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HYDRAULIC STORAGE DEMAND FOR A FULL 
REGENERATIVE  

ELECTRICITY POWER SUPPLY OF AUSTRIA 
 

M. Boxleitner 
 

Abstract: In this paper, the necessary additional hydraulic 
storage demand (capacity and power) is determined, that would 
be necessary for a full supply of Austria with electricity from 
renewable sources, i.e. hydropower, wind power and 
photovoltaics. Therefore a multi-level optimization of the 
generation mix has been implemented. The results show that 
the necessary storage demand exceeds the existing hydraulic 
storage potential in Austria, in some scenarios by orders of 
magnitude. 

 
 

1 Introduction 
The worldwide demand for electricity continues to rise. Responsible for this are 
various factors such as the industrialization of emerging countries, but also the 
substitution of other energy sources in industrialized countries. To meet this growing 
demand also power plants that use fossil primary energy sources are used. Due to 
the finite nature, coupled with sometimes unstable political situations in the supplier 
countries the price increases. Many countries (including Austria) are depending on 
imports of fossil fuels, so the situation is even worse. And finally the climate change 
is aggravated by greenhouse gas emissions from fossil-fueled plants. 
For the above reasons a modified structure in the field of electrical energy supply is 
needed. Electricity from renewable sources such as hydroelectric power, wind power 
or photovoltaics will increasingly replace electricity from fossil power plants. 
However, the renewable sources bring in addition to their many advantages (free 
primary energy, decrease in greenhouse gas emissions, decreasing import 
dependency for other energy sources, decoupling of rising energy prices, etc.) also 
some disadvantages. The high volatility caused by the nature of wind or solar 
radiation is a significant problem. Flexible backup units must be available to 
compensate these fluctuations to provide a stable network operation. Furthermore, 
the local potential for renewable energy is distributed inhomogeneously. In addition, 
generation systems such as wind power and photovoltaic are also characterized by 
very low full-load hours, which makes it necessary to install much higher capacity 
than, for example, hydropower or thermal units in order to achieve equal amounts of 
energy. On the one hand this loads the power grid, as higher transmission capacities 
are required. On the other hand, the role of storage in a sustainable electricity system 
is becoming increasingly important, as they have to manage the balance between 
volatile, renewable producers and flexible consumers. 
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The central question of the research project “Super-4-Micro-Grid – Sustainable 
energy supply and climate change” [1] was if a full supply of electrical energy in 
Austria is possible based on the national potentials for hydro power, wind power and 
photovoltaics. As the question could be answered in the affirmative [2], the question 
on the needs of storage capacities for such a system arose. This question should be 
answered in this paper. To determine the minimum storage requirements a multi-
level optimization has been implemented and the results are compared with the 
hydraulic storage potentials for Austria. Further analysis of the impact on the 
transmission system [5] and the necessary storage demand were performed. 
 

2 Methods 
This chapter reports on the fundamental assumptions and limitations to the data base 
used. Thereafter, the scenarios are shown, which were developed for further 
considerations. Finally, the implemented multi-level optimization to minimize the 
storage demand will be discussed. 
 

2.1 Assumptions 
In the project it was assumed to regard Austria as an island system. This implies the 
independency of this system in two stages: First, the energy autonomy, and second, 
power self-sufficiency. The latter condition outperforms the first and requires the 
balance of production and consumption of electricity at all times to provide a stable 
network operation. As compensatory component in the considered power system 
storages can be used, whose scale is to be determined. 
As a further assumption, only renewable sources, i.e. hydropower, wind power and 
photovoltaics are considered. Other renewable sources like biomass are excluded in 
the modelling. For run-of-river power stations the assumption was made that no 
lockers are available, so the production is equal to hydraulic supply. 
 

2.2 Data base 
The approach is based on time series for hydroelectric power, wind power, 
photovoltaics and load in a temporal resolution of one hour over a period of 15 years 
(1994 to 2008). The renewable power feed-in was all modelled on basis of 
meteorological data of wind speed, solar radiation and the precipitation. In parallel, 
using a Geographic Information System (GIS), the national potentials for wind and 
solar power were investigated [1], [3]. For this purpose Austria was divided into eight 
homogeneous regions, taking into account climatological characteristics. 
Based on research, existing as well as future planned (pump) storage plants in 
Austria were investigated, with their characteristic parameters. [4] 
For load modelling data from e-Control for 2007 and 2008 were used. The whole load 
of Austria was broken down based on geographic and demographic data on eight 
regional loads. This information is also in an hourly resolution. 
 

