the most efficient

energy storage!
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Importance of Alpine hydropower & flexibility

Source: Eurostat, BFE (2021)

Installed capacity: 938 GW  hydropower 199 GW
1/3 in the Alps
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Importance of Alpine hydropower & flexibility

Source: Eurostat, BFE (2021)

production ca. 2.500 TWh/a  22% (558 TWh) from hydropower
1/3 from the Alps
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Importance of Alpine hydropower & flexibility

• high flexibility in the Alps

• unique feature: number & capacity 

of pump-storage HPPs 
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Importance of Alpine hydropower & flexibility

• „Dunkelflaute“

• flexible energy from storage and 

pump-storage HPPs needed

• integration of renewables wind & PV
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Importance of Alpine hydropower & flexibility

www.mainsfrequency.com

www.advsolned.com/power-blackouts-jargon-buster/



• Power generation from renewable sources 166 TWh/a, with low short-term volatility

• Substitution of fossil fuels & reduction of greenhouse gas emissions = annual savings of 

73 million tons of CO2

• Reliable technology in more than 1,000 alpine hydroelectric power plants ≥5 MW

• Integration of volatile renewables, especially wind power and PV

• Provision of assured capacity 64 GW, of which 43 GW in storage and pumped storage

• Exceptionally high flexibility, both in the short-term and long-term segment

• With ternary machinery sets (e.g. Kopswerk II): quick response to the grid 

• 20 sec from zero to full load PU & TU

• 40 sec from full load turbine to pumping mode & vice versa

• Provision of system services: frequency and voltage stability, supply restoration, redispatch, 

black start and grid restoration, voltage and reactive power control

• Contribution to system stability and security of supply system adequacy
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Importance of Alpine hydropower & flexibility



Measures without effect on the production:

• Hydropeaking Diversion HPPs

• Hydropeaking Retention Basins
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Hydropeaking: R&D Measures

The production of flexible energy causes frequent changes in discharge, i.e. hydropeaking.
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Many rivers are affected by multiple stressors
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Hydropeaking mitigation measures in Switzerland

https://www.eawag.ch/de/info/portal/aktuelles/news/massnahmen-gegen-die-auswirkungen-von-schwall-und-sunk-planen/

HPP Innertkirchen (KWO)
basin & cavern volume of 80,000 m³

Bruder et al. (2016), Tonolla et al. (2017)
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Hydropeaking mitigation measures in Austria, e.g. Tyrol

catchment area - 4,650 km² 
Inn river = HMWB

strategic planning „bottom up“
Austrian Water Law (§53)

Schmelz et al (2017)

Strategic Environmental Assessment
“water management framework plan 
for Western Tyrol”
2014: directive from the Federal 
Ministry of Agriculture, Forestry, 
Environment, and Water Management

Reindl et al. (2023)

„additional production of about 1,800 GWh/year
renewable energy, as well as the ecological improvement
of the Inn river, as this concept will mitigate hydropeaking 

and reduce gradients to <15 cm/h (upramping) and
<12 cm/h (downramping) in the critical periods“



• Hydropeaking Diversion HPP GKI  Herdina 2018, Moreira et al. 2020
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Hydropeaking mitigation measures in Austria, e.g. Tyrol



• Hydropeaking retention basin Silz  Reindl et al. 2023
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Hydropeaking mitigation measures in Austria, e.g. Tyrol
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Summary
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