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Overview 
Already in the past there have been significant interdependences between the Austrian and German electricity 
system. Flexible Austrian pumped-hydro electricity generation has been exported during peak hours and 
significant amounts of German off-peak generation were imported. Due to increasing deployment of variable 
renewable electricity generation (mainly wind and PV generation) in both electricity systems the dynamics of 
“breathing” between the two neighbouring electricity systems has also been increasing significantly on several 
scales in time in recent years. In order to further guarantee smooth online electricity system operation (incl. 
cross-border transmission), therefore, it is important to study extreme events occurring on critical hours 
throughout the year. 
 
Method 
Based on different scenarios on the further development of the Austrian and German power plant portfolio up to 
2030 and 2050, a matrix on different extreme events occurring on critical hours throughout a year is elaborated. 
Among others, the major drivers resulting in extreme situations on the electricity system are: maximal versus 
minimal variable renewable electricity generation, maximal versus minimal loads, maximal versus minimal 
reservoir level of pumped-hydro storage plants, maximal versus minimal cross-border transmission congestion, 
etc. In a next step, for each of the different extreme events the power plant mix in each of the two neighbouring 
countries is split into (i) firm and (ii) variable electricity generation capacities and, subsequently, their 
contribution to meet the different loads are estimated (underlaid by typical average patterns on import/export 
balances). The extreme patterns on import/export balances between Germany and Austria finally are the result of 
the ultimate step of the analysis where the operation of pumped-hydro power generation (driven by the major 
factors mentioned above) and the stress on cross-border transmission is studied in detail. 
 
Results 
The results clearly demonstrate that for the different future scenarios on increasing variable renewable electricity 
generation in Germany and Austria there exist manifold situations stressing both electricity systems in general 
and cross-border transmission in particular. The extreme events throughout the year not only occur in case 
several parameters (e.g. like loads, wind and PV generation, etc.) reach maximal values. On the contrary, 
exemplarily one of the most challenging days throughout the year is the so-called “Tag der Wiedervereinigung” 
(national German holiday on a weekday) being characterised by the following parameters: low load in Germany, 
maximal wind and PV generation in Germany and Austria, high load in the neighbouring countries of Germany. 
E.g., this situation maximizes wind and PV imports from Germany to Austria (and operates pumped-hydro 
power plants in the pumping mode) and also maximizes stress on cross-border transmission. However, there also 
exist extreme situations on typical winter days with low wind and PV generation, where maximal pumped-hydro 
generation is exported from Austria to Germany and cross-border transmission is congested in the other 
direction. Due to that a structured classification of the driving parameters describing the different extreme events 
is important to get a complete picture on critical hours/days throughout a year. 
 
Conclusions 
The methodology and the empirical results presented in this study provide a clear insight into the still increasing 
interdependences (“breathing”) between the German and Austrian electricity system in case of increasing 
penetration of variable renewable electricity generation in the future. For studying selected extreme events on 
both electricity systems throughout a year, the methodology applied in this paper is sufficient. In order to study 
continuous stress on both electricity systems (incl. cross-border transmission congestion), however, an hourly 
power plant dispatch model needs to be implemented. 
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