2.3 Scenarios 
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Since the projections of future trends, such as the development of electrical energy 
consumption in Austria, are associated with very large uncertainties six scenarios 
were developed. As variable, on the one hand the annual production potential from 
hydropower was selected, and on other hand the development of the electricity 
demand. The following values for the two parameters were determined: 
 

• Hydro power: 41 TWh/yr (“basis”) and 51 TWh/yr (“expansion”) 
• Electricity demand: 69 TWh/yr (“Low”), 86 TWh/yr (“Medium) and 

137 TWh/yr (“High”) 
 
The six developed scenarios are shown in Table 1. 
 

 
Annual electricity demand 

69 TWh 
(“low”) 

86 TWh 
(“medium”) 

137 TWh 
(“high”) 

Annual hydropower 
generation 

41 TWh 
(“basis”) Scenario LB Scenario MB Scenario HB

51 TWh 
(“expansion”) Scenario LE Scenario ME Scenario HE

Table 1. Scenarios of annual hydropower generation and annual electricity demand for Austria  
until 2050 

 
The colour markings of the scenarios have the following meanings: 

• White: The investigated national renewable power potentials are sufficient to 
meet the energy demand needs.  

• Light grey: The investigated national renewable power potentials have to be 
scaled up by a factor 1.5 to facilitate the energy demand needs. 

• Dark grey: The investigated national renewable power potentials have to be 
scaled up by a factor 4.3 to facilitate the energy demand needs. 

 
The scenario ME is used as the reference scenario. It assumes a consumption 
growth of 25% and an increase in hydropower generation to around 51 TWh per year 
by 2050. The energetic coverage of the electrical load with the identified potential is 
possible. 
 

2.4 Storage optimization 
This section is the central element of this paper. It explains the multi-stage 
optimization of the energy mix for minimum storage requirements. In a first step the 
optimization targets are presented, as well as the constraints. After that the multi-
stage process is presented, which also contains the optimal processing of the 
standard capacity of storage hydropower plants. 
 

2.4.1 Objective function, constraints and variables 
As an objective function optionally the storage capacity (energy content) or the 
pumping capacity (pump power) of the required storage can be minimized. For 
labelling the target that has been selected the suffixes "-1" for the minimum storage 
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supply(t) = ℎ , ∗ , ( ) R   ∈  {1, … ,8} ℎ   ∈ {   ,  , ℎ } ℎ  ∈  {0, … ,    }  t ∈  {1, … , 131 496} 
 
2. In the second process step the demand is subtracted from the supply for every 

timestamp,  ( ) = ( ) − ( ) 
 
3. Based on this power balance the work off of the standard capacity of the hydro 

storage power plants is optimized in the third process step. The optimization is 
divided into daily, weekly and yearly stages. The scheme of this process is shown 
in Fig. 2. 

 
 

 

 
Fig. 2. Scheme of storage optimization by stages 

 
The aim of this optimization is that the available standard capacity of hydro 
storages is optimally used, i.e. to absorb large production deficits. An additional 
constraint for the storage use is the maximum capacity of the turbines. The 
standard capacity is evenly distributed over these periods. 
As an example the performance characteristics of the original power balance, and 
the curves at the end of the day, the week, and the annual storage optimization 
for the period of a week is shown in Fig. 3. With each stage of the optimization the 
profile is further smoothed. The rest of the power requirement was reduced from 
around 6.5 GW to about 2 GW. As results for this optimization level you get the 
total balance,  ( ) =  ( ) −    ( ) 

 
The maximum hourly value of the total balance is the highest required pump 
power, the minimum hourly value (negative) the highest required turbine power. 
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Fig. 3. Power characteristics of the 
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3 Results 
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need for pumping capacity exceeds the potential depending on the scenario by a 
factor of two to four. The necessary storage capacities exceed the potentially 
available capacity by more than a factor of 100. 
 

 Storage capacity [TWh] Max. pump power [GW] 
Austria’s potential 0.14 4.8 

Scenario LZ-1 17.0 11.7 
Scenario LZ-2 17.3 10.6 
Scenario MZ-1 23.4 21.4 

Table 2. Required storage capacity and maximum pump performance under selected scenarios 
compared with the Austrian hydro storage potential 

 
It could also be shown that for a full supply of Austria with electricity from renewable 
sources, hydropower, wind power and photovoltaics, the need for a multi-year 
storage management would be necessary (Fig. 7). In years with high renewable 
supply provisions must be made for poorer production years. 
As a key factor towards a full renewable electricity supply the electricity consumption 
was identified. The lower the consumption, the lower the proportions of volatile 
generation technologies such as wind and solar power, and the lower the necessary 
extension services for sustainable production systems, as poor locations can be 
avoided. Moreover, it was also shown that the expansion of hydroelectric power 
would have considerable benefits. 
In summary, the study pointed out that there would be sufficient regenerative 
potential in Austria to perform an autonomous full supply of electrical energy, but 
especially the additional required storage capacity exceeds the national potential 
massively. 
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