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Hydropower: potential for 
and limits to expansion
Switzerland’s hydropower sector is facing billion-franc challenges. What is required to 

meet these challenges are economically and ecologically acceptable ways of optimizing 

peak-load production and storing surplus electricity from new renewable sources  

of  energy. In both cases, the interests of Switzerland and Europe would be served – and 

ideally there could be benefits for aquatic ecosystems as well as the electricity sector.

Universal access to electricity may be taken for granted in 

Switzerland, but the planning of sustainable power supplies poses 

major challenges for policymakers throughout the world. This task 

has not become any easier since the Fukushima disaster in 2011. 

That same year, the Swiss Parliament and the Federal Council 

decided to phase out the use of nuclear power. What needs to 

be established now, as a matter of urgency, is how the future 

loss of capacity – around 24 terawatt-hours (TWh) per year – can 

be compensated for. The gap which will need to be filled over 

the coming decades by means of efficiency measures and new 

sources of energy is equivalent to 40 per cent of current electri-

city demand – and it continues to widen as a result of steadily 

rising consumption.

Realistically, there is a need for energy sources providing a 

total capacity of 30– 40 TWh/year [1]. One option which might 

suggest itself is the use of fossil fuels to replace lost generating 

capacity. However, as Switzerland is committed to the emission-

reduction goals of the Kyoto Protocol, alternative options must 

be sought among renewable energy sources such as wind, solar, 

geothermal or hydroelectric power. But what role can and should 

hydropower play in future energy provision?

The balancing function of hydropower. In Switzerland, hydro-

power is the main source of electricity production – accounting for 

more than 55 per cent of the total – but the remaining potential is 

limited. Estimates of the possible contribution of hydropower pub-

lished by the Federal Office of Energy [2], the Swiss Association 

for Water Resources Management (SWV) [3] and environmental 

groups vary considerably. Realistically, net additional production 

could amount to around 1– 3 TWh/year (Table 1). Allowing for 

the losses of production involved in complying with residual-flow 

requirements, the additional production resulting from operational 

optimizations and the construction of new large and small plants 

amounts to less than 10 per cent of current electricity generation 

[3]. Thus, hydropower cannot make up the future shortfall. As the 

potential contribution of wind power is limited and the future role 

of deep geothermal energy remains uncertain, it is clear that the 

largest contribution to the future electricity mix will have to come 

from photovoltaics.

However, there are two ways in which hydropower can help to 

meet the huge challenges of electricity production in Switzerland 

and in Europe: (1) by providing energy at times of high demand 

(peak-load production) and (2) by storing energy at times of ex-

cess supply. With an installed peak capacity of 13.4 gigawatts 

(GW) and effective production peaks of around 10 GW, not only is 

Swiss hydropower extremely flexible and available at short notice, 

but – with an alpine storage volume of about four cubic kilometres 

– it also has a robust backbone for the provision of regulating and 

balancing power over a period of several months. Because in 

the past there was no significant overproduction of energy from 

stochastic sources in Europe (e. g. wind and solar energy, varying 

according to weather conditions and thus only partly predictable), 

only a few pumped-storage plants were constructed in the Alps 

for day/night load balancing. Here, major changes are to be ex-

pected in the near future, and Switzerland can make a significant 

contribution to the storage of surplus power from stochastic 

sources.

Hydropower for daily load levelling. If in the future more new 

renewable energy comes from wind (from Northern Europe) 

and from photovoltaics (from Switzerland), electricity produc-

tion will become more irregular, with enormous daily – or even 

hourly – fluctuations in output (Fig. 1). How large will the excesses 

and deficits associated with the new renewables be, and how 

short the timescale of fluctuations? As a point of reference, we 

may take the above-mentioned shortfall in capacity of at least 

Table 1: Potential for additional hydropower production [2– 4]. 

Changes Estimated potential 

(TWh/year)

Increased efficiency, optimization, renovation 1.0 to 1.8

New large plants 0.7 to 1.4

New small plants 0.7 to 1.7

Compliance with minimum residual flows – 2.0 to –1.4

Climate ± 0

Total 0.5 to 3.5
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However, this capacity is not sufficient to provide a buffer for 

several weeks of very cold, hot or dry conditions, let alone for sea-

sonal balancing. Nonetheless, electricity system services could 

generate considerable profits for the water industry, which could 

then be ploughed back into the necessary ecological compensa-

tion measures.

Hydropower expansion for seasonal balancing? If we assume 

that Switzerland will mainly use photovoltaics to compensate for 

the loss of nuclear energy, the question arises whether (exist-

ing) hydropower capacity could also meet seasonal balancing 

requirements. The German experience shows that spring and 

autumn account for around 50 per cent of total annual production 

of solar power, with summer 40 per cent and winter 10 per cent. 

For Switzerland, this means that photovoltaics would produce a 

surplus of 4–5 TWh in the summer, which would be lacking in 

the winter. This amount of energy could not realistically be stored 

with the existing storage volume, as this is already needed today 

for seasonal balancing. A rough calculation suggests that an 

additional volume of around one cubic kilometre would be needed 

to accommodate this additional amount of energy. This is roughly 

equivalent to the entire storage volume available in Canton Valais, 

with the huge reservoirs of Grande Dixence, Mauvoisin and 

Emosson. It is obvious that the construction of new reservoirs on 

this scale – new capacity could also be created by increasing the 

height of existing dams – would be highly controversial.

Research on sustainable water resource use. Given this vision 

for the development of hydropower, numerous practical ques-

tions arise concerning the ecologically acceptable conditions for 

peak-load production and energy storage. What changes – in 

terms of discharge and riverbed impacts – are to be aimed for in 

the remediation of river stretches subject to hydropeaking? How 

are stilling basins and equalizing reservoirs to be designed so as 

to make pumped storage and weekly balancing worthwhile? What 

are the minimum requirements – in terms of temperature, turbid-

ity, water level fluctuations and fish habitat demands – which are 

tolerable for lower-elevation waterbodies used in pumped-storage 

operations? A research agenda involving goals of this kind is to be 

elaborated as soon as possible (see page 26).

Conclusions. In the future, by means of peak-load production 

and pumped storage, hydropower could play a key role in the in-

tegration of electricity from stochastic sources into the European 

grid. These modifications to Switzerland’s hydropower – which 

could ideally lead to a win-win situation – will require billion-franc 

investments: (1) for the expansion of photovoltaics and (2) grid 

capacity, (3) for new pumped-storage plants and (4) the expansion 

and construction of alpine reservoirs, and (5) for stilling basins 

and equalizing reservoirs. While weekly balancing of supply and 

demand for electricity is achievable at a realistic cost, new alpine 

reservoirs are necessary for seasonal balancing. If this proves un-

acceptable to society, either fossil-fuel power plants or additional 

wind farms abroad will be needed to ensure secure supplies in the 

winter. i i i

Existing Total 1460

Grimsel 2 352 Ova Spin 52

Hongrin-Léman 256 Handeck 48

Mapragg 159 Zermeiggern 46

Robiei 157 Mottec 36

Nestil 140 Chatelard-Barbarine 32

Ferrera I 90 Sambuco-Peccia 24

Etzelwerk 54 Rempen 16

Under construction Total 2140

Hongrin-Léman/ Veytaux II, 

2015

240 Nant de Drance/Emosson, 

2017

900

Linth-Limmern/Muttsee, 

2015

1000

Under regulatory review Total 1630

Lagobianco (Val Poschiavo) 1000 Grimsel 3 (KWO Plus) 630

Table 3: Installed pumping capacity (in megawatts) of Switzerland’s existing 

and planned pumped-storage plants.
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