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1 INTRODUCTION  

Pump storage reservoirs are of high importance for the German energy turnaround and the transition from 
the fossil fuel and nuclear energy age to volatile renewable energy sources. Renewable energies such as 
wind energy, solar energy and hydropower energy show high temporal and spatial fluctuations while the 
demand depends on human activities. The resulting difference between energy demand and energy supply 
requires new energy storage capacities in different time intervals from sub second to seasonal ranges. 

Traditional pump storage reservoirs are often critically evaluated due to conflicts with nature conserva-
tion and population. Therefore, research is required for innovative and new pump storage concepts avoid-
ing the aforementioned conflicts. Underground pump storage reservoirs are regarded as one promising al-
ternative due to the possibility of subsequent use of old and abandoned mines (coal, ore or salt).  

The hydraulic processes in these underground pump storage reservoirs (Fig. 1) are an important pre-
requisite apart from mining, technical, economic, approval and operational aspects. Consequently, the hy-
draulic processes in underground pump storage reservoirs are investigated in detail on the basis of an hy-
brid modelling approach using OpenFoam and a small scale physical model. 

2 EXISTING CONCEPTS  

The idea of using underground cavities for underground pump storage reservoirs is not new. First con-
cepts were developed and discussed in the fifties of the last century (e.g. Issakson, 1968, Schumann, 
1979) but were never realized in practice.  The importance and possibilities of underground pump storage 
reservoirs increased due to the decrease of fossil energy resources, the retreat of nuclear energy (at least 
in Germany), the development of renewable energies and an increase of land use conflicts during the past 
years. Therefore, different implementation concepts are investigated in Germany by different working 
groups. Three different concepts are mentioned in the following even if the level of detail is still very dif-
ferent and a clear comparison is not possible so far. The energy research Centre in Lower Saxony investi-
gates possibilities for the Harz mountains in Northern Germany by using old and abandoned ore mines 
(Beck and Schmidt, 2011). The University of Duisburg-Essen works on possibilities to use old coal mines 
in the Ruhr area (Niemann, 2013) and finally an underground pump storage reservoir is discussed as an 
alternative for a traditional pump storage reservoir in Forbach / Black Forest / Southern Germany (Achatz 
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ABSTRACT: Design and construction of pump storage reservoirs are influenced by land use conflicts 
and difficult to realize nowadays. Therefore, underground pump storage reservoirs (UPSR) are regarded 
as a possible alternative due to minor environmental impacts and less land use conflicts. However the fea-
sibility of such a project needs to be analyzed from a technical, economic and legal point of view. In a 
first step, the hydraulic processes were investigated for different geometries by using a hybrid modelling 
approach as a key prerequisite for feasibility. 
